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ABSTRACT

RESUMO

Objective: this article proposes the meta atuarial consistente (MAC)
(consistent actuarial rate), which is a method that adjusts incompatible
actuarial rates in pension funds, after investigating and proving that the
rate dissociates from the general rule in current regulations (which binds
this rate to the expected return of the investments of pension funds).
Methodology: a sample with data from 22 defined-benefit plans was
collected, and MAC was applied to produce consistent actuarial rates,
after panel data methods have identified the elements that influence the
definition of the actuarial rate by the pension fund board of trustees.
Results: the use of MAC, adjusting actuarial rates of 2018 based on
systematic biases in previous rates, enabled a positive effect that unfolds
in more reliable estimates for the plans’ mathematical provision, while
identifying elements that influence the determination of the annual rate,
causing its non-compliance to the general rule. Conclusion: the adoption
of MAC by the Brazilian supervisory authority Previc would improve
the rules and provide subsidies to better adjust the contribution levels
practiced in the plans, making their solvency levels more reliable, which
would benefit the development of the insurance and pension market.

Objetivo: viabilizar a proposição de um novo método, a Meta Atuarial
Consistente (MAC), que evita, ajustando-as, metas atuariais incompatíveis
nos fundos de pensão, após investigar e comprovar, na pesquisa, que a meta
dissocia-se da regra geral dos normativos vigentes, que adere essa meta à
expectativa de rentabilidade dos investimentos do plano de previdência.
Metodologia: foi elaborada uma amostra contendo dados de 22 planos BD,
onde aplicou-se a MAC depois de os métodos de dados em painel identificarem
os elementos que influenciam a definição da meta atuarial ocorrida no conselho
deliberativo dos respectivos fundos de pensão. Resultados: a utilização da
MAC, adequando as metas atuariais de 2018 a partir dos vieses sistemáticos
ocorridos nas metas anteriores, possibilitou um efeito positivo que se desdobra
em estimativas mais fidedignas para as provisões matemáticas dos planos, ao
mesmo tempo que identificou elementos que influenciam na determinação do
valor da meta anual, provocando sua não aderência à regra geral da legislação.
Conclusões: a adoção da MAC pela Previc aperfeiçoaria o regramento e
forneceria subsídios para melhor adequar os níveis de contribuição praticados
nos planos, tornando mais fidedignos seus níveis de solvência, o que beneficiaria
o desenvolvimento do mercado de seguros e de previdência.

Keywords: actuarial interest rate; pension funds; panel data; insurance and
pension market; social security legislation.
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INTRODUCTION
This article proposes a method to adjust the actuarial
interest rate of defined-benefit pension plans (DB) to the
general rule provided by current legislation, the consistent
actuarial interest rate (MAC). Since 2013, there are
indications that the actuarial rate defined annually in
pension funds was dissociated from the future returns on
their assets. In 2018, 73.4% of pension fund portfolios were
allocated in fixed income and 18.5% in variable income
investment (Associação Brasileira das Entidades Fechadas
de Previdência Complementar [ABRAPP], 2018). For
Giambiagi and Afonso (2009), Leal and Mendes (2010)
and Pereira (2013), the global trend of lower interest rates
would reach the Brazilian market, affecting the return of
federal government bonds and, consequently, pension
funds that used, until 2012, rates equal to or very close to
6% per annum. Even before the trend pointed out by the
authors, Mesa-Lago (2006) warned that the high rates of
return on government bonds would not last forever due to
the risk of default.
The method proposed in this study adjusts actuarial
rates not aligned with the expected return on the pension
funds’ assets after identifying elements that determined
the choice of the pension funds’ actuarial rate in a specific
period. The method emerged unexpectedly during research
using methods of regression in panel data (Fávero, 2013;
Marques, 2000) and models of fixed effects applied to
historical data from 22 pension plans, a sample drawn from
the population of 266 DB plans managed by Brazilian
pension funds. The regressions identified the elements that
contribute to the choice, ex-ante, of actuarial rates that
will prove to be far from the average returns observed expost. MAC makes it possible to adjust the current process
of defining the actuarial rate of pension funds — which,
according to the research findings, is far from the parameters
determined by current legislation. Inaccurate rates result
in future contributions (from participants and sponsors)
not aligned with the plans’ promised benefits. Thus, this
research’s theoretical contribution lies in the results of the
regressions and the adoption of MAC, reducing possible
non-adherence of the rates to the returns of the pension
funds’ financial assets.
This study particularly refers to two research works.
First, Santana and Costa (2017) proposed a case study with
two approaches to determine the actuarial rate from the data
produced in the actuarial valuation of a DB plan. The rate
is initially based on the plan’s investment portfolio, future
return assumptions, and a government bond portfolio with
Brazilian federal funds rate forecasts (Selic) obtained in a
previous study conducted in 2006. The other approach
adopted by Santana and Costa (2017) in their case study
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was similar to approaches defended by Chapman, Gordon
and Speed (2001) and Novy-Marx (2015), based on a lowrisk portfolio.
The second research referred to in this study is
Silva, Malaquias and Rech (2020). The authors identified
variables that affected returns (represented by the Sharpe
ratio) of the portfolios of 310 national pension funds
between 2011 and 2018. The assessed return was explained
by the administrative fees, fund assets (when the model
does not present the rates), the fund’s age, and risk and
stock diversification indices. Despite the similarities that
justify the particular reference to Santana and Costa (2017)
and Silva et al. (2020), these studies differ from our research
due to some limitations. In the case of Santana and Costa
(2017), the study is restricted to a single plan and to a set
of assumptions based on rules in force before the current
regulations. As for Silva et al. (2020), the authors explain
the pension funds’ past returns, which, in our view, are far
from the defined actuarial rates.
Therefore, as far as we know, this is an innovative
research with no similar study published in national or
international journals. Its originality lies, firstly, in the
fact that we carried out a longitudinal analysis applied to
a wide range of data from DB plans sponsored by relevant
companies and state-owned enterprises and identified, via
panel data methods, factors that influenced the definition
of the actuarial rate characteristic of the time frame of the
sample. In addition, a decisive contribution of the research
is the methodology proposed, MAC, which smoothly
calibrates the rates defined in the plans to the complex
Brazilian legislation, using deviations calculated among
previous rates and returns.
It is worthwhile stressing the social character of
pension funds, which is correlated with determining the
actuarial rates. Achieving (and preferably surpassing) the
desired rate of return is crucial to ensure the benefits a DB
plan offers to its participants, who have entrusted their
savings, via contract, to the so-called entidades fechadas de
previdência complementar (EFPC) (‘closed’ complementary
pension funds are pension funds established by and to
serve a particular group — related to an employer, for
example). The EFPCs are considered institutional investors
capable of providing post-employment financial protection
consistent with the contributions made to the plan (Alda,
2018; Binswanger & Schunk, 2012; Martins-Costa, 2005).
In our view, MAC will offer solid bases for the payments
of pension benefits to participants of plans managed by
entities in a sector that has financial assets equivalent to
13.2% of the Brazilian GDP (ABRAPP, 2018).
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CONTEXTUALIZATION OF THE RESEARCH
The importance of the actuarial interest
rate
Insurance companies and pension entities depend
on a discount rate to price premiums, contributions, and
benefits intended to cover the products offered. This article
uses the term actuarial rate, which is how this rate is known
for pension funds. It seeks to reproduce the expected return
on the investments made with the pension fund’s assets
designated to cover the plan’s benefits. It can be considered
a rate that balances benefit payment cash flows to the plan’s
assets. If the rate rises, the present value of the benefit
flows drops, and it is possible to reduce the costing plan
level or increase the level of benefits. If the rate drops, the
present value of the flows rises, which may imply higher
contributions or lower benefits. It is common to establish
a hypothesis of a constant actuarial rate; however, it is a
particular case of a more general hypothesis varying, in a
curve, the rate over time.

The rate is a relevant economic premise of pension
plans, defined by the funds’ board. Defining this rate is one
of the most relevant roles of the pension funds’ conselho
deliberativo (board of trustees) because the contribution
rates and level of benefits depend on this rate gravitating the
average of the future return on the plan’s assets. A suitable
rate offers transparency to the plan’s financial health,
allowing a reliable comparison of the assets’ capacity to cover
the benefits with the mathematical (or actuarial) provisions
— the sum of the present value of future benefits. Thus, an
actuarial liability is estimated against the assets, resulting in
a deficit (insufficient assets to pay future benefits), technical
balance, or surplus (assets exceed what is necessary to pay
benefits). Deficits or surpluses are resolved respectively two
and three periods after the occurrence if the rules and limits
defined in CNPC Resolution 30, of October 10, 2018
(Resolução 30) expired.
Thus, DB plans imbalances and their respective
equalization are necessarily reflected in the financial
statements of pension funds and sponsors. Table 1 shows the
total annual variable contribution (VC) plans, DB plans,
and defined contribution plans from 2010 to 2018, divided
by deficit or surplus (ABRAPP, 2018).

Table 1. EFPC pension plans in deficit or surplus per year.
Situation

2010

2011

2012

2013

2014

2015

2016

2017

2018

Deficit

121

153

111

257

237

239

205

193

199

Surplus

580

550

516

402

417

398

438

437

415

In 2018, 199 plans presented a deficit, possibly
with uncalibrated actuarial rates. This situation indicates a
difficulty for pension funds in estimating a rate consistent
with the financial performance of the plan’s assets. Between
2012 and 2013, the number of pension plans in deficit more
than doubled, while those presenting surplus plans reduced
by almost ¼. The deficit and surpluses leading causes are the
difference between the actuarial rate and the effective return
on the fund’s assets over time. Secondarily, other biometric
and economic hypotheses also produce imbalances, but to a
much lesser degree. The works of Silva, Chan and Martins
(2007) and Sousa and Costa (2015) are consistent with our
perceptions. Azambuja and Campani (2019) conducted a
sensitivity analysis in the actuarial rate, changing it from
4.5% to 5.5%. The authors found reductions between 6%
and 9% in VC plans in a specific year. Levy (2011) indirectly
reinforces our conclusions by reporting that reductions of
1% and 1.4% in British interest rates in 2006 (2.8%) and
2009 (3.2%) resulted, the following year, in increases of 30%
and 37% (respectively) in the provisions of the four most
extensive government DB plans in the United Kingdom.
Although these last variations seem excessive to us — our

experience indicates that reductions of one point in rates of
5.5% increase provisions by up to 20% —, Levy's (2011)
finding can be relativized because such excessive variations
refer to provisions of data from distinct years. Therefore,
depending on the level of the actuarial rate, reductions that
seem negligible have the potential to affect mathematical
provisions significantly. Finally, we stress that the movement
of significant fluctuations in the Selic rate, mentioned
in Sartori (2015), persisted in 2020. Curiously, regarding
companies sponsoring DB plans, another norm is followed
to determine the actuarial rate (now the interest rate) in the
accounting provision of the net actuarial obligation (reduced
mathematical provisions of assets) of the sponsored plans. It
is considered the Statement 33 of the Brazilian Accounting
Practice Committee (CPC), which establishes a discount
interest rate corresponding to the returns of low-risk bonds
with a term of maturity aligned with the plan’s duration.
Fluctuations in this rate cause relevant changes in the
financial statements (Sartori, 2015). Recently (December
31, 2018), Petrobras (state-owned enterprise) recorded BRL
38.9 billion as a net actuarial obligation, while its sponsored
pension fund Petros recorded a deficit equivalent to BRL 8.4
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billion. In the state-owned enterprise’s financial statements,
the difference was detailed, highlighting the portion of
BRL 5.2 billion resulting from adopting a discount rate of
4.9% p.a., 0.8% lower than the 5.70% p.a. rate of Petros
(Petrobras, 2019). The MAC method proposed in this
study will make it possible to reduce this difference, making
obligations more transparent for the sponsors’ boards of
directors, fiscal committees, and auditing bodies.

Recent regulations and the pension
funds’ returns
Limited to 6% p.a. in 2012, the actuarial rate was
changed by Resolution MPS/CNPC 9, of November 29,
2012, which stipulated new limits with reductions of 0.25%,
between 2013 (5.75% p.a.) and 2018, when it would reach
4.5% p.a. At the time, long-term rates were set based on
short-term market histories, possibly causing false deficits in
the pension plans, judging by the total of plans presenting
deficits in 2013, as shown in Table 1.
However, the sharp drop in the performance of EFPC
investments in the 2013-2014 period due to the global
economic crisis resulted in Resolution MPS/CNPC 15, of
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November 19, 2014 (Resolução 15), which suspended the
ongoing linear reduction. An exception was introduced in
the definition of the actuarial rate, an alternative to the rule
that stated that the rate would correspond to the expected
value of the future return on the plan’s asset — considered
the general rule in this article. Furthermore, if the rate was
not adherent to the exception — a parameter interest rate
(parameter rate) obtained from averages of three years of
the forward interest rate structure (ETTJ) and located in
a predetermined interval (function of the duration of the
plan’s actuarial liability) —, the EFPC should present a
technical study proving the rate’s feasibility.
Consequently, we understand that there is now an
incentive for the EFPCs not to determine rates associated
with the expected performance of their assets but based on
limits calculated by the supervisory agency. Table 2 has some
of the parameter rates published in 2019 by the National
Superintendence of Complementary Pension (Previc). The
decision to use the parameter rate allows one to choose values
between 70% of this rate, its lower limit, and the rate plus
40 basis points, the upper limit. The sample has an average
of 9.7 years for the duration of DB plans in 2019, which
would allow the plan’s manager to choose an actuarial rate
based on the parameter rate of between 4.09% and 6.24%.

Table 2. Parameter rate and limits published in 2019.
Plan duration (years)

Parameter rate (% p.a.)

Lower limit (% p.a.)

Upper limit (% p.a.)

9.5

5.83

4.08

6.23

10.0

5.84

4.09

6.24

12.0

5.85

4.09

6.25

Note. Parameter rate and limits published in portaria n.º 300 (Ordinance 300) on April 30, 2019, at the Diário Oficial da União (Federal Official Gazette), ed. 82, p. 53.

Figure 1 reproduces data on the average returns on
the assets of EFPCs, excerpts obtained from the 2018 and
2019 consolidated statistical data of ABRAPP, in addition
to other information. The limit of 6% p.a. in effect in 2012
corresponded to a nominal rate of 12.6% (6% plus INPC
at 6.2%), located in the TMA/TJP*+INPC value of 2012.
TMA means maximum interest rate allowed until 2014, and
TJP represents the upper limit of the parameter rate for 2015
onward, with duration of 10 years.
The figures for the returns of EFPCs from 2013 to
2015 — a period where Resolutions 9 and 15 were in force
— demonstrate an unsatisfactory performance of the pension
funds’ financial assets. Nominal returns were, respectively,
3.3%, 7.1%, and 5.2%, due to the effects of the global crisis.
However, actuarial rates defined in this interval and previous
years, chosen based on the limits of TMA/TJP*+INPC,
did not capture these performances. Thus, the effect of the

financial crisis was felt only in the performance of financial
assets, possibly causing deficits to be resolved, but not in the
estimates of mathematical provisions.
The waiver of Resolution 15 and the limit of 5.75%
p.a. in 2013 allowed pension funds to choose actuarial
rates that were not aligned with what was happening in the
financial markets in 2013-2015. This condition resulted in
lower mathematical provisions than that calculated using
discount rates based on federal bonds available for trading at
that moment. Therefore, the deficits and possible solutions
that emerged would be higher if the rates had incorporated
the returns obtained during the financial crises. This same
reasoning is valid for rates defined before 2013. If they included
the significant reduction in returns observed between 2013
and 2015, post-equalization would be carried out, resulting in
more solid assets to face the crisis that began in 2013.
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631,5%

25,9%

584,6%

23,5%
21,5%

21,1%

500,5%

19,1%

17,6%

12,5%

12,9% 12,4%

11,5%

11,4%

15,4%

13,3%

12,9%
10,4%

9,0%

12,6% 11,6%

14,2%

12,1%
11,4%

14,6%

9,8%

13,6%

7,1%

12,3%
10,1%

8,9%

10,7%

5,2%
3,3%

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

-1,6%

Returns of EFPCs

TMA/TJP* + INPC

Accumulated returns

IMA-Geral accumulated

TMA/TJP accumulated

Figure 1. Comparative performance of the returns of EFPCs in the period 2004-2019.
Bars represent the average nominal returns of EFPCs compared to the limits for nominal actuarial rates. The curves show the
accumulated returns, the Brazilian benchmark rate IMA-Geral, and the limits of actuarial rates. All values include inflation. 8In
December 2019, the data represented the return of pension plans managed by 245 EFPCs. Source: Associação Brasileira das
Entidades Fechadas de Previdência Complementar [ABRAPP] (2019).

One of the effects of the mathematical provisions
not having reflected the reduced profitability from 2013
to 2015 is the approximation, after 2014, between
the curve of benchmark IMA-Geral accumulated —
Brazilian Association of Financial and Capital Market

Entities (Anbima) — and the curve of accumulated
returns (Figure 1). Figure 2 was prepared based on data
from Figure 1, referring to the period from 2012 to
2019, net of inflation, allowing a closer look at the assets’
performance.
60,3%
54,5%
9,3%

9,1%

8,6%

8,6%

7,5%

41,0%

6,6%

6,0%

6,7%

5,6%

5,5%

5,7%

6,5%

32,9%
6,0%

0,8%
2012

2013

2014

2015

2016

2017

2018

2019

-2,2%
Actual returns of EFPCs
TMA/TJP accumulated
Accumulated CDI rate

TMA/TJP
-5,4%

Actual returns accumulated
IMA-Geral

Figure 2. Comparative performance of the returns of EFPCs in the period 2012-2019.
Bars represent the average actual returns of EFPCs compared to the limits for actuarial rates according to the rules
(TMA/TJP). The curves allow comparing the Brazilian benchmark rates CDI and IMA-Geral (net of IPCA index of
inflation) to the values of accumulated returns and TMA/TJP (net of INPC index of inflation).
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It was possible to observe that the accumulated return
of the EFPCs was often below the IMA-Geral, surpassing
it only in 2013. As for the accumulated values, IMA-Geral
extrapolated by 33% (55% versus 41%) the returns of the
EFPCs. When comparing the returns to the benchmark
CDI rate, they surpassed it in 2012, 2013, and 2019. When
considering the accumulated values, the CDI rate was
surpassed by 25% (41% versus 33%). The average value of
the actual return of the EFPCs, net of the inflation (INPC),
corresponded to 4.5% p.a. in the interval shown in Figure
2, above the average CDI rate (3.6%) and below the average
IMA-Geral — usual benchmarks for fixed income (Lima,
2006). However, when looking at the curve corresponding
to the accumulated TMP/TJP values, it is clear that the
values of the parameter rate are not feasible, as they seem
to assume that the financial performance of EFPCs’
investments is not subject to market fluctuations. Resolution
30 unified regulations and presented rules already in place
for defining the actuarial rate in the EFPC. Its specific
changes maintained the responsibilities and obligations of
the governance bodies and the general rule that determined
the discount rate as the expected value of the future returns
of the plan’s assets. However, the ETTJ calculation interval
was changed from three to five years, aggravating a possible
use of the parameter rate originated from average daily
interest rates on federal government bonds indexed to the
inflation (IPCA) with a base date of April 1 (which will be
nine months out of date on December 31).

(actuarial statement provided at the end of the fiscal year)
from years 2013 to 2018, obtained in the website of access
to information (Superintendência Nacional de Previdência
Complementar [Previc], 2020). Complementary data were
retrieved from the Annual Information Reports (RAI) of
the EFPCs (available on their websites), allowing access
to 2019 information for some pension plans. The research
used data from 22 plans, managed by the EFPCs Petros,
Fachesf, Fundação Real Grandeza, Funcef, Eletrocee, Forluz,
Banesprev, Funcesp, Valia, Telos, Sistel, Previ, Funbep,
Usiminas, Centrus, Fundação Copel, Braslight, Previrb, and
Fundação Itaú Unibanco. The choice of plans combined the
ranking of the 15 largest (14 are in the sample) with another
seven pension fund plans, belonging to the group of the 25
funds with the most significant assets (ABRAPP, 2018).

Sample database

Table 3 shows part of the PBB and REG/Replan,
managed respectively by the EFPCs Centrus and Funcef,
administrators of plans of the Brazilian Central Bank and
the federal state-owned bank Caixa Econômica.

The research data were collected from the
Demonstração Atuarial de Encerramento do Exercício (DA)

The plans’ actuarial provisions totaled BRL 365
billion, while their assets reached BRL 364.6 billion
(64% of all DB plans in 2018). Other elements made up
the base: benefit inflation rates, parameter rates and their
limits, Ibovespa values, NTN-B bond rates, and the board
of trustees’ composition. The board members can influence
the definition of the actuarial rate, as indicated by Andonov,
Bauer and Cremers (2017), because it is expected that a
board member who retires will represent the interests of
beneficiaries instead of those of sponsors or active plan
members.

Table 3. Data from PBB and REG/Replan.
PBB — Centrus
Board members appointed/elected by:

Year

Actuarial
rate

Dur

Par/rate

Return

Provisions

Asset

SR

Participants

2013

4.0%

8.0

5.75%

-2.87%

3,353,044

4,800,974

1.4

2014

4.0%

8.4

5.07%

-2.06%

3,433,141

5,015,403

2015

4.5%

8.2

5.19%

0.68%

3,436,910

5,240,494

2016

4.5%

8.1

6.16%

10.31%

3,476,140

2017

4.5%

8.0

6.27%

6.73%

Sponsors

Beneficiaries

Active
members

1,404

3

3

-

1.5

1,450

4

2

-

1.5

1,419

3

3

-

5,099,284

1.5

1,378

3

3

-

3,381,290

5,179,000

1.5

1,331

3

3

-

2018

4.5%

7.8

5.99%

6.93%

3,306,601

5,190,708

1.6

1,295

2

4

-

Averages

4.3%

8.1

5.74%

3.3%

3,397,854

5,087,644

1.5

1,380

3

3

-

SD

0.26%

0.2

0.50%

5.44%

62,463

161,161

0.05

58

0.6

0.6

-

Coeff

6%

2.5%

8.8%

165%

1.8%

3.2%

3.5%

4.2%

21%

21%
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Table 3. Data from PBB and REG/Replan (Continued).
REG/Replan of Funcef
Board members appointed/elected by:

Year

Actuarial
rate

Dur

Par/rate

Return

Provisions

Asset

SR

Participants

2013

5.5%

13.5

5.75%

1.27%

44,850,735

41,709,336

0.9

2014

5.6%

14.0

5.27%

-1.99%

47,098,783

40,563,207

2015

5.6%

13.2

5.36%

-7.17%

51,095,967

38,835,508

2016

5.5%

13.4

6.22%

-1.66%

49,592,887

2017

4.5%

15.1

6.24%

10.44%

Sponsors

Beneficiaries

Active
members

63,575

3

2

1

0.9

63,343

3

2

1

0.8

63,110

3

2

1

37,296,713

0.8

64,240

3

2

1

47,857,628

41,528,278

0.9

66,473

3

2

1

2018

4.5%

13.7

5.97%

7.54%

49,439,052

44,427,168

0.9

62,807

3

2

1

Averages

5.2%

13.8

5.80%

1.4%

48,322,509

40,726,701

0.8

63,925

3

2

1

SD

0.55%

0.7

0.42%

6.54%

2,205,422

2,476,679

0.07

1,340

-

-

-

Coeff

10.6%

5%

7.2%

465%

4.6%

6.1%

8.7%

2.1%

-

-

-

Note. This table presents data from the PBB and REG/Replan. The Actuarial rate column shows the discount rate used to calculate plan provisions. Par/rate values correspond
to the parameter rate associated with the years of duration (Dur) or the limit of the actuarial rate. Return refers to the actual return on assets for the year. Provisions represent
amounts (in BRL thousand) of the plan’s mathematical provisions. Assets are represented in BRL thousand. SR represents the plan’s solvency ratio (ratio between assets and
provisions). Participants are the total plan members (beneficiaries and active members). The last columns correspond to the number of board members appointed or elected by
Sponsors, beneficiaries, and active members. The line ‘averages’ contains the simple averages of the annual data, while the lines SD and Coeff represent standard deviations and
coefficients of variation, respectively.

Table 3 shows stability in the actuarial rates, limited
to 4.5% p.a. of PBB, which is in extinction (there are
no active members) and surplus, as observed from the
solvency ratios (SR). REG/Replan, on the other hand, is a
deficit plan composed of active members and beneficiaries,
presenting actuarial rates that vary between 4.5% and
5.6% p.a.
The data presented shows that PBB has an average
actuarial rate 1% higher than the average return on its asset
(4.3% versus 3.3%) and well below the average parameter
rate for the period, 5.74%. The coefficient of variation
of the actuarial rate (6%), compared to the coefficient
regarding returns (165%, indicating heterogeneous data),
leads to the conclusion that the coefficients refer to different
samples. The same occurs when comparing the coefficients
of provisions (1.8%) and coefficient of returns. These facts
may indicate that the administrator Centrus chose not to
reduce its rates, thus avoiding possible equalization that
would affect participants and sponsors. Another possibility
is that the actuarial rate will avoid values allowed by the
parameter rates, which could give rise to the distribution
of financial surplus to participants and sponsors.
The information about REG/Regplan (Table 3)
suggests that the average actuarial rate is close to the average
of the parameter rates (5.8%) but far from the average
of the returns on assets (1.4%), which has a coefficient

of variation (6.1%) dissociated from the coefficient
of the actuarial rate (465%). A similar fact occurs with
the coefficient of asset variation (6.1%) regarding the
coefficient of returns. However, in this case, the coefficient
of asset variation is close to the coefficients of provisions
(4.6%) and parameter rate (7.2%). These phenomena
corroborate that the actuarial rate chosen by the Funcef ’s
board used the opportunity the regulation offered to
adopt the parameter rate, most likely due to the presence
of a persistent deficit due to low returns obtained, which
resulted in actuarial rates and provisions not achieved by
the returns on the plan’s asset. The definition of higher
rates in intervals of reduced returns suggests a repetition
of the phenomena found in Pennacchi and Rastad (2011),
who, between 2000 and 2009, identified that 125 US state
pension funds chose to buy more risk in asset portfolios
after periods of relatively poor investment performance.
Table 4 contains the base statistics, enabling a summarized
view of these values.
In turn, Figure 3 contains information that allows a
more detailed analysis about the average values, each year,
of the actuarial rate, the parameter rate corresponding to
the duration, return on assets, and expected return for that
year, defined in the pension funds, from the data found in
the DA or RAI.
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Table 4. Descriptive statistics of the main variables.
Period

2013-2018

Variable

Minimum

1st Quartile

Average

Median

3rd Quartile

Maximum

Standard
deviation

Coefficient of
variation

Actuarial rate

3.8%

4.5%

5.28%

5.5%

5.7%

10.7%

1.14%

22%

Duration

6.8

9.2

10.7

9.9

11.5

22

2.85

30%

Provision
(BRL million)

181.5

2,229

15,727

5,073

7,637

154,506

31,400

200%

Asset
(BRL million)

230

2,690

15,144

5,113

8,637

161,031

30,064

200%

Annual return

-14.4%

1.2%

4.4%

5.84%

7.91%

16.38%

6.48%

147%

Solvency ratio

0.62

0.92

1.07

1

1.21

1.69

0.21

19%

Parameter rate

5.04%

5.3%

5.78%

5.97%

6.2%

6.3%

0.42%

7.3%

Active plan
members

0

10

3,611

597

2,956

28,754

6,974

193%

Beneficiaries

16

3,670

15,171

6,878

12,280

100,397

22,079

145%

Note. Basic statistics are presented for the variables of the 22 DB plans, calculated for the period 2013 to 2018. The columns “1st Quartile” and “3rd Quartile” correspond to
the first and third quartiles of the values of each variable. The amounts related to provisions and equity are in millions of Brazilian Reais (BRL).

10,0%

9,5%

8,0%
6,0%
4,0%

3,7%

2,0%
0,0%
2013
-2,0%

2014

2015

2016

2017

2018

2019

-0,6%
-1,9%

Average actuarial rate

Average parameter rate

Average return obtained

Average expected return

Figure 3. Averages of actuarial rates, actual return obtained, parameter rates, and expected return in each period
for the 22 DB plans in the sample base.
The curves correspond to the averages of the values in the data of the plans researched. In 2019, the data referred to only nine of the 22 plans.
The expected average return corresponds to the actuarial rate in effect in the immediately preceding year. The benchmark rate for 2013 presents
the maximum value allowed of 5.75%. All values are net of inflation.

The performance of the average actuarial rates
observed in Figure 3 is almost identical to the curve of
average expected returns for the same interval, which
indicates a very low oscillation of the target between
subsequent years. The curve related to the parameter rates
is graphically more adherent to the curve of the rates in the

years 2013 to 2015, the interval in which the parameter
rate started to be gradually adopted by EFPCs. These
curves remained similar between 2016 and 2019, possibly
indicating greater adherence to the new methodology by
part of the EFPCs. When looking at the average values of
actual returns each year (the most sinuous curve), there are
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practically no similarities for the curves representing the
other averages. Therefore, it is unlikely to infer that the
actuarial rates are related to the returns on the plans’ assets
in the period presented.
In pension funds, the use of actuarial rates higher
than the rates of return on assets postpones potential
equalization of financial imbalances, which might appear
if the chosen rates were similar to the average values of the
future returns of the plan’s investment portfolio. Figure 3
shows that the averages for the actuarial rates, parameter
rates, and returns are, respectively, 5.26%, 5.78%, and
4.6% in the period. Therefore, the average return is
13% lower than the average rate adopted. According to
the supervisory authority Superintendência Nacional
de Previdência Complementar (Previc) (2019) in 304
DB plans, the average actuarial rates reached 5.30% p.a.
in 2018, similar to the average 5.36% calculated in the
research sample for the same year, reinforcing the database
relevance and representativeness.

THEORETICAL FRAMEWORK AND
EMPIRICAL LITERATURE
The literature on methods to estimate pension
plans’ actuarial rates, including alternative proposals, has
been, in general, descriptive and not very assertive. The
comprehensive literature gathered by the US Congress
agency Government Accountability Office (GAO) (2014)
stands out. The agency conducted extensive research on
the actuarial rate of pension plans in the US, Canada, the
Netherlands, and the UK. It adopted two main methods,
the assumed-return approach and the bond-based approach,
which are similar to the techniques used for Brazilian DB
plans: actuarial rates based on the future returns obtained
from the pension plan’s investment portfolio or based
on discount rates from average returns of government
bonds. Similarly, we structured this theoretical framework
and empirical literature section considering these two
approaches and including a third subsection gathering
studies using other methods.

Actuarial rate based on the returns of
the pension plan’s investment portfolio
GAO (2014) described the assumed-return
methodology as the specification of a rate associated with
the expected long-term performance of the investments in
the portfolio of the researched plans, comprising significant
portions of stocks and corporate bonds. According to the
organization, plans sponsored by state-owned enterprises,
government entities, or multi-sponsored entities use
assumed-return.

S. de Azambuja, C. H. Campani

The construction of the actuarial rate in the EFPC
ideally starts with the dynamic decision process made
possible by asset liability management (ALM) to estimate
annual returns on assets according to the portfolio’s
defined strategic allocation. The estimation will discount
the benefits of future long-term flows (30 years at least)
and net contributions, aiming to reflect the average of
these returns at a sufficiently high rate to support the
payment of future benefits (Bertucci, Souza, & Félix, 2006;
Haneveld, Streutker, & Van Der Vlerk, 2010; Santos &
Lima, 2019; Silva, Chan, & Martins, 2007). For Bertucci,
Souza and Félix (2006) and Corrêa (2018) after defining
the rate, it will direct the returns on the plan’s portfolio,
adjusting ALM to seek reduced actuarial and financial
risks. However, De La Peña, Garayeta and Iturriscastillo
(2017) warn that adjusting the initial portfolio that has
sought immunization with the cash flow matching method
adopted in some EFPCs could result in periods where the
available assets — transferable to cash — are insufficient to
pay the benefits.
After the ALM process, the methodology commonly
used is the internal rate of return (IRR), which allows
finding the pension funds’ actuarial rate by calculating an
IRR that composes a discount factor and adjusts to present
value flows of expenses with social security benefits or the
payment of amounts insured (Hansen & Miltersen, 2002).
The sum of these current flows corresponds to the asset of
a pension plan. In this context, Equation 1 is generic, and
its solution represents the actuarial rate θ. The equation is
solved computationally by the Newton-Raphson method.
A value of θ can be interpreted as a minimum annual
return on asset (p), which is sufficient to cover expenses
with benefits (FlowExpenBenefi ), considering net
contributions from participants and sponsors.
(1)

Historically, post-employment benefit accrual began
in 1956 in the US and in 1983 in Europe. However, until
the end of 2000, Brazilian companies registered benefits
on a cash basis (Silva, Tinoco, & Vieira, 2015). According
to Vittas (2010), financial assets were priced at book value
until 1960, influencing actuaries to use this model both
for plans’ assets and liabilities. With the change in this
practice, assets are currently evaluated at market value and
compared with liabilities for future expenses, discounted to
present value at a rate equivalent to the historical average
return on investments. At the start, this change generated
a conflict between the volatility of the assets’ market prices
— a short-term characteristic — and the nature of pension
liabilities, which is an important characteristic in the
medium and long term.
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Andonov et al. (2017) identified a more
discretionary US legislation for government pension
funds than the one regulating private funds, which
encourages managers to invest more in risky assets to
produce a higher actuarial rate due to legislation linking
the rate to the expected return on the plan’s asset. This
behavior is favorable to sponsors and participants as it
avoids communications to the market about the plan’s
inadequate financial conditions, which could lead to
a review of the cost, maximizing contributions, and
harmful exposure to public opinion or review of benefits.
The authors analyzed 863 entities, and their DB plans in
the US, Canada, the UK, and the Netherlands, between
1990 and 2012, with assets estimated at 29% of global
DB plan assets. The authors highlighted that the US
government pension funds exposed to risky assets (public
equity, alternative assets, and securities rating below BBB-)
have a higher level of underfunding per participant.
In the last years, the decline in interest rates in
the countries’ economies impacted the pension funds’
investment policy, which had to diversify their portfolios
to meet the actuarial target. Leal and Mendes (2010) had
already predicted that the reduction in rates observed
in other countries would also reach Brazil. The authors
researched the feasibility of investment allocation
strategies in multimarket funds compared to the usual
allocations of Brazilian funds, proving that there are
advantages in adopting investments in hedge-funds, a
standard method in foreign pension funds. The authors
concluded that this diversification would improve the
risk-return ratio, allowing for a smaller rebalancing of
the portfolio and making it possible to reach the then
actuarial rate limit with less risk.
Perhaps the big question in pension funds is the
choice between a pre-fixed rate — from a range of rates
defined in the rules — or a technically proposed rate,
representing the actual rate of return expected for the
plan’s equity. It seems logical to use the expected return
on assets as a rate, according to market parameters, but we
understand that there is the risk that the fund’s manager
remains in passive management after reaching the
established rate, avoiding unnecessary risking of assets,
which is a situation defended by Nese (2017). However,
if the actuarial rate is somehow limited, artificial deficits
may arise due to the underestimation of long-term
returns, which may represent, at first, the collection of
contribution levels above that necessary, withdrawing
resources from the participants and sponsors. It is not
ideal when the rate guides the pension plan’s investment
because there will be pressure for greater risk-taking. In
our view, the investment portfolio may be guided by
the actuarial rate as long as contributions and levels of
the plans are adequate to the country’s social security
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and fiscal situation. We explain: regular pensions in DB
plans before the age of 55 or with less than 35 years of
contribution are not tenable, while most of the population
contributing to the government social security (INSS)
will only retire after 60.

Actuarial rate estimated by the return
from low-risk corporate bonds
When the pension fund has a single sponsor that
is not a state-owned or public entity, the actuarial rate
is estimated using the bond-based methodology and its
variations (Government Accountability Office [GAO],
2014). Thus, the rate represents the corporate bonds
discount rates, whose terms correspond to the same
term expected for the benefits, with the possibility of
smoothing rate based on historical averages. A variation
of the bond-based approach calculates the rate based on
prospective government’s bond rates. A more complex
bond-based approach estimates an actuarial rate after
matching the credit quality of corporate bonds with the
risk of payment of promised benefits, which also includes
using historical municipal bonds yields and calculating
a specific actuarial target for solving deficits in the US
pension funds. The last variation of this approach is based
on the Pension Benefit Guaranty Corporation (PBGC), a
North American insurance agency that provides financial
assistance or termination of the plans. In the PBGC, bondbased produces a rate according to actuarial annuities
traded in a specific market with discount rates associated
with marked-to-market bonds, which immunize financial
and longevity risks.
In addition to the combination of ALM and IRR,
parametric and non-parametric models make up the
other methodologies used to estimate the actuarial rate
associated with the corporate bond yield. The results
produced in the models can often directly represent the
rate and serve as an input for the future returns of part
of the portfolio for ALM. Varga (2009) and Duarte,
Silva, Oliveira, Weffort and Chan (2015) researched
methods used by EFPCs in determining the rate, similar
to those adopted in applying the liability adequacy
test to technical provisions in the insurance market.
Such methods consist of modeling a future yield curve,
represented by the ETTJ, formed by a set of points in the
zero-coupon spot interest rate space, i(t), versus the term,
t, representing its maturity or duration. The relationship
between spot rates and durations produces unobservable
ETTJ conditions as it is unlikely to be built by simply
observing traded bonds. These situations are solved
by statistical models, parametric and non-parametric
(spline), which estimate these rates based on existing
durations. Parametric models produce a curve that
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provides the best description for the observed ETTJ yield
curve, resulting from economic theories of expectations,
market segmentation, and preference, even if the curve
produced does not meet all points of the real curve. Spline
methods seek the exact interpolation to generate the best
way to describe the observed rates, using polynomials
for sectioned interpolation applied to a set of points
formed by the interest rate and duration, or by the rate
and respective price of the security, producing a curve
that touches all points. The pension market frequently
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uses the Svensson parametric model, an extension of
the Nelson and Siegel model at the cost of being less
parsimonious (Caldeira, 2011). This model produces, for
a stipulated period, an intraday interest rate originated
from an ETTJ curve. This curve is built by parameters of
the model, based on market values of government bonds,
and published daily (Associação Brasileira das Entidades
dos Mercados Financeiro e de Capitais [Anbima], 2017).
This model is represented by Equation 2.
(2)

The first two coefficients are the level (β1) and
the inclination (β2), followed by the β3 and β4 curves,
while λ1 and λ2 are the discount rates weighted by the
previous curvatures to reach the maximum points. These
parameters are calibrated utilizing a process to minimize
errors between the prices observed in the market and
the prices calculated by the model. An alternative to
Svensson is the HJM model, cited in Kimura (2019),
which projects a forward rate curve based on the term
structure generated by stochastic processes.
Santana and Costa (2017) discounted 15-year
pension flows by the expected yield of a hypothetical
portfolio, consisting of government bonds under
negotiation, with future Selic rates obtained from
data published in 2006. However, the authors did not
verify whether the alternative produced adequate rates
according to the legislation, which is restricted since its
elaboration considers data from a single year, generated by
an invariant set of biometric and economic assumptions,
as well as using specific Selic projections.
We believe that the returns obtained by federal
bonds largely follow variations of the Selic rate, which
is altered by the Brazilian Central Bank to (among other
reasons) fight inflation or mitigate losses due to the
increase in country risk. In theory, a high Selic benefits
the pension fund’s returns, but it also affects aggregate
demand and domestic growth rates, generating more
significant economic problems (Attilio, 2020; Libânio,
2010).
Motta and Santoro (2003) and Silva, Drumond,
Silva, Pereira and Oliveira (2016) observed that DB plans
incur actuarial risk due to mismatching assumptions,
generating a difference between actuarial liabilities and
assets, and making the cost of benefits exceeding the
estimated (this is aggravated if investments yield less

than expected). Saad and Ribeiro (2004) addressed these
problems by immunizing a multi-sponsored pension
fund portfolio, adapting the plan’s ALM models to meet
future cash flows. The volatility of the discount rate is the
primary driver of the risks mentioned above. For Silva,
Tinoco and Vieira (2015) the law determines that part of
these risks fall on the DB plan sponsor.
For Chapman et al. (2001) there is an equivalence
between any cash flow and a corresponding asset.
Therefore, pension liabilities may be priced based on a
portfolio of low-risk bonds. Novy-Marx (2015) adheres
to this reasoning when defending that the principles of
financial economics support the need for the discount
rate to be as the expected rate of return of the hedge
portfolio, whose flows will correspond to the liabilities
flow. Reinforcing this line of thought, Bader and Gold
(2003) disagree with studies that advocate a discount rate
identical to the one that will make the assets grow in the
long run. They point out that this traditional approach
contradicts the financial theory because pension plan
assets and liabilities pose different risks and should not
be assessed in the same way. For the authors, the portfolio
could avoid Bicalho's (2018) findings, which observed
cumulative returns of EFPCs, between 2010 and 2015,
slightly below the CDI rate, with loss-making results on
average.
Between 2010 and 2012, the World Bank and the
supervisory authority Previc collaborated in building
risk-based supervision for EFPCs. It was the beginning of
the evolution of the regulations highlighted in this work,
establishing rules for actuarial rates associated with the
rates of bonds issued by the Brazilian Treasury. For the
World Bank (2012), Brazilian DB plans presented risks
related to the absence of governance that would oversee
the chosen assumptions, the independence of actuaries,
and the adoption of high rates. For the World Bank, as
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board members and managers of EFPCs are rarely held
responsible for assumptions, the evasion of responsibility
provides conflicts of interest in management and high
discretion in the board of trustees, allowing it to disregard
technically defined parameters. Double-digit historical
real returns allowed sufficient margins to absorb, or hide,
deviations in other assumptions when there was a 6%
threshold. This complacency made the boards resistant
to reductions in actuarial rates, despite the stabilization
of real interest rates on government bonds. The World
Bank (2012) concluded that risk-based supervision
would reduce problems by using discount rates that are
aligned with the expectations of the return on the plans’
investments, linked to the rates of short-, medium-, and
long-duration bonds.
We understand that the definition of an actuarial
rate of the bond-based type — based on the yields of
low-risk bonds, whether retrospective as made possible
by Resolution 30, or prospective, as advocated in
the literature presented — should be used as the last
management option in the case of pension funds’ assets.
The definition of these rates constitutes, in our analysis,
a contradictory effort in investment management,
disfavoring specialized academic literature and wellestablished investment techniques in exchange for the
security of a minimum return. Also, such a definition
excessively compromises the capital of participants and
sponsors, possibly removing it from the formal economy
by demanding more contributions due to the expected
increases in mathematical provisions.
Reinforcing our considerations, Leal and Mendes
(2010) demonstrated the reasonableness of investment
strategies with returns above the financial market
benchmarks. CMN Resolution 4,661 of May 25, 2018,
presents a list of possibilities to allocate the pension
funds’ financial assets, including maximum limits. The
resolution allows forming portfolios with investments
in the segments structured, real estate, operations with
participants and abroad, in addition to traditional fixed
and variable income. The conditions to seek gains above
the returns of low-risk bonds are documented in the
literature and legally accepted. They are facilitated since
most pension funds have conditions to form and maintain
investment teams with specialists in these segments.

Other ways to determine the actuarial
rate
The discount interest rate (actuarial rate) is one of
the central components in the definition of actuarial and
insurance annuities used in actuarial calculations. Few
authors described methodologies to define this interest
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rate in publications targeted to undergraduate and
graduate programs focused on areas such as insurance
and pensions. Norberg (2000) was the only reference
found describing a simple Markov chain model that
estimates discount rates based on their occurrence and
the probabilities of changes in values over time.
GAO (2014) publication highlighted situations
in the US and Europe where the discount rate has its
value or its methodology determined by the legislation,
and situations where DB plans that use assumed-return
are characterized by being sponsored by long-lived
companies, resilient to the financial market fluctuations,
or federative entities, which can collect more taxes,
raising the levels of contribution to the plans. Experts
consulted by GAO advised reporting multiple estimates
of actuarial liabilities, with different discount rates,
minimizing trade-offs between the previous objectives
and their implications. The experts also consider that
estimating mathematical provisions for the average costs
of the plan’s benefits based on the allocation of financial
assets is the most relevant measure to disclose obligations.
Ribeiro (2015) applied an ALM optimized
by stochastic programming for the long term, using
primary data of pension plans’ financial assets. Dynamic
management was adopted for a portfolio composed of
Brazilian federal government bonds for three future stages
of the economy — expected, average pessimistic, and
pessimistic — with different assumptions for the mortality
table, ETTJ, contributions, redemption percentages, and
conversion into lifetime income. The research showed
that the stochastic model obtained returns at least 33%
above those obtained by the deterministic ALM for the
initial portfolio.
Pennacchi and Rastad (2011) showed that the
US state pension fund managers have agency conflicts
in the definition of actuarial rates influenced by their
careers, and the presence of the plan’s participants on the
board contributes to the portfolios reflecting the rates
defined in similar pension funds, as opposed to seeking
immunization of provisions. Andonov et al. (2017)
confirm this last finding when reporting that funds with
political board members or members elected among
participants are more likely to take a risk and use high
values for the actuarial rate.
Sousa and Costa (2015) identified that managers
of DB plans sponsored by state-owned companies or
by companies in the financial sector are encouraged to
change rates and mortality tables to reduce liabilities,
especially when the plan’s solvency ratio approaches a
deficit. For the authors, EFPCs are compelled, by law,
not to be exclusively based on technical-actuarial studies.
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The researched articles described directions to set
the actuarial rate. The first direction uses ALM models
to combine characteristics of actuarial liabilities with an
investment portfolio, aiming to produce an internal rate
of return (IRR) representative of the expected return on
the plan’s assets. Another direction advocates that actuarial
rate should be determined based on the estimated returns
of a conservative, hypothetical, and hedged portfolio,
or low-risk bonds offered in the financial market, with
durations similar to those of actuarial liabilities. The
last format was not very technical and was influenced
by elements such as the composition of the board of
trustees, the financial health of the plans, expert opinion,
agency conflict, the existence of governmental sponsors
or federative entities, and local legislation defining limits
and methodologies.
We argue that the MAC proposal put forward in
this study, built based on returns originated in an ALM
but equally applicable to returns originated in bond-based
methodologies, is superior to the proposals and methods
described in this reference since MAC offers periodical
non-discretionary adjustments of rates defined by the
pension fund’s board. It considers the differences between
the rates of previous years and their corresponding returns
on financial assets.
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METHODOLOGY
Panel data model
This study adopted the panel data and fixed effects
models to verify whether the pension funds’ actuarial rates
are defined by the expected value of the future return on
the plan’s assets. These models aim to combine cross-section
data with time series. Thus, we use these statistical models to
identify relationships between the actuarial rate collected in
the DA and the other observations of the plans, all varying
between 2013 and 2018 and distinctly in each DB plan.
Therefore, the different characteristics of the pension plans
are considered constituting the non-observable, immutable,
or approximately constant effect of each pension fund in the
statistical models produced, which minimizes the possible
problem of omission of variables that may be relevant in
determining the actuarial rate (Fávero, 2013; Hair, Black,
Babin, Anderson, & Tatham, 2009; Marques, 2000;
Montgomery, 2017). The data used in the research fit the
fixed effects models and variations, one of them indicated
in Equation 3, disregarding random and pooled panel data
models after statistical tests.
(3)

In this equation, the index (i) varies from 1 to
22 and corresponds to the number of DB plans in the
research, with (t), which varies between 2013 and 2018,
corresponding to the respective year when the observations
of each plan (i) occurred. ActuarialRatei,t is the model’s
response variable and refers to the actuarial goal defined
in plan (i) in each year (t). The term
is the
characteristic, non-observable effect of each plan i,
corresponding to the intercept, characterizing the planspecific effects constant over time, not captured by the
variables xk,i,t, k = 1, ..., 14, and their regressor coefficients
βk, the slope of each explanatory variable in the model. A

fixed-effect model assumes that each of the β coefficients
is the same in the temporal variation of each plan. It is
, are not correlated
believed that the errors
with each other, and that αi and xk,i,t are correlated.
The term xk,i,t refers to the variables investigated
as possible explanations for the response variable. These
variables include possible lags, leads (future values), and
differences (between the current and previous values),
including the response variable itself, resources available in
panel data. Table 5 shows the description of the variables
xk,i,t used.
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Table 5. Description of the explanatory variables tested in the panel data model.
Variable

Description

Duration

Corresponds to the duration of the flows that make up the mathematical provisions, calculated by the EFPC based on the
actuarial rate of the previous period

Return

Shows the real 12-month return on the plan’s asset

Active members

Number of participants who are active members in the plan

Beneficiaries

Number of participants who are receiving benefits in each plan

Provisions

The present annual value corresponds to the total future benefits to be paid by each plan

Asset

It is the plan’s financial asset in the year (for each plan), designated to pay provisions

Solvency ratios (SR)

Represents the solvency ratio of each DB plan in the plan each year

ParameterrateTMA

Parameter rate published by the supervisory authority Previc, corresponding to the annual duration of each plan or the discount
rate limit in 2013

propBoardSpon

The proportion of board members representing the plan’s sponsor

propBoardPartic

The proportion of board members representing plan’s participants

Future return

Average of returns on assets calculated in future periods

Year

Inserted as a dummy variable to capture effects associated with the year

IBOVESPA

The annual statistics of Ibovespa stock exchange were tested: index values on the first and last business day of the year,
maximum, minimum, and variation in points in the year

NTN-B

Variables corresponding to the average daily return of NTN-B + IPCA available for purchase and sale in each year were tested

Note. This table contains the description of the variables to be tested in the panel data models designed to explain the response variable ActuarialRate.

Data operationalization and processing were based
on our experience and the literature mentioned in this
section. We emphasize that the variables indicated as
NTN-B and Ibovespa sparingly provide the same values
in each plan but are different each year. If they were equal
in years, their effects would be captured in αi.
Although we consider that the MAC method is
necessary and complementary to the rules on pension
funds, the research will test the hypothesis below —
described and defended by the aforementioned authors
and rooted for years in social security legislation — to
secure and justify the proposition put forward in this
article.
H1: Pension funds choose the actuarial rate of a DB
plan related to the future return on the financial
assets designated to cover the benefits offered.

Consistent actuarial rates (MAC)
The method proposed in this study considers a
five-year adjustment, seeking to mitigate the effects of
the distance between actuarial rates determined by the

pension fund’s board and average returns on investments.
This methodology is more efficient than those the
pension funds currently adopt because it effectively and
cyclically adjusts the actuarial rates chosen by the board
to values that include deviations from a past rate for
an average performance of the plans’ assets. Thus, the
amounts corresponding to mathematical provisions will
capture the real average performance of financial assets,
avoiding administrative and financial management based
on undervalued or overestimated provisions for long
periods, which creates false impressions of solvency,
cooperating, for example, to postpone or anticipate
changes in investment portfolios.
The methodology assumes that inflows and
outflows of values in financial assets originated from an
ALM produce an internal return rate θ similar to that
calculated in Equation 1. The value of this IRR will be
the basis for generating MAC. Equation 4 contains the
ALM flows in the numerator of the fraction, discounted
by factors of θ, resulting in the plan’s asset ρt. The value of
t refers to the year of the base date where IRR and MAC
will be determined.
(4)
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Variables β and y are integers, with y=1,…,β, and
correspond to the deferral in years of the occurrence of
each of the flows. The other variables are:

φt+y: the value of benefits paid by the pension plan
in each future flow.

and straightforward way to do this lies in rules that use
lower and upper limits based on a reasonable percentage
of variability for θ'. We used the following rules in the
research:
1. If
belongs to [0,777∙θ';1,280∙θ'], the plan’s real
interest rate will be MAC calculated in (6).

τt+y: the value of contributions, net of administrative
fees or charges, added to the asset in each future flow.

2. If

<0,777∙θ' then

=0,777∙θ'.

δt+y: the value of interest added to the asset in each

3. If

>1,280∙θ' then

=1,280∙θ'.

future flow.

The financial interest values (δt+y) are produced in
the ALM study on EFPCs and are originated from the
returns on assets. The values of contributions and benefits,
τt+y φt+y, are calculated in each flow by the periodic
actuarial valuation and do not depend on any discount rate
to be estimated.
The value θ is the basis for the board to define the
actuarial rate, named in the methodology as θ'. For this
interest rate to become consistent, refined by deviations
from past rates, it is necessary that, at the end of year t, the
average profitability (μ) of the plan’s equity over the last
five years, including the current one, and the actuarial rate
(Φ) stipulated on the previous base date to the period of
μ. ϵ would be a value that will adjust θ' and determine the
deviation between the five-year returns on assets and the
actuarial rate. It is expressed by:
(5)

If ϵ > 1, the average return (μ) exceeds the
actuarial rate (Φ) defined for the period, which proved
undervaluation. For ϵ > 1 the situation is the opposite;
the return was below the rate (Φ) which was overvalued in
its definition five years ago. After that, it will be possible
to adjust θ' from the discrepancies observed in the last five
will be
years. Therefore, the consistent actuarial target
calculated by applying the ratio ϵ in θ'.
(6)

The ϵ ratio is a real number, so it is necessary to
equalize the results of possible reductions or increases
in the rate, avoiding incoherent values that could even
make the continuity of the plan unfeasible. An efficient

4. MAC cannot assume values below the average return
of government bonds due +5 years onward, available
during year t.
The last rule is justified because we consider that
a minimal effort by the EFPC’s investment management
would allow the reallocation, during year t, of a large part
of the portfolio for maximum exposure to government
bonds.
The values of 0.777 and 1.280 were found in the
22 plans of the sample. They refer to the medians of the
ϵ for two groups of plans. The value 0.777 refers to the
group formed by plans with average returns below the rates
(Φ) determined in 2013, while 1.280 refers to the group
of plans where each average (μ) exceeded the rate defined
individually in 2013. In both cases, the period observed
was 2014 to 2018. These medians should be appropriately
evaluated, reflecting the reality of management and better
management of asset portfolios.
Thus, five-year moving average is used, in which
each year will be integrated to the value of ϵ to achieve
a consistent rate, sufficient to remedy part or all of the
deviations between real and expected returns on assets. We
emphasize the importance of using adequacy tests to verify
the adherence of the rate obtained by adopting the MAC
method to the average profitability calculated from the
following year, monitoring the method’s efficiency.

ANALYSIS OF RESULTS
Models found
Panel data modeling applied to the original
information of the 22 DB plans, based on Equation 3,
produced a model, the base model (Table 6).
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Table 6. Explanatory variables of the fixed effects base model.
Response variable: ActuarialRate
Explanatory variables

Regression coefficient

Standard error

Pr(>|t|)

Provisions

1.25e-13

1.84e-13

0.498

Assets

-2.55e-14

2.08e-13

0.903

SR

0.0189

0.008

0.026 *

ParameterrateTMA

0.6871

1.0259

0.505

Duration

0.0002

0.0003

0.641

ActiveMembers

-6.56e-07

1.0305e-06

0.526

NumberBeneficiaries

-1.12e-06

1.0592e-06

0.294

Return

-0.0252

0.0123

0.043 *

propBoardSpons

-0.0102

0.0099

0.307

Year2014

-0.0057

0.0061

0.356

Year2015

-0.0074

0.0054

0.174

Year2016

-0.005

0.0050

0.320

Year2017

-0.0036

0.0057

0.533

Year2018

-0.0026

0.0033

0.436

-0.0186

0.0239

0.437

FutRetAsset

R2: 0.2942

Model’s F-statistic:

2.6404 (p-value: 0.004) **

Residual statistics

-0.0273 (minimum); -0.0014 (1st Q); -0.00001 (median); 0.0017 (3rd Q); 0.014 (maximum)

Breusch-Pagan test: H0 for homoscedasticity of residuals

0.21

Breusch-Godfrey/Wooldridge test: H0 for non-serial correlation of residuals

0.000 ***

Shapiro-Wilk test: H0 to residual normality

0.000 ***

Note. This table contains information from the base model of fixed effects for the response variable ActuarialRate, produced by the statistical package R. FutRetAsset represents
the average return on assets in the following years of the sample. The variables related to years are dummies of control to check the influence of the period on the response
variable. The other variables are described in Table 5. The regression coefficients correspond to βk of Equation 3 followed by its standard error. The last column refers to the
p-value that tests the null-regression-coefficient hypothesis (t-Student statistics were omitted), followed by the representation of significance: ⋅ , *, ** and ***, respectively, 10%,
5%, 1%, and 0.1%. F statistic tests the hypothesis that the model’s coefficients are null, so it is inconsistent and R2 is null, rejected if its p-value is less than 0.05.

The panel base model applied to the original base
values presented the significant variables SR and returns
in the definition of the response variable ActuarialRate, a
reasonable R2, coefficient of determination, and explaining
almost 29% of the rate’s variance. The Breusch-Pagan test
(Breusch & Pagan, 1979) indicated homoscedasticity of
the residual, which has a null mean and constant variance.
However, the Shapiro-Wilk (Razali & Wah, 2011) and
Breusch-Godfrey/Wooldridge (Croissant & Millo,
2008; Torres-Reyna, 2010) tests rejected normality and
found a serial correlation in the residuals, affecting the
reliability of p-values and the F test of the model, causing
underestimated variances due to possible autocorrelations
between the values of the variables for the previous or

more distant period. Therefore, the base model was not
robust.

The previous results and the analysis of possible
solutions for data transformation to allow a vigorous
model resulted in the choice of a variation of the fixed
effects model (Equation 3) — after we suspected that the
intercept αi would be biased, exhibiting similar values
among pension funds, with the same signal. We found a
solution in the literature to replace αi to obtain a general
effect in the model (an average value) representing the
joined effects of all funds. Thus, we changed Equation
3, adding the intercept α to the response variable
MetaAtuariali,t and to the intercept αi, rewriting it in
Equation 7.
(7)

This variation is known as the between fixed
effects estimator, consisting of a model that explains the

averages of the response variables through the average
of the explanatory variables (Croissant & Millo, 2008;
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Duarte, Lamounier, & Takamatsu, 2007; Fávero, 2013).
The new error should not be correlated to the significant
explanatory variables that will belong to the model. Table
7 contains the information from the model produced by
the fixed effects between estimator after inserting and
removing variables (previously evaluated by correlations)

from the model, similar to the stepwise method (Hair
et al., 2009; Montgomery, 2017). The model and its
variables are the inputs to confirm or refute hypothesis
H1, that states that the actuarial rate defined in pension
funds represents the future return on its associated DB
plan’s asset.

Table 7. Explanatory variables and tests of the fixed effects between model.
Response variable: ActuarialRate
Explanatory variables

Regression coefficient

Standard error

Pr(>|t|)

Intercept (α)

0.8759187

0.291502

0.00797 **

Return

0.1766721

0.044758

0.00104 **

logProvisionsperBeneficiary

0.004262

0.002265

logNetAsset

-0.0496243

0.007593

ParameterrateTMA

-15.3395113

5.379335

Model’s F statistic: 14.7172 (0.00002) ***

0.07716 ⋅

0.00000 ***
0.01110 *

R2:

0.7759

Residual statistics: -0.0117 (minimum); -0.0017 (1st Q); -0.0007 (median); 0.0021 (3rd Q); 0.0103 (maximum)
Breusch-Pagan test: H0 for homoscedasticity of residuals

0.054

Breusch-Godfrey/Wooldridge test: H0 for non-serial correlation of residuals

0.267

Shapiro-Wilk test: H0 to residual normality

0.267

Note. This table contains the information of the model that explains the response variable ActuarialRate, applied to the values during six years in data collected from 22 DB
plans. The LogProvisionsperBeneficiaries variable refers to using the logarithmic transformation in the calculated amounts of provisions per beneficiary assisted by the DB
plan. The variable logNetAsset corresponds to the difference between the natural logarithm of the asset and the natural logarithm of provisions.

This model has a good coefficient of determination
(77.6%), sufficient for the explanatory rather than the
predictive purpose of the model, to clarify the elements
that determined past values of the actuarial rate, explaining
almost 80% of the actuarial rate’s variance. In addition
to the good R2, the F statistic supports the regressor
coefficients, confirmed by statistical tests that showed that
the residuals are homoscedastic, present normality, and
do not show serial correlation. Therefore, the following
representation of the model with statistically significant
coefficients becomes viable:

(8)

The model described in Equation 8 is sufficient to
confront hypothesis H1. It has an intercept that constitutes
the representative general effect of each pension fund.
Its coefficient is significant at a level of 1% and explains,
positively, part of the actuarial rate defined in EFPCs.
The return is another variable that positively influences
the rate, corresponding to the individual performance of
the asset in each period of the series. It presents the same
significance as the intercept. ParameterrateTMA, which
reduces the rate and corresponds to the parameter rate
associated with the specific duration of the DB plan, or
the actuarial rate limit in 2013, has a significance level of
5%. The variable logNetAsset is the most significant in the
model (its level is 0.1%). However, its negative coefficient
can positively or negatively influence the rate, depending
on the value of the difference between the asset logarithm
and provisions logarithm. If it is a deficit, or asset smaller
than the provisions, the influence will be positive; if it is
a surplus, it will be a negative influence. The last variable,
logProvisionsperBeneficiaries, was represented as the
logarithm of the division of provisions by the number
of beneficiaries in each plan. Its significance level is 10%
(acceptable limit) and positively affects the actuarial rate.
Therefore, the best model found (Equation 8)
allows us to infer that the response variable ActuarialRate
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is influenced by the very short-term past returns (last 12
months), the parameter rate (limit rate) available in the
year, by the annual level of provision per beneficiary,
the current result of the plan (the net asset, deficit or
surplus), and the idiosyncratic effect that we attribute to
the characteristic effect of the EFPCs sector, the pension
funds. These inferences allow us to reject hypothesis H1
since the actuarial rate does not represent any variable
wholly or partially associated with the returns of each DB
plan.
In our view, the rejection of H1 justifies the MAC
proposition. Additionally, the evidence that the actuarial
rate does not capture future returns contradicts Bertucci et
al. (2006), Silva et al. (2007), Corrêa (2018), Vittas (2010)
and Andonov et al. (2017). It also distorts Resolution 30,
which stipulates, as a general rule, the association between
rate and returns. To a lesser degree, this dissociation from
returns affects the composition of ALM defended by
Haneveld, Streutker and Van Der Vlerk (2010) and the
effort made by Leal and Mendes (2010) to demonstrate
multimarket strategies that meet the actuarial rate.
On the other hand, the presence of the parameter
rate in the model confirms that pension funds are chosen,
included in Resolution 30, for actuarial rates based on past
ETTJ averages, which are almost 10 months away from
the base date of the actuarial calculations. We understand
that this fact corroborates Bicalho (2018), who identified
that the performance of the EFPC’s asset was similar to
the benchmark CDI rate. However, we cannot say that the
presence of the parameter rate in the model means that
the actuarial rate represents prospective returns of the rates
observed in low-risk bonds, as reported in Chapman et al.
(2001), Bader and Gold (2003), Varga (2009), Caldeira
(2011), GAO (2014), Duarte et al. (2015), Silva et al.
(2015) and Novy-Marx (2015). The presence of the net
asset in the model shows a partial influence by the solvency
ratio, as advocated by Sousa and Costa (2015) in the case
of deficits.
Corroborating Pennacchi and Rastad (2011) and
Andonov et al. (2017), we did not find indicators of the
influence of board composition in the definition of the
actuarial rate.

S. de Azambuja, C. H. Campani

Application of the consistent actuarial
rate (MAC) in the research data
The data collected from the 22 DB plans made it
possible to apply the MAC as defined in subsection 4.2.
It was possible to refine the actuarial rate chosen in 2018,
using the five-year return from 2014 to 2018 to find the
ratio between this average and the last valid actuarial rate
in 2013. This ratio was applied to the rate chosen by
the board in 2018, which generated a new value for the
actuarial rate for the period, observing the lower and upper
limits calculated in the research sample and the average
returns of NTN-B due in 2024, 2035, 2045, and 2050.
Table 8 shows the steps for applying MAC in the
plans and values produced for the 2018 rate. The average
of actuarial rates went from 5.36%, values determined
by the board in 2018, to 6.09%, after MAC, an increase
of 0.73%. The method worked efficiently with the
information presented, comprising the rule that sustains
reductions in the rate for values lower than the average
return of NTN-B (4.94% p.a. in 2018). Similarly, very
high values were limited, avoiding rates that represented
returns difficult to maintain in the long term.
Banco do Brasil (2018) estimated a 2.2% reduction
in the actuarial obligation if the actuarial rate of 5.3%
p.a. changed to 5.55%. Due to the proximity to the
5.36% average of the sample’s actuarial rate, we used
this sensitivity to estimate that the provision of BRL 365
billion, mentioned in subsection 2.3, when associated
with the 5.36% average, would be revalued to BRL 341.6
billion. This retraction of BRL 23.4 billion, or almost BRL
1.1 billion per plan, would result in immediate economic
effects, such as reducing the regular costing rates and
revaluating extraordinary costs.
We believe that participants and sponsors would
be the principal beneficiaries of applying the adjustments
on the actuarial rate of the plans in the sample, which
would allow adequate levels of contribution, equivalent to
the promised benefits. It would also benefit the pension
funds, which would present financial situations consistent
with their returns, favoring the acquisition of insurance to
cover social security risks, with premiums that reflect the
presence of the MAC method in the insurance companies’
risk assessment.
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Table 8. Application of the consistent actuarial rate (MAC) method to define the actuarial rate in 2018.
Rate 2018
(θ')

Return
20142018 (μ)

Rate 2013
(Φ)

ɛ

Previous
value ( )

Lower
limit
(0,777∙θ')

Upper
limit
(1,280∙θ')

MAC
( )

PBB – Centrus

4.50%

4.52%

4.00%

1.13

5.09%

3.50%

5.76%

5.09%

PBDC – Centrus

4.50%

4.99%

4.00%

1.25

5.62%

3.50%

5.76%

5.62%

BD – Fachesf

5.50%

6.24%

5.75%

1.09

5.97%

4.27%

7.04%

5.97%

RegReplan – Funcef

4.50%

1.43%

5.50%

0.26

1.17%

3.50%

5.76%

4.94%

PPSP – Petros

5.27%

-0.15%

5.50%

-0.03

-0.14%

4.09%

6.75%

4.94%

PB1 – Previ

5.00%

3.84%

5.00%

0.77

3.84%

3.88%

6.40%

4.94%

Plano BD-Real – Grandeza

5.60%

7.22%

5.50%

1.31

7.35%

4.35%

7.17%

7.17%

Plano A – Forluz

6.00%

4.52%

5.75%

0.79

4.72%

4.66%

7.68%

4.94%

Plano Unificado BD –
Fundação Copel

5.80%

6.69%

5.75%

1.163

6.74%

4.51%

7.43%

6.74%

Plano II – Banesprev

6.88%

7.20%

6.00%

1.2

8.25%

5.35%

8.81%

8.25%

Plano V – Banesprev

10.16%

11.19%

5.75%

1.946

19.77%

7.89%

13.01%

13.01%

Plano A/B – Braslight

5.00%

6.09%

5.75%

1.059

5.29%

3.88%

6.40%

5.29%

Único da CEEE – Eletroceee

5.61%

5.15%

5.50%

0.936

5.25%

4.36%

7.18%

5.25%

PSAP – Eletropaulo –
Funcesp

5.64%

7.43%

5.50%

1.351

7.62%

4.38%

7.22%

7.22%

PBS-A – Sistel

4.19%

5.34%

3.80%

1.406

5.89%

3.26%

5.37%

5.37%

PBD – Telos

4.50%

6.06%

4.50%

1.347

6.06%

3.50%

5.76%

5.76%

PCV I – Telos

4.50%

7.52%

4.50%

1.671

7.52%

3.50%

5.76%

5.76%

PAC – Fundação ItaúUnibanco

4.19%

5.92%

4.00%

1.480

6.20%

3.26%

5.37%

5.37%

PB1 – Usiminas

5.50%

4.94%

4.50%

1.098

6.04%

4.27%

7.04%

6.04%

Benefício Definido – Valia

5.00%

4.78%

4.75%

1.005

5.03%

3.88%

6.40%

5.03%

Funbep I – Funbep

5.70%

5.48%

5.50%

0.997

5.68%

4.43%

7.30%

5.68%

Plano A – Previrb

4.38%

8.01%

4.00%

2.004

8.78%

3.40%

5.61%

5.61%

EFPC plan

MAC
effect

Note. This table shows the application of the MAC method to the plans’ data. The variables of the columns are defined in subsection 4.2. The last column represents the MAC
effect: the up arrow indicates that MAC raised the 2018 rate. The down arrow indicates a reduction. The circle represents that the 2018 rate remained practically unchanged after
applying MAC. NTN-B IPCA+ due in 2050, 2045, 2035, and 2024 were available in the government bond market in 2018, with their annual averages showing a minimum
return of 4.94%.

CONCLUSIONS
We believe that the conditions offered for using the
parameter rate, compared to the general rule, may inhibit
a more significant performance when seeking returns on
pension fund investments. This inhibition happens because
the rule allows choosing a rate belonging to the interval of
a parameter rate to the detriment of the expected return on

the plan’s equity and requires a technical report for rates
outside this interval.
This study identified that the choice of the actuarial
rate in the sample analyzed was influenced by the annual
return on pension assets, based on the net asset observed
on the base date and on the parameter rate itself, which
represents past returns according to ETTJ. The constructed
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statistical models found no evidence of adherence between
the actuarial rate defined by the fund’s board and the future
return on the plan’s assets. Also, it was not possible to detect
the influence of government bonds regarding a contribution
from the due NTN-B return rates in the actuarial rate.
Therefore, actuarial rates set in the sample plans are not
related to the assumed-return or bond-based methodologies
described in GAO (2014). These indications justify a
different approach to the definition of the actuarial rate,
represented in this article by the meta atuarial consistente
(MAC) (consistent actuarial rate).
We believe that using the MAC method will
contribute to the evolution of rules and techniques that
support actuarial rate choices in pension funds. MAC allows
for possible biases between a past target and the five-year
return on assets to be considered and incorporated into
the model, refining and offering a greater expectation of
accuracy to the value chosen by the board of trustees for the
actuarial rate and, over the years, converging this rate to the
average return on the plan’s assets.
As for the limitations of this research, we did not
have sufficient resources and time to collect information
from more DB plans from the content located in the DA
actuarial statements from 2018 submitted to the supervisory
authority Previc, released for access only in 2020, during the
preparation of this study.
In turn, MAC presents limitations regarding the
lower and upper limits calculated with data from the
research sample. In addition, one of the lower limits is based
on the 2018 average NTN-B rates. However, it could be
broader, incorporating other available low-risk bonds or
even a minimum return guaranteed by insurance companies.
These minor obstacles can be diminished and even resolved
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if regulatory and supervisory authorities, especially Previc,
adopt the proposed methodology. Thus, it will be possible to
use the population parameters of all plans of EFPCs, setting
new limits for MAC and making the proposed method a
market standard, allowing any DB plan to apply MAC and
adjust its actuarial rate.
As for best practices of governance, official documents
of the entities may include MAC and the actuarial rate
the board chose and established. This measure offers
transparency to this issue, allowing future comparisons
between the plan’s actuarial rate (set by the board), the
consistent actuarial interest rate (proposed here), and the
return actually obtained in the period.
The research findings suggest the need for future
studies to investigate, at least, the composition of the boards
of trustees (conselhos deliberativos) in a larger sample of
pension funds, covering a more extended period. Interviews
with participants of these boards would be helpful to
analyze the decision-making processes and the content
of minutes of the plenary sessions, observing the choices
regarding investment allocation or actuarial and economic
assumptions. The results of such research would contribute
to identify the pension funds’ dynamics, evaluating them in
contexts of the pension market’s governance and compliance.
Taking advantage of the MAC method will allow
pension funds to more effectively review and adjust their
costing plans, particularly their contribution rate values,
deficits, and surpluses. The application of this research’s
findings can lead to greater efficiency in the Brazilian closed
pension fund market, contributing to the sustainability and
solidity of the system, with positive consequences for the
country’s economic growth.
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