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Abstract

The pension system serves as an important instrument to provide income for
individuals who are incapacitated for work or achieve old age. Recently, Pension
Systems worldwide have faced financial and actuarial difficulties, casting doubts
about their sustainability. Arguably, the main reasons for the systemic unbalance are
the aging population and the structure of benefits. The present article investigates the
impacts of these two variables by means of simulation exercises. Specifically, this
paper aims to analyze how a rise in formality and an increase in labor productivity
affect the results for the Brazilian Pension System (deficit or surplus), the participation
of the benefits in total GDP and economic growth, based on a stock-flow consistent
model (SFC). The results reveal that increasing formalization (i.e., raising the number
of taxpayers) reduces the pension system deficit and boost economic growth. But
the system deficit persists somewhat. Allowing for productivity growth improves the
results.
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1. Introduction
A pension system is a key to the well-functioning of any economy. Besides
its usual role in providing funds for the elderly, it can serve as an instrument to foster
economic activity (through an improvement in the distribution of income that raises
effective demand), alleviate poverty for the elderly, and fight interregional
inequalities. Presenting a synthesis of the discussion, Ferreira (2007) argues that the
existence of social security systems is generally based on three arguments: the first is
because governments are benevolent and paternalistic (Dotsey et al., 2015); second,
for governments to correct market inefficiencies (Feldstein, 1998); and, third, as a
result of coalition pressures among voters, which arise amid broader social demands
(Hill, 2006). These different ways of understanding pension systems also influence
the way how financial and actuarial difficulties faced by them are interpreted (Rego,
Paula, Brito, 2019).
In Brazil, the pension system has presented substantial and persistent deficits
after 1996, which have raised concerns about the system’s sustainability and its
impact on the economy. In this context, there are two opposing viewpoints. One
that highlights the system’s unsustainability, pushing for reforms, which includes
increasing the retirees’ age and other restrictive rules (Giambiagi et al., 2004;
Zilberstajn et al., 2017; Holand and Malaga, 2018). According to them, the pension
system imbalance can halt economic growth. A second view claims that the system
is only sustainable when the economic model encompasses both actuarial and
dynamic elements and the pension system can contribute to economic growth
(Gentil, 2006; Puty et al., 2017; Lavinas and Cordilha, 2019). For Puty Et Al. (2017),
the fiscal and actuarial forecasts made by the Brazilian federal government’s model
present substantial discrepancies compared to the results that effectively occurred.
They have suggested different policies to reform the system and stimulate the
economy.
In the present article, we propose a third complementary view. In line with
the contributions of Paley (1998), Rada (2012), Yasar (2013), and Melis and Truda
(2020), we stress the importance to incorporate structural features of the economy in
any analysis that assesses the sustainability of the system and its effect on growth.
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Because of the size and role of the informal sector in Brazil, evaluation of its
relationship with the rest of the economy becomes central. A broad view of the
sustainability of the Brazilian system that accounts for its economic structural
heterogeneity (and its labor productivity differences) is lacking in the literature.
This paper aims to shed some light on the Brazilian Pension System,
employing a Stock-flow Consistent model (SFC). According to Godley and Lavoie
(2007), SFC models are important tools for analyzing the macroeconomic dynamics
of economies. This approach consists of two components: an accounting part, which
guarantees the logical consistency of the system, and a set of equations that describe
its laws of movement. Stock and transaction flow matrices guarantee accounting
consistency. The behavioral equations exhibit the model’s assumptions (Caverzasi
and Godin, 2015).
The literature that discusses the causes of pension systems’ financial and
actuarial problems puts great emphasis on population aging (Morimoto et al., 2018).
Using mainly Overlapping Generations model (OLG) developed by Samuelson
(1958) and Diamond (1965), these works try to explore the impacts of demographic
change on the sustainability of Pay-as-You-Go (PAYG) pension systems (Fanti and
Gori, 2012; Cipriani, 2014; Dedry et al., 2018). It means that the current generation
pays for the retired share of the population. The main results point to a worsening
of the financial conditions of social security systems in contexts of population aging.
More recently, some studies have emphasized the role played by two economic
variables to understand social security dynamics, especially in developing countries:
labor market conditions and productivity.
According to Song et al. (2012), informality, combined with other labor
market imperfections, would also play a central role in explaining the successive
deficits faced by the PAYG social security model. Yasar (2013), Dotsey et al. (2015),
among others, follow this argument. Regarding productivity, Paley's (1998) seminal
work is an important contribution to understand how productivity influences both
the diagnosis of the real conditions of the social security system (Moreira et al., 2019)
and the overcoming of its main challenge, which is the accelerated population aging
process (Boulhol, 2019).
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Based on this discussion, the SFC model developed here analyzes the
dynamics of Brazilian social security in a context of informality, changes in labor
productivity and demographic transition. We included innovative features to tackle
those issues. Firstly, we included the retirees as an institutional sector that becomes
part of the distributive conflict of the model. Secondly, we add the informal sector.
For this, firms and workers were divided into two groups: one that contributes to the
pension system and the other that does not. An increase in the ratio of retirees to the
number of workers captures demographic dynamics. In this sense, our heterodox
model can capture important interactions between stocks and flows, encompassing
the whole economy. It gives a fresh perspective on the Brazilian pension system
sustainability. Our thesis is that the degree of formality and labor productivity
growth can help to balance the pension system in the long term. These variables,
however, are absent in most of the models that explore the question of pension
system sustainability in Brazil.
We perform three simulation exercises in our model: (i) an increase in
formalization; (ii) a surge in the number of the system’s beneficiaries, driven by
demographic transition; and (iii) a rise in labor productivity. In all the experiments,
we examined the behavior of three key variables: GDP growth, the pension system
deficit to GDP ratio, and total benefits/GDP ratio. The model is calibrated for the
Brazilian economy, which is another innovative feature of our work, given the
relatively small number of empirical SFC models in general, and for Brazil in
particular.
The rest of this article is structured as follows. First, we briefly overview key
statistics for the Brazilian pension system in section 2. Then, we introduce an SFC
model in section 3. In section 4, we discuss the parameters and model calibration.
Section 5 explores the simulation results. Finally, section 6 concludes.

2. The key indicators of the Brazilian pension system: a brief
review
The pension arrangement in Brazil functions as a pay-as-you-go (PAYG)
system. The system was reformed at the end of the 1980s by the Federal Constitution
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of 1988. Social justice and solidarity are two key elements of the Constitution. In this
period, there was a mass of poor rural unemployed workers who could retire. It put
pressure on the system. Since the Constitution of 1988, the system has depended on
national government transfers to cover its deficits and reach a balance. It was a
strategy to achieve social justice. Recently, the system presented a deficit of R$ 149
billion in 2016 and R$ 182,4 billion in 2017. Figures 1, 2, 3 and 4 exhibit the key
statistics for the national pension system.
Figure 1 shows that the bulk of expenditures is payment of benefits, such as
pensions for retirees, maternity leave and leave for sickness, among others. From
1994 to 2017, pensions grew 2,46%. Most of the pension growth in this period is
due to rural pensions. In 2016, this segment contributed 2% to the system’s revenues
and their pensions comprised 22,2% of the total system’s expenditure. Despite this
source of unbalance, Arbex and Galiza (2017) argue that it is an instrument to
guarantee a minimum income in rural areas.
Figure 1 – Current expenditures - 1993-2017 - (%)
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Source: Authors’ calculations based on data from Brasil (2015) and Brasil (2016).

Figure 2 reports on the Brazilian pension system result. Between 1993 and
1996, the balance of the system was in equilibrium. Deficits emerged in 1997. The
government transfers to fulfill the gap in the accounts markedly increased from 2011
to 2014. At least partially, the raising informality during the 1990s (but not in the
2000s) and the tax break policy that began in 2010 explains the pension system
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deficits (Gentil, 2017). During the 2000s, the tax break policy did not boost formal
activity (Neri, 2007). Demographic transition played a secondary role in explaining
deficits since its effects usually appear in medium/long run statistics.
Figure 2 – Pension System results - 1993 - 2017 - (Millions (R$))
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Source: Authors’ computations based on data from Brasil (2015) and Brasil (2016).

Figure 3 presents the evolution of government transfers in Brazil. Overall,
transfers increased from 1997 to 2007 and then started to decline. They diminished
up to 2013, then started to increase again. The rise in economy formalization seems
to have positively impacted for the reduction in transfers from 2003 to 2013, except
during the great recession (2007/2008).
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Figure 3 – Government transfers toward the national pension system 1993-2017
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Figure 4 – Dependency ratio- Brazil (1992-2017)
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Another crucial statistic to access the pension system sustainability is the ratio
of dependency, expressed in Figure 4. It is simply the beneficiaries-contributors ratio.
From 1992 to 2000, this ratio rose markedly. However, this ratio declined persistently
from 2003 to 2012, when it returned to grow. This growth is explained partially by
the Brazilian tax break policy (Gentil, 2017; Silva, 2018). Despite this result, following
Paley (1998) and Yasar (2013), if we allow for labor productivity and raising labor
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formality, two factors not included in the dependency ratio, the sustainability of the
pension system improves (Silva, 2018).

3. A Stock-Flow Consistent model of the Brazilian pension system
In this section, we will present a Stock-flow Consistent (SFC) model to
analyze the Brazilian pension system. The main feature of the SFC methodology is,
as its name suggests, consistently modeling economic stocks and flows. There are
two basic matrices in every SFC model, one describing the balance sheets of the
sectors modeled (accounting for the stocks) and another dealing with the real and
financial transactions (accounting for the flows). An advantage of such action is that
“[…] there are no black holes: every flow comes from somewhere and goes
somewhere” (Godley, 1996, p. 7). According to Santos (2017, p.1), SFC models are
“[…] crucial for sound macroeconomic reasoning in general and, therefore, its
widespread adoption would increase both the transparency and the logical coherence
of most macro models.”
Lavoie and Godley (2001-2002, p.308) reinforce the message:
In our methodology, we can justify every point by reference to a precise
system of relationships. If others disagree, they can be challenged to say
precisely what simplification or parameter is inappropriate. Every
relationship can be changed, and one can find out whether the change
makes any difference to the results. This method ought to be helpful to
resolve some controversial issues.

The SFC methodology presents many other potentials. One is its capacity to
predict crises. Bezemer (2010) and Galbraith (2012) argue that the 2008 financial
crash was predicted by authors that used models based on a rigorous accounting,
whereas models that rely upon notions of general equilibrium did not. Both the
academy and central banks employ SFC models, like the Bank of England (Burgess

et al., 2016) and financial institutions, like Goldman Sachs (Hatzius and Stehn, 2012).
The model developed in this paper comprises seven institutional sectors: (i)
workers, (ii) retirees, (iii) government, (iv) capitalists, (v) firms, (vi) Commercial
banks, and (vii) the Central Bank. The structure of assets and liabilities is presented
in Table 1, which shows the accounting balances of each sector. Assets are presented
with a positive sign, while a negative sign denotes liabilities. We considered six types
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of assets/liabilities: (i) banking deposits, an asset held by capitalists and firms and
accounted as a liability for the commercial banks; (ii) tangible capital, an asset for
firms whose accounting counterpart is an addition to this sector’s net wealth; (iii)
government bonds, held by commercial banks and central bank; (iv) high-powered
money, emitted by the central bank and held by commercial banks; (v) central bank
advances, a liability to commercial banks and an asset for the monetary authority;
and (vi), banking loans, given by commercial banks to firms. Because of the model’s
accounting consistency, financial assets and liabilities cancel each other out, as
shown in the last column of Table 1. The sum of the sector’s column gives its net
assets.
Table 1 – Balance Sheets
Workers Retirees Government Capitalists
Deposits
Tangible Capital
Government bonds
High-powered money
CB advances
Loans
Balance
Σ

+Depc

0

0

Firms
+Depf
+K

Commercial
banks

Central
bank

-Depc , -Depf

Σ
0
+K
0

-B

+ Bb

+ Bcb
-H
+A

+Vgov

-Vcap

-L
-Vf

+ Hb
-A
+L
+Vb

+Vcb

0
0
0
-K

0

0

0

0

0

0

Source: author’s computations.
Note: positive signs refer to assets, and negative signs refer to liabilities.

Table 2 presents intersectoral transaction flows between the sectors. A
sector's use of funds receives a negative sign, while the source of funds takes a
positive sign. The upper tier of the matrix exhibits the flow of goods, services and
payments to factors of production. The middle tier brings the flow of financial
payments. The last tier exhibits the sectors’ changes in stocks. If receipts are larger
than expenditures, the sector has a surplus allocated among the economy’s assets. In
the case of a deficit, this sector increases its liabilities. The results of this part of the
table change the stocks in Table 1, which serve as a starting point for a next period.
New transactions emerge in Table 2, which impact again stocks and so on. This link
between stocks and flows generates the model’s dynamics.
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Table 2 – Transaction flow matrix
Firms
Workers
Consumption
- Cw
Investment
Firms profits
Banks profits
Central bank profits
Taxes
- Tw
Wages
+ WB
Pension contributions
- Zw
Retirees' payments
Deposits
Interest Loans
on
CB advances
Government bonds
Deposits
Changes Loans
in the High-powered money
stocks of Treasury bills
CB advances
Σ

Retirees
- Cr

Government
- Cg

Capitalists
- Cc
+ Fd
+ Fb

- Tr

+ Fcb
+T

+ ANr

+Z
- ANr

Current
+C
+I
- Ff

Capital

Central bank
Commercial
banks
Current Capital

Σ
0
0
0
0
0
0
0

-I
+ Fn
- Fb
- Fcb

- Tc

- Tf
- WB
- Zf

+ rd-1.Dc-1
- rl-1.L-1
- rb-1.B-1
- ΔDc

- ΔDf
+ ΔL

+ ΔB
0

0

0

- rd-1.Dc-1
+ rl-1.L-1
- rA-1.A-1 + rA-1.A-1
+ rb-1.Bb-1 + rb-1.Bcb-1
+ ΔD
- ΔL
- ΔHb
+ ΔH
- ΔBb
- ΔBcb
+ ΔA
- ΔA
0
0
0

0
0
0
0
0
0
0
0
0
0

Source: author’s computations.
Note: positive signs refer to receipts, negative signs represent expenditures.

Since the accounting structure defined from the stock and flow matrices is
insufficient to close the model, we need to introduce the behavioral equations. To
clarify, we present each sector separately.
3.1 Workers

The workers’ disposable income (HI7 ) consists of the wage bill (WL)
subtracted by taxes ('7 ) and workers’ pension system contributions (J7 ). Following
Dafermos (2012), we adopted the hypothesis that workers receive in the period t
salaries corresponding to period t - 11. We assume that workers’ disposable income
is spent entirely on consumption goods.
HI7 = KL$# − J7 − '7

(1)

47 = HI7

(2)

The taxes paid by workers is a fixed rate N7 multiplied by the wage bill. The
pension system contributions stem from the pension system tax rate/contribution τ
multiplied by the wage bill and by the proportion of formal workers in the labor

1

It is important to note that this hypothesis can be traced back to Samuelson (1939). We thank an
anonymous referee for bringing this to our attention.
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force, denoted by O7 . The model assumes that a firm or worker is formal if they
contribute to the Pension System.

3.2

'7 = N7 KL$#

(3)

J7 = O7 PKL$#

(4)

Retirees

The retiree’s2 income results from the value of their received benefit (A)
multiplied by the number of retirees (Q0 ). The income after-tax payments are totally
consumed (40 ). We consider that the value of the benefit is a proportion Ω of the
wage, and that the number of retirees is a proportion ρ of the number of employees
(N). Total taxes are a fixed rate N0 that multiplies retirees’ income.

3.3

H0 = 8Q0

(5)

8 = RK$#

(6)

Q0 = SQ

(7)

40 = H0 − '0

(8)

'0 = N0 H0

(9)

Government

Government revenue (H8 ) is the sum of taxes (T), Pension System
contributions (Z) and Central bank profits (59: ). Government expenditures (G) are
divided between consumption (48 ), retirees’ payments (AQ0 ) and the expenses with
interest on debt (T:,$# L$# ). Government consumption adjusts passively to maintain
its deficit (DG) as a fixed proportion (σ) in relation to the GDP of the previous period
(H$# ). The government debt (L) is equal to the deficit plus the debt of the previous
period.
H8 = ' + J + 59:

(10)

U = 48 + 8Q0 + T:,$# L$#

(11)

48 = 6U − T:,$# L$# − 8Q0 + ' + J + 5:9

(12)

6U = VH$#

(13)

L = L$# + 6U

(14)

2

In our model, we consider the existence of retirees only. We abstract away the existence of
pensioners.
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' = '7 + '0 + '9 + '<

(15)

J = J7 + J<

(16)

3.4 Capitalists

The capitalists’ disposable income (HI9 ) is the sum of the profits distributed
by the firms (5=,$# ), by Banks (5:,$# ) and their gains with bank deposits (T=,$# 69,$# ),
all of them discounted from the tax rate (N9 ). The consumption function (49 ) hinges
on disposable income and wealth (:$# ). Wealth is allocated in the banking sector
(69 ), and its amount is equal to the stock of the previous period added to the savings
(HI9 − 49 ).
HI9 = (1 − N9 )(5=,$# + 5:,$# + T=,$# 69,$# )

(17)

49 = %# HI9 + %% :$#

(18)

'9 = N9 (5<,$# + 5:,$# + T=,$# 69,$# )

(19)

: = :$# + HI9 − 49

(20)

69 = :

(21)

3.5 Firms

The firms’ revenue (Y) consists of investment expenditures (I) and the sum of
the consumption of workers, retirees, capitalists and government. Profits (5< ) are the
results of subtracting these earnings from the wage bill (KL$# ), borrowing (T>,$# 9$# ),
taxes ('< ) and firms’ pension system contributions (J< ). The wage bill stems from the
multiplication between the number of workers (N) and the wage rate (W). The
division of the output by the labor productivity (pr) gives the total employment (N).
We assume that wages grow along with productivity3. The firms’ Pension System
contributions is the χ rate multiplied by the wage bill and by the proportion of
contributing firms, denoted by O< .
H = 4!?! + X

(22)

4!?! = 47 + 40 + 49 + 48

(23)

5< = H − KL$# − T>,$# 9$# − '< − J<

(24)

J< = O< YKL$#

(25)

3

We acknowledge that this is a simplification. In the last decades, the wage growth rate is not
following productivity growth.
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'< = N< H

(26)

KL = Q. K

(27)

K = K$# (1 + ['0 )

(28)

Q=

H
\T

\T = \T$# (1 + ['0 )

(29)
(30)

The investment function responds to changes in the capacity utilization,
proxied by the variable u, and the interest rate of loans (T> ). The investment adds to
the pre-existing capital stock, increasing current capital stock (K). Bank loans (∆9)
finance a fixed portion (x) of investments. Retained earnings (5) ) fund the remaining
investments. The difference between total profits and retained earnings is the
distributed profits, which take the form of bank deposits (6< ) at the end of the period
and are distributed in the following period. We follow a simplifying hypothesis that
these deposits are unremunerated.
X = ((" + (# ]$# − (% T@ )^$#
]=

3.6

H
^$#

(31)
(31)

^ = ^$# + X

(33)

∆9 = )X$#

(34)

5) = X − ∆9

(35)

5= = 5< − 5)

(36)

6< = 6<,$# + 5= − 5=,$#

(37)

Comercial Banks

Bank profits (5: ) corresponds to the difference between the sum of the interest
received by loans (T>,$# 9$# ) and government bonds (T:,$# L:,$# ) and the sum of
interest paid to the deposits of capitalists (T=,$# 69,$# ) and to the Central Bank
advances (TA,$# 8I_$# ). The total stock of loans (L) is equal to the previous stock plus
the granting of new loans. The stock of money, here denoted by HPM (High
Powered Money), is the rate of compulsory deposits (μ) multiplied by the sum of
capitalists’ and firms’ deposits.
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5: = T>,$# 9$# + T:,$# L:,$# − T=,$# 69,$# − TA,$# 8I_$#

(38)

9 = 9$# + ∆9

(39)

G13: = `(69 + 6< )

(40)

The modeling for the purchase of government bonds by banks is more
complex. Equation 41 establishes the number of resources available for the purchase
of bonds (L:,' ). If this value is positive, the whole amount is reverted to the
acquisition of bonds (L: ). If it is negative, it means that banks have lent in addition
to their availability of resources, which obliges them to acquire Central Bank
advances (8I_).
L:,' = 69 + 6< − G13: − 9
L: = a
8I_ = a

L:,' ,
0,

L:,' ≥ 0
L:,' < 0

0,
G13: + 9 − 69 − 6< ,

(41)
(42)

L:,' ≥ 0
L:,' < 0

(43)

Interest rates on loans and deposits’ remuneration comply with a simple
mark-up structure.

3.7

T> = T: + d>

(44)

T= = T: − d=

(45)

The Central Bank

The Central bank’s profit results from its interest receipts upon advances to
commercial banks and its’ retention of government bonds. Profits are fully reverted
to the government. We assume that the interest rate of the advances is the same as
the interest rate of the bonds. The Central bank supplies the currency demanded by
the agents. The Central bank is a residual purchaser of public bonds.
5:9 = TA,$# 8I_$# + T:,$# L:9,$#

(46)

TA = T:

(47)

G13 = G13:

(48)

L:9 = L − L:

(49)

4. Model parameters, calibration, and scenarios
Stock Flow Consistent (SFC) models require parameters usually obtained
from economic censuses, national accounts, empirical papers, assumptions that rely
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on economic theory and country’s specificities. We calibrate the present model to
describe the Brazