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Summary

The objective of this study is to calculate the necessary contribution rates that would provide actuarial 
balance for the benefits of Retirement by Length of Contribution and Survivors Benefits of the Social 
Security National Institute’s (INSS) Social Security General Regime (RGPS), using actuarial mathematics. 
Calculations were performed for various start ages of contribution period and income ranges, and two 
family arrangements were considered: single man and couple with two children. In this second case, 
several possibilities of age difference between spouses were analysed. For single individuals without 
dependants, the current contribution rates (28 to 31%) are higher than the ones required to generate 
actuarial balance for the RGPS. For example, for a 25-year-old man, the necessary rate would be of 
22%. The higher the starting age of contribution and the higher the income, the lower the initial necessary 
rate. When insured workers are married and have two children, the findings are quite different. For a 
35-year-old man married to a 25-year-old wife, the contribution rate should be of 33%. If the man starts 
contributing when he is 45 years old, the rate rises to the higher value of 68%. The greater the age 
difference between spouses (an increasingly common family arrangement), the greater the necessary 
rate must be. The obtained results show that an urgent reform should be made in RGPS starting by 
survivors’ benefits, whether through eligibility conditions, value or duration of benefits.
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Resumo

Este estudo tem como objetivo calcular as alíquotas de contribuição necessárias para proporcionar 
equilíbrio atuarial para os benefícios de Aposentadoria por Tempo de Contribuição e Pensão por Morte 
do RGPS do INSS, com o emprego de técnicas de matemática atuarial. Os cálculos foram feitos para 
diferentes idades de início das contribuições e faixas de renda, para dois arranjos familiares: homem 
solteiro e casal com dois filhos. Neste segundo caso, foram analisadas várias possibilidades de diferença 
de idade entre os cônjuges. Para indivíduos solteiros e sem dependentes, as alíquotas atualmente 
existentes (28 a 31%) são superiores às necessárias para gerar equilíbrio atuarial para o RGPS.  
Por exemplo, para um homem de 25 anos, a alíquota necessária seria de 22%. Quanto maior a idade de 
início das contribuições e maior a renda inicial, menor a alíquota necessária. Quando os segurados são 
casados e têm dois filhos, as conclusões são bastante diferentes. Para um homem de 35 anos casado 
com uma mulher de 25 anos, a alíquota de contribuição deveria ser de 33%. Se o homem começa a 
contribuir com 45 anos de idade, a alíquota cresce para o elevado valor de 68%. Quanto maior a diferença 
de idade entre cônjuges (arranjo familiar cada vez mais comum), maior deve ser a alíquota necessária. 
Os resultados obtidos evidenciam que uma premente reforma no RGPS deve se iniciar pelas pensões 
por morte, seja pelas condições de elegibilidade, valor ou duração das pensões.
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Resumen

El objetivo de este estudio es calcular las alícuotas de contribuición necesarias para proporcionar 
equilibrio actuarial para los beneficios de Jubilación por Tiempo de Contribuición y Pensión por Muerte 
de RGPS de INSS, com el empleo de técnicas de matemática actuarial. Se hicieron los cálculos para 
diferentes edades de inicio de las contribuiciones y grupos de ingreso, para dos arreglos familiares: 
hombre soltero y pareja con dos hijos. En este segundo caso, varias possbilidades de diferencia de 
edad entre los cónyuges fueron analizadas. Para individuos solteros y sin dependientes, las alícuotas 
actualmente existentes (28 a 31%) son más altas que las necesarias para generar equilibrio actuarial 
para el RGPS. Por ejemplo, para un hombre de 25 años, la alícuota necesaria sería de 22%. Cuanto más 
grande la edad de inicio de las contribuiciones y más grande el grupo de ingreso inicial, más pequeña la 
alícuota necesaria. Cuando los asegurados son casados y tienen dos hijos, las conclusiones son muy 
diferentes. Para un hombre de 35 años casado con una mujer de 25 años, la alícuota de contribuición 
deberáa ser de 33%. Si el hombre empeza a contribuir com 45 años, la alícuota crece para el alto 
valor de 68%. Cuanto más grande la diferencia de edade entre cónyuges (arreglo familiar cada vez 
más común), más grande debe ser la alícuota necesaria. Los resultados obtenidos evidencian que una 
urgente reforma em el RGPS debe empezar por las pensiones por muerte, sea por las condiçiones de 
elegibilidad, valor o duración de las pensiones.
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1. Introduction The Brazilian pension system can be divided into two regimes. 
The first of these encompasses the Special Welfare Policy (RPPS), 
whose policyholders are public sector employees (Municipalities, States 
and the Federal Government). The second regime, object of this study, is 
the Social Security General Regime (RGPS), administered by National 
Institute of Social Security (INSS). In this case, policyholders are private 
sector workers. The pension schemes cover a variety of risks to which 
citizens are exposed [CAETANO (2006), STIGLITZ (2000, cap.14)]. 
However, the RGPS protects contributors against a wider range of 
risks, particularly since the Constitution of 1988, when social assistance 
attributions were incorporated into the RGPS, like, for example, the 
benefits of continuing provision. (AFONSO and FERNANDES, 2006).

 The implementation of the Social Security concept presented in 
the Constitution, in addition to striving for uniformity and ubiquity of  
the pension system, has led to an increase in the well-being of the 
population, particularly in rural areas. (AFONSO and FERNANDES, 2006).  
However, it has generated a need to afford the high costs of this structure. 
The large sums required to maintain the system itself, demographic 
transformations which Brazil has undergone (NAJBERG E IKEDA, 
1999; WONG AND CARVALHO, 2006), and also indexing benefits to the 
minimum wage (GIAMBIAGI et al., 2007) – which in recent years have 
presented a substantial increase above the inflation rate – are leading 
the system to an endogenous tendency of actuarial imbalance.

 In an effort to mitigate this imbalance, some measures have been 
taken in recent years. The first term of the Fernando Henrique 
Cardoso administration enacted Supplementary Amendment 20, of 
1998, amending article 201 of the Constitution – which in addition to 
establishing minimum ages for retirement by length of contribution  
to public servants, modified the way of calculating the workers’ benefits 
in the private sector. The following year, in 1999, the second term of 
the FHC administration approved Law 9.876, which modified some  
of the RGPS rules. The most important of these was the creation of the 
Retirement Factor – mandatory for retirement by length of contribution 
(ATC) and optional for retirement by age (AI) – which aims to increase 
actuarial fairness of the RGPS, decreasing the value of the benefits for 
those who retire early and increasing it otherwise. In 2004 and 2005, 
during the Lula administration (2003-2010), constitutional amendments 41 
and 47 were enacted which also altered the rules of retirement to some 
degree. These measures have changed the RPPS rules, in order to bring 
it closer to the regulations of the RGPS (SHARMA et al., 2006).

 Despite recent reforms having the intention to unify the rules of the RPPS 
and RGPS, aiming to increase actuarial fairness and provide financial 
equilibrium in the long term, in the short term the measures have had no 
substantial effects. Therefore, in the short term the State continues to 
commit resources to cover the deficit of the pension system that could 
be destined for other sectors of society and that could boost economic 
growth, such as education, infrastructure and health.
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 Comparing Brazil with other countries of similar demographic structure 
demonstrates a huge disparity in the proportion of expenditure in relation 
to Gross Domestic Product. According to ROCHA and CAETANO (2008) 
and CAETANO and MIRANDA (2007), while Brazil spends 11% of its GDP 
on pensions, countries with similar demographic characteristics spend 
about 4%. ROCHA and CAETANO (2008) present possible justifications 
for the existence of this disparity between the international average and 
Brazil. One of these refers to the distributive character of the country’s 
pension system. The other, which gives rise to the development of this 
study, points to flaws in the design of the system. The most obvious 
being expenditures on survivors benefits, for which Brazil appears as 
a clear outlier, with expenditure in relation to GDP much higher than all 
the other countries. 

 In Table 1 we present the number of benefits paid by the RGPS, the 
total retirements (ATC and AI), and the values for the ATC and survivors 
benefits. In addition to these amounts, there is also the average value 
of each of the benefits cited.

Table 1 – Quantity, value and average value of retirement and survivors benefits issued by the RGPS

 TOTAL Retirement
(Age + Invalidity + TC) ATC Survivors Benefit

Year Quantity*

2007 22.066.263 13.878.747 3.943.339 6.090.410

2008 22.776.205 14.453.455 4.117.972 6.274.676

2009 23.534.497 15.076.295 4.316.779 6.457.846

2010 24.426.882 15.606.264 4.486.698 6.631.064

Year Average Value (R$)*

2007 562 588 1.001 492

2008 607 635 1.059 537

2009 658 688 1.123 588

2010 714 744 1.205 643

Year Value (R$)**

2007 146.800.175.769 95.668.152.362 46.176.354.602 35.168.735.093

2008 175.068.614.717 115.670.309.869 55.095.732.289 42.555.566.704

2009 199.046.918.923 132.822.927.847 62.032.147.928 48.799.784.899

2010 223.429.749.152 149.678.376.131 69.450.363.247 54.973.522.497

Source: BEPS (2007 – 2010)
* Nominal values to December of the respective year
** Nominal values consolidated by year (Current values) 
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 Table 1 shows the importance of the retirement benefits and survivors 
benefits in relation to the total benefits paid by the RGPS (excluding social 
assistance benefits). The retirement benefits account for about 2/3 of the 
benefits paid by the RGPS, in both total value and quantity. Survivors 
benefits are about 1/4 of the expenditure of the RGPS. It is important to 
note that ATC beneficiaries represent only 18% of the beneficiaries of 
all retirees, but the amount spent with these participants is about 30%  
of the total spent on pensions. This can be justified by the higher average 
value of the ATC benefit compared to other benefits, which are close to 
the value of the pension floor, the current minimum salary at the time of 
granting the benefit.

 The existence of benevolent rules, such as those that maintain the 
full value of the benefit to dependents in case of survivors benefits, 
excessively burdens the pension system. Academic literature discusses 
this theme, as in GIAMBIAGI and AFONSO (2009), which projects the 
flow of contributions and benefits, although without taking account of 
biometric variables associated with the pension system, such as the 
probabilities of death and disability. Also, AFONSO and LIMA (2011), 
which models the ATC benefits by the use of actuarial mathematics and 
from this estimates some important factors for pension systems. In spite 
of the studies cited, AFONSO and LIMA (2011) reinforce the notion of 
the reduced number of papers that incorporate actuarial concepts.

 In view of the relevance of the RGPS survivors benefits and the scarcity 
of academic papers on the subject, the main objective of this study is to 
calculate the contribution rate required for the survivors benefits, utilizing 
actuarial mathematics modelling. The calculations will be performed 
for two family arrangements (including the existence of spouses and 
children) and various initial incomes, age of first contribution and age 
difference between spouses. 

 This study has four more sections in addition to this brief introduction.  
The second section presents an overview of survivors benefits in Brazil 
and in other countries. The methodology used in the calculations is 
exposed in the third section. The fourth section gives the results obtained. 
Finally, the fifth and last section draws some conclusions.

2. Survivors Despite recent reforms, the rules for the granting of RGPS benefits 
Benefits are not in line with the practices of many other countries. In view of 
in Brazil and the disparity in the rules between the Brazilian pension system and 
other Countries other countries, ROCHA and CAETANO (2008) outline the major 

differences between the rules applied to Brazilian social security and 
those practiced in other countries. In Table 2, the main rules for the 
granting of ATC and survivors benefits of RGPS are presented, and 
similar benefits provided in countries that share similar economic  
and demographic characteristics of those in Brazil.
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 It can be seen that the rules for ATC and, especially, survivors benefits in 
Brazil differ significantly from other countries shown. Mexico and India do 
not differentiate men and women with regard to the minimum retirement 
age. In Russia, there are restrictions on the spouse receiving pensions. 
Two other important points should be noted: the first is the fact that in 
Brazil the reversion to beneficiaries is always 100%, regardless of age 
and number of dependents. The second is that there is no minimum 
retirement age, which does not occur in other countries.

Table 2 – Summary of ATC and Survivors benefits in Brazil and countries with similar economic 
characteristics

Country Dependency 
ratio

Minimum 
Age (years)

Minimum 
Contribution 

Period
Reversion Restriction to 

Remarriage

Brazil 12 N/A
35 yr. man/

30 yr. women

100% (the pension is divided equally 
among the beneficiaries; children up 
to 21 years).

No

India 9 58 10 years

50% to the widow(er) + 25% for each 
child under 25 years (max 2 children). 
75% of the benefit of the widow(er) 
for orphans of father and mother.

Yes

Mexico 12 65 1.250 weeks

90% to the spouse + 20% for each 
child under 16 (25 for student). 30% 
if orphaned of father and mother. 
Maximum of 100% for disability.

Yes

Russia 19
60 men/ 

55 women
5 years

Widow must be at least 55 years old, 
widower 60, or be unemployed and 
have child under 14 years. Children 
receive until 18 years  
(25, if student).
Made up of 2 components: flat-rate 
benefit by age group + notional 
benefit. Equal distribution among the 
dependents.

No

Source: Adapted from Social Security Administration and UN (Department of Economic and Social Affairs)

 An analysis of relevant literature provides evidence of the need to 
adjust the Brazilian retirement system, in order to bring it in line with the 
standards adopted worldwide. Changes that incorporate demographic 
trends, such as increased life expectancy, ageing population, changing 
family arrangement that have occurred or are yet to happen in Brazil 
are cited in articles by DELGADO, QUERINO, RANGEL and STIVALI 
(2006), and CAMARANO and KANSO (2007).
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3. Methodology In the early part of this section, the principle rules of the RGPS for granting 
ATC and survivors benefits of the INSS are presented. Based on this 
legal framework, a simple actuarial model has been constructed, which 
aims to represent the scheduled benefits listed above. The next step is 
the actuarial model.

3.1 Basic Rules The RGPS rules have only one condition of eligibility for ATC benefits:  
of the RGPS  proof of at least 35 years of contribution (men) and 30 (women). There is
(ATC and  no minimum age for receipt of ATC. A characteristic of the RGPS, which
Survivors still does not have effective use in this study, must also be highlighted: 
Benefits) the insured worker does not have to quit his job to request receipt of this 

benefit. 

 Upon the death of the insured worker, the payment of benefits is made 
to his dependants. There is no minimum time requirement of the holder’s 
contribution to the INSS for the dependents entitlement to receive a 
pension; it is sufficient that the worker is insured by the RGPS, as a 
contributor or beneficiary, at the time of his death. If there is more than one 
pensioner, the survivors benefit is divided equally among all those eligible. 
When there is a cessation of the benefit to a pensioner, his portion will 
be reverted in favour of other beneficiaries. The individual quota shall 
cease to be payable in the event of the death of the pensioner, and in 
the case of son or brother being emancipated (even though invalid), or 
on completion of 21 years. Brothers and sons are pensioners for life if 
they are deem invalids.

3.2 RGPS: The RGPS, like the overwhelming majority of pension schemes in the 
organisation,  world, works on a pay-as-you-go regime. Thus, the Total Value of
contributions  the Benefits (VTBt) paid during the period t should be funded by the Total
and benefits Value of Contributions (VTCt) from the contributions of the participants 

active in the same period t. In a balanced pension system there must be 
equilibrium between these variables (VTCt = VTBt). This is the classic 
situation for a distribution regime in financial stability. Eventually there 
may be situations of imbalance between these variables. If the benefits 
are greater than the contributions, there is a pension deficit. Otherwise, 
there is a surplus. This is typical of Trust Funds in the United States.  
For more details see, for example, OSHIO (2004). All retirement regimes 
are characterized by a particular set of contribution rules, eligibility and 
establishment of the benefit value, which are presented below, in case 
of RGPS.
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3.2.1 Contributions In the case of private sector workers, contributions to the RGPS are 
made by employees and their employers1. In the latter case, a rate 
of 20% on the gross income of the employee2. For workers, there are 
three rates of contribution, depending on the worker’s monthly income. 
It should be noted that for the employee there is a ceiling (cap) on the 
rate of contribution. I.e. the deduction taken from the monthly wage 
cannot exceed the maximum rate multiplied by the earnings ceiling 
for Contribution Wage, even though the employee has a higher salary.  
This way, the Contribution Wage W is equal to the employee’s gross 
income, up to the maximum limit given in Table 3, which shows the 
employee contribution rates, valid from July 1, 2011.

Table 3 – Employee contribution rates

Monthly Wage (R$) Contribution Rate (%)

W ≤ 1.107,52 8

1.107,53 ≤ W ≤ 1.845,87 9

1.845,88 ≤ W ≤ 3.691,74 11

Source: INSS (Portaria nº 407, 14/07/2011) 

 In Equation 1 it follows that the contribution of each worker is formed 
by multiplying the Contribution Wage by the rate levied on the employer 
aemployer, added to the multiplication of the Contribution Wage of the 
participant (given that this does not exceed the ceiling of the INSS) by 
the employee’s rate, aemployee.

 
  (1)

3.2.2 Benefits According to the eligibility criteria in force, in order to retire and start 
receiving the ATC, the participant will have the value of their benefit 
calculated in accordance with the RGPS rules. After the reforms made 
by the Government of Fernando Henrique Cardoso, the Benefit Wage 
(SB) (term used to designate the amount of the benefit) of the insured 
worker has been calculated based on two terms (equation 2). The first 
of these is the average of 80% of the highest contribution salaries, 
named M. The second is the Retirement Factor (f). The incorporation 
of the factor into the calculation of the value of the benefit has the aim 
of encouraging participants to retire after contributing longer and at an 
older age. The calculation of the factor (equation 3) takes into account 
the length of contribution, TC, the survival expectation, ES, and the age, 
Id, of the participant on the date of retirement, in addition to the rate of 
contribution, a, constant at 0.31. The value of the pension for survivors 

1 In the case of self-employed, the rules are distinct, since there is no employer. This case will not be analyzed in 
this article.
2 For workers in the financial sector, there is an over-rate of 2.5%. These workers are also not the object of this 
article.
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benefits in RGPS is equal to 100% of the value of the ATC benefit, i.e. 
the survivors benefits have equal value to the pension from which it 
originated.

 
 Sb = f × M (2)

 
 f  (3)

3.3 Flow of  Social security systems such as the RGPS can be represented
Contributions  graphically, in a simplified form, by cash flows of contributions and
and Benefits benefits. Contributions are, as defined previously, calculated based on 

the Contribution Wage W of the active participant and have as a future 
counterpart the benefits, which are periodic payments received by those 
who have retired, or by their beneficiaries in the event of the death of the 
policyholder.

 The model can be exemplified through an individual representation. 
For the calculation, this study shall consider a fixed family arrangement 
composed of a couple with two children. In this case the head of 
household is aged x, the spouse is at age y and children are at ages w 
and z. 

 It is considered that the insured worker starts contributing at the age 
x. The commencement of the ATC receipt occurs on his retirement, at 
age x+r. The ATC, with value Bw+ω shall be paid until the death of the 
participant, at age x+ω. If the participant still has eligible dependents 
on the date of his death, they receive the survivors benefits Pw+ω+1 
from x+ω+1 (equation 7) until the end of their respective eligibilities. 
This occurs on death, in the case of the spouse or children under the 
age of 21, or when their children reach the age of majority for purposes 
of social security, that is, completing 21 years.

 Contributions and benefits of the RGPS are paid monthly. The graphical 
visualization of these flows shall be expressed in annual terms. For both 
the contributions and benefits there are 13 flows per year (equations 4 
and 6); in other words, during the contributory period, contributions are 
made including the 13th salary, and during the retirement period, 13 
benefits per year will be paid. It is assumed that the individual’s income 
grows at an annual rate is (equation 5). Figure 1 illustrates the model 
described above.

 Wx = W × 13 (4)

 Wx+s = Wx × (1 + is)s (5)

 Bx+r = Sb × 13 (6)

 Px+w+1 = Bx+w (7)



R. Bras. Risco e Seg., Rio de Janeiro, v. 11, n. 19, p. 1-24, abr. 2015/set. 2015 11

Diego Rojo Freire, Luis Eduardo Afonso

Figure 1 – Flow of Contributions and Benefits

Source: Authors’ own elaboration

3.4 Actuarial The study uses the concepts of actuarial mathematics initially to calculate
Model the values of W, C, B and P for certain moments in time. In a second 

step, the required contribution rates are calculated. To this end, the model 
uses the financial discount vt arising from the interest rate i, and the 
biometric discount factor, which includes the probability of the individual 
dying in each moment in time. In actuarial modelling, that is a standard 
terminology that is used internationally (JORDAN, 1991) which facilitates 
interpretation and visualization of calculations, especially when there are 
several individuals involved in the same calculation, as in this study – a 
family arrangement consisting of four people.

 The basic difference of actuarial models when compared to the strictly 
financial models is the use of a biometric factor. Biometric factor makes 
the present value of the contributions lower (in relation to the financial 
model) by the fact that individuals can die during the active phase. To get 
the Actuarial Present Value, one must multiply the financially discounted 
nominal value by the probability of the individual being alive during the 
analysis period. The same procedure is done with the benefits, in an even 
greater magnitude, given that in more advanced ages the probability of 
the individual being alive each year is lower compared to younger ages.

Contribution Period

Receipt of ATC Receipt of Survivors
Benefits

...

...

...
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 The main concept of actuarial mathematics used in the model is the 
annuity, which consists of calculating the present value of a flow of 
payments (or receipts) for a monetary unit paid (or received) at the 
beginning of each year. This term is represented by äx, x being the age 
of the participant. This lifetime annuity due is the representation of a 
sum of financially and biometrically discounted values in each period t, 
given by equation 8, the term vt being given by equation 9 and the term 
tpx expressed by equation 10. In other words, it is the present value 
weighted by the discount rate i and the probability of survival from age 
x to age x+t, t px (JORDAN, 1991).

  (8)

          
 (9)

 
        

 (10)

 The annuity concept presented above is the basis for various extensions, 
similar to equation 8, for the payment flows in the case of survival of at 
least one individual within a family arrangement. This is the case for 
RGPS pensions in which the benefit must be paid until death or end 
of eligibility of the last beneficiary. In this way, the Present Value of the 
Income (VPW) (equation 11) and the Present Value of the Contributions 
(VPC) (equation 12) are defined. Intuitively, these expressions represent 
the present values of the cash flows of income and contributions, from 
the time the insured worker starts to work, at age x, until the moment of 
retirement, aged x+r-1.

  (11)
 

  (12)

 The calculation of the Present Value of the Benefits VPB requires an 
elaboration that is somewhat more complex. This is because this flow 
does not terminate with the death of the insured, but must be extended 
to all the dependents of the policyholder, which in the present case are 
the spouse and two children. In this way, the probability of dependents 
receiving the benefit must be weighted by the probability of survival of the 
insured. To consider all the arrangements of survival, the probability of 
death of individuals from age x, until age x+t will also be used, represented 
by the term tqx, and which has as a complementary term the probability 
of survival from age x until x+t, represented by t px.
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 In this way, equation 13 uses an extension of the concept of annuities. 
In this equation, a lifetime annuity due paid until the last survivor of a 
group has died is represented by

 
. It is assumed that the receipt 

of the pension will continue until the death of the insured, regardless 
of survival or not of other individuals. After this, the dependents shall 
be entitled to receive survivors benefits if at least one of them is alive.  
The calculation should take into account that the children will be entitled 
to receive benefit until the age of 21 years. Therefore, when the death 
of spouse occurs after both children have reached 21 years, the benefit 
will have ceased.

  (13)

 Finally, the last step is the definition of two variables found widely in 
academic literature on social security. The Necessary Rate AN (equation 
14) is the theoretical rate that should be levied on the contributor, in such 
a way that the expected present value of the contributions were equal to 
the expected present value of the benefits. This variable, also called the 
actuarially fair rate, appears, inter alia, in the work of Veall (1986) and 
Queisser and Whitehouse (2006). For a Latin American application see, 
for example, Forteza and Ouréns (2009). Similarly, the Effective Rate AE 
(equation 15) is defined, as the rate effectively applied to the contributor’s 
income. Note that if there was a single rate of social security contribution, 
without brackets, AE is obviously equal to this rate. However, in the case 
of Brazil, given the existence of different rate by income range, allied to 
the ceiling of the employee’s contribution, this does not occur.

          
 (14)

          
 (15)

3.5 Receiving The model used for the receipt of benefits for the family unit must reflect 
Benefits the rules of RGPS as explained in section 3.1. The insured worker will 

receive the lifelong pension after achieving eligibility for the ATC, and in 
case of death of the insured, the pension shall be apportioned equally 
among eligible dependents as survivors benefits. The study aims to 
obtain the VPB of ATC and survivors benefits, in order to get a comparison 
between the present value of each of these benefits with the VPC. For 
example, if three people in a family have the right to receive survivors 
benefits, from the point of view of RGPS regulation, there is no need to 
estimate the present value of the flow of payments for each individual 
in this family. One can simply calculate the total amount of benefit that 
these family members are entitled to.
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 The ranking of the receipt of benefits is performed with the use of a Venn 
diagram. The full payment of the benefit to only the oldest surviving 
individual is considered, rather than sharing the benefit equally between 
all survivors. For example, in case of the death of the contributor, X, and 
survival of the beneficiaries, Y, W and Z, the benefit payment will be 
considered fully for the individual Y – the eldest survivor – rather than 
paying 1/3 of the benefit to each dependent. This simplification makes 
the calculations simpler, but does not change substantially the results.

 Equations 16, 17 and 18 express the ranking process mentioned and 
were used for calculating the VPB. Equation 16 considers the probability 
of survival of the spouse Y, given the death of the insured X (indicated 
by X ). So, the probability of survival of Y minus the probability of both 
individuals X and Y being alive at the same time, regardless of whether 
individuals W and Z are alive or not. Equations 17 and 18 are presented in 
an analogous manner, where the first calculates the probability of survival 
of W subject to the death of X and Y, regardless of whether Z is alive or 
dead, and the second considers the probability of Z living after the death 
of all other individuals. Figure 2 illustrates how to model the ranking.

 
  (16)

 
  (17)

      
  
  
  (18)
 
 

Figure 2 – Ranking of Benefits

Source: Authors’ elaboration
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4. Results The results reported below were obtained by applying the methodology 
described above. For the calculation of various age scenarios with 
respect to the family composition, the IBGE-2009 mortality table was 
utilized because, in addition to being considered the one that best reflects 
the survival of Brazilian population, is also the table currently being used 
by the INSS for the Retirement Factor calculation. 

 The discount rate i was fixed at 3% per year. This value reflects the 
long-term trend of a falling real interest rate in the economy. The rate 
of growth in wage adopts the value of 2% per year. This value is based 
on the paper of GIAMBIAGI and AFONSO (2009), which estimates a 
growth rate of 1.97% per year for men of average education (completed 
high school). The family composition considered was a couple with two 
children. It should be pointed out that the genre of the children does not 
influence the results of the study since the mortality table used does 
not distinguish between men and women. The assumption was made 
that the first child was born at the date of the first contribution and the 
second child two years later.

4.1 Basic Before presenting the results for the family under consideration (couple 
Scenario:  with two children), we present the values of the Necessary Rate AN for
Single man, a single individual without children. For each age of initial contribution, 
no children the AN relating to different initial incomes was calculated, these being 

equivalent to 1, 3 and 5 minimum wages (SM), respectively. The results 
of the calculations are shown in Table 4. This is the basic scenario, which 
will serve as a basis for comparison with other family arrangements.

 In Table 4, it should be noted that if the start of contributions occurs 
between ages 20 and 27 years old, there is little variation in the 
Necessary Rate AN, regardless of initial income. After 28 years, the 
values are different for all three wage levels, nearly always decreasing 
with age and always being lower for individuals with higher income.
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Table 4 – Necessary Rate AN: Single man, no children

Initial Age
Initial Wage

Initial Age
Initial Wage

1 SM 3 SM 5 SM 1 SM 3 SM 5 SM
20 21,0% 21,0% 21,0% 43 21,1% 16,8% 10,1%

21 21,3% 21,3% 21,3% 44 20,7% 15,6% 9,4%

22 21,4% 21,4% 21,4% 45 20,2% 14,5% 8,7%

23 21,7% 21,7% 21,7% 46 19,6% 13,5% 8,1%

24 21,9% 21,9% 21,9% 47 19,2% 12,4% 7,5%

25 22,1% 22,1% 22,1% 48 18,3% 11,4% 6,9%

26 22,2% 22,2% 22,2% 49 17,7% 10,5% 6,3%

27 22,5% 22,5% 22,0% 50 17,1% 9,6% 5,8%

28 22,6% 22,6% 21,3% 51 16,4% 8,7% 5,2%

29 22,7% 22,7% 20,5% 52 15,7% 7,9% 4,7%

30 22,7% 22,7% 19,8% 53 14,9% 7,1% 4,3%

31 22,9% 22,9% 19,0% 54 14,2% 6,3% 3,8%

32 23,0% 23,0% 18,2% 55 13,5% 5,6% 3,4%

33 22,9% 22,9% 17,5% 56 12,6% 5,0% 3,0%

34 23,0% 23,0% 16,7% 57 11,9% 4,4% 2,6%

35 23,0% 23,0% 16,0% 58 11,0% 3,8% 2,3%

36 22,9% 22,9% 15,2% 59 9,7% 3,2% 1,9%

37 22,8% 22,8% 14,4% 60 8,2% 2,7% 1,6%

38 22,7% 22,7% 13,7% 61 6,9% 2,3% 1,4%

39 22,4% 21,6% 12,9% 62 5,6% 1,9% 1,1%

40 22,3% 20,3% 12,2% 63 4,6% 1,5% 0,9%

41 22,0% 19,1% 11,5% 64 3,6% 1,2% 0,7%

42 21,7% 17,9% 10,8% 65 2,8% 0,9% 0,6%

Source: Author’ calculations

 Several factors explain the pattern of the results found. The older the man 
starts contributing to the RGPS, the more advanced will be the age of 
ATC receipt. Consequently, the expected survival time from his retirement 
will be smaller, which is reflected in a shorter period of benefit receipt.  
In addition, the higher the age of commencement of receipt, the higher is 
the probability of death, and therefore the greater the biometric discount. 
In addition to receiving benefits for a shorter period of time, which makes 
the VPB lower compared to a younger individual, the AN of individuals 
with higher initial income is also lower because the SB will be limited to 
the current ceiling of RGPS, i.e. the VPW of the insured worker will be 
lower, causing the AN to also be smaller. As the values of AN are always 
lower for individuals with higher income, this is evidence of distributional 
aspects in a progressive sense in RGPS, which is consistent with the 
results obtained by GIAMBIAGI and AFONSO (2009).
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4.2 Couple with Once the results of the basic scenario are presented, the AN calculated
two children: values are reported for a couple with two children for which the age 
is the age  difference between men and women is low (less than or equal to 15 years).
difference  In accordance with the hypothesis made previously, the first child is born
between a man  at the date of the first contribution and the second child two years later.
and a woman  In this way, the situation of the first row of the table is where the first child
important? is born when man and woman are 20 years. The second child is born 

when both are 22 years. In the last row, the first child is born when the 
man is 55 years and women 40; the second child is born when man is 
57 and woman is 42 years. Table 5 presents the results for such family 
compositions.

Table 5 – Necessary Rate AN: Couple with children
Age Difference M-F: 0 to 15 years

Initial Age Initial Age 
Spouse

Age Diff. 
M-F

Initial Wage

1 SM 3 SM 5 SM

20 20 0 30,2% 30,2% 30,0%

25 20 5 34,9% 34,9% 34,7%

30 20 10 41,0% 41,0% 36,5%

35 20 15 48,8% 48,8% 37,7%

25 25 0 32,9% 32,9% 32,7%

30 25 5 38,2% 38,2% 34,1%

35 25 10 45,0% 45,0% 34,7%

40 25 15 53,4% 50,2% 36,8%

30 30 0 35,5% 35,5% 31,7%

35 30 5 41,3% 41,3% 31,8%

40 30 10 48,3% 45,5% 33,4%

45 30 15 55,9% 46,9% 36,8%

35 35 0 37,8% 37,8% 29,1%

40 35 5 43,5% 41,0% 30,0%

45 35 10 49,6% 41,6% 32,7%

50 35 15 56,8% 44,9% 38,0%

40 40 0 39,1% 36,8% 26,7%

45 40 5 43,8% 36,6% 28,7%

50 40 10 49,4% 39,0% 33,0%

55 40 15 57,4% 45,1% 40,7%

Source: Authors’ calculations
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 There are large changes compared to the values obtained for single men, 
as presented in Table 4. For a family, the AN does not necessarily decrease 
as the initial age of the participant increases. This can be explained by 
the RGPS rules, according to which, dependents (spouses and children) 
receive the benefit equal to 100% of the value of the participant’s pension 
when he dies. If the death of the insured occurs before his retirement, the 
amount of the benefit is equal to the actual average of 80% of the largest 
wages of the insured. The results show that the age difference between 
the participant and the spouse is a preponderant factor: the younger the 
spouse, the greater the period of receiving the benefit. As the period of 
receiving benefit is more extensive, as already pointed out earlier, there 
will be, therefore, an elevation of the VPB, which leads to an increase in 
the AN. The large increase in the Necessary Rate is notable. In the case 
of a single 25-year-old man (Table 4), the value of the AN is 0.22. For a 
man of the same age, with a spouse of the same age, the value of AN 
goes up to 0.33, i.e. an increase of 50% in the rate. The values are even 
higher for couples who have children later, because the likelihood of death 
increases significantly with age.

 The final set of results is presented in Table 6. In this case, the age 
difference between spouses is large (greater than or equal to 20 
years). This type of family arrangement has grown over the years 
and can potentially have, in the long term, significant impact on the 
pension system3. The results found in an alternative scenario of family 
arrangement are set out in Table 6.

Table 6 – Necessary Rate for Family – Age Difference M-F: 20 to 35 years

Initial Age Initial Age
Spouse

Age Diff.
M-F

Monthly Wage

1 MS 3 MS 5 MS

40 20 20 58,4% 55,0% 40,2%

45 20 25 68,4% 57,3% 44,8%

50 20 30 79,5% 62,3% 52,1%

55 20 35 92,9% 71,0% 63,2%

45 25 20 62,2% 52,2% 40,9%

50 25 25 72,1% 56,7% 47,7%

55 25 30 84,5% 65,0% 58,1%

60 25 35 95,3% 78,1% 73,2%

50 30 20 64,5% 50,9% 42,9%

55 30 25 75,5% 58,6% 52,6%

60 30 30 85,8% 71,0% 66,8%

65 30 35 96,7% 89,8% 87,2%

3 On this point, see “Young widow effect surprises the INSS” published in the newspaper Folha de S. Paulo on 
11/04/2010.
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Initial Age Initial Age
Spouse

Age Diff.
M-F

Monthly Wage

1 MS 3 MS 5 MS

55 35 20 66,4% 51,9% 46,8%

60 35 25 75,8% 63,4% 59,9%

65 35 30 86,8% 81,1% 79,0%

70 35 35 108,3% 107,2% 106,0%

60 40 20 65,7% 55,5% 52,6%

65 40 25 76,4% 71,9% 70,2%

70 40 30 97,1% 96,2% 95,3%

75 40 35 129,4% 129,4% 128,8%

Source: author’ calculations

 The analysis of Table 6 is similar to Table 5, and confirms the significant 
increase in the AN as the age difference between the holder and spouse 
rises. In cases where the age difference between spouses is 20 years, 
the Necessary Rate exceeds 40%, much higher than the value that exists 
today. In the case of a 65-year-old man who marries a woman of 35, 
the rate reaches over 80%, which clearly is unfeasible and impossible 
for adoption by the Ministry of Social Security. This is a cause of great 
concern, since such family arrangements have grown enormously in 
recent years. It is also strong evidence that the rules of RGPS regarding 
granting, value and duration of pensions need to be changed.

4.3 The Difference For a family comprising a couple and two children, the age of the insured 
between Necessary does not seem to influence the AN as much as in the case of unmarried 
Rate and Effective Rate individuals. In this case, the dominant factor will be the age difference 

between the insured and spouse. In view of this fact, Graph 1 presents 
the relationship between the Effective Rate AE, the Necessary Rate AN 
and the age difference between spouses. Considered initially, both the 
man and the woman are 18 years old on commencement of contributions, 
the same date on which the first son is born; the second son is born 
two years later in the same hypothesis adopted previously. Therefore, the 
age of the wife is kept constant, progressively increasing the age of  
the man, which widens the age difference between the spouses until the 
initial age of the man, is 74 years (and the difference, 56 years).
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Graph 1 – Relation Between Necessary Rate and Effective Rate and age difference M-F

Source: authors’ calculations

 It can be seen that the AN increases throughout the range, with higher 
growth rate after 40 years difference, while the AE always remains 
constant4. The difference revealed between the AN and AE is a factor 
which highlights one of the causes of financial imbalance of RGPS, since 
it considers the AE as almost constant for any age difference between 
the insured and the spouse, and in order to provide balance it would be 
recommended to raise the AE to the level of the AN, given the prevailing 
rules for ATC and survivors benefits. With the current rules and the 
rates shown in Graph 1, it could be inferred that the amount collected 
by the INSS is insufficient to pay to contributors and their dependents 
the benefits to which they are entitled when the age difference between 
the holder and the spouse is more than 5 years.

 As noted earlier, family arrangements with a large age difference 
between the couple are becoming increasingly common, which can 
negatively impact the RGPS, because the AN increases significantly 
after a difference of 30 years and could, hypothetically, exceed 100% 
of the SB as revealed in Graph 1, while AE remains the same for any 
difference.

4 The value of the AE is constant, because in its calculation only the value of the contributions and the income of 
the insured are used, which is independent of family arrangements and the receipt of benefits.
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5. Final  The utilization of a pension model that is based on actuarial mathematics
Considerations shows that the rates of contribution to the RGPS are sufficient to pay 

the ATC benefits to contributors, but clearly insufficient to pay survivors 
benefits to the dependents. This scenario is particularly worse the greater 
the age difference between spouses.

 Some important points can be discussed from this result. The first of 
them are the high rates of effective contribution that would be needed 
to pay for survivors benefits. Such rates would be clearly impractical, 
from both the political perspective and that of the labour market, due to 
the effects they would have on the labour costs of Brazilian companies. 
This is a sign of the benevolence of the RGPS rules, which permit full 
and lifelong benefits for the participants’ spouses without any restriction 
with regard to the age and/or socio-economic condition of the dependant. 
Add to this the fact that there is an aging population in a process that 
could lead to the number of individuals in the receiving phase greater 
than those in contribution phase.

 The need for social security reform indicated in several studies, such as 
GIAMBIAGI and AFONSO (2009) and TAFNER and GIAMBIAGI (2007), 
also reveals doubts about the direction of the reform, that is, it questions 
what would be the most efficient solution and, at the same time, politically, 
economically and socially viable given that various alternatives can be 
discussed. Within the context of reform, this study may serve as an aid for 
public policy makers, because it presents the calculation of a quantitative 
indicator, the Necessary Rate AN for various family arrangements, which 
is important for studies and reform alternatives.

 Following on from the work of AFONSO and LIMA (2011), expanding 
the actuarial model for survivors benefits of RGPS, this study allows 
the evaluation of suggestions for new works, from the point at which 
limitations are encountered. One of the suggestions is to rethink urgently 
the rules of granting, calculating the value, and eligibility for survivors 
benefits in RGPS, under risk of an increasing deficit of the INSS, given the 
increase in new family arrangements, especially marriages with a large 
age difference between spouses. In this way, the information presented 
in Table 2 is confirmed by the results reported: the difference in rules 
between Brazil and other countries is an evidence that the first point of 
a social security reform must be a change in the pensions system.
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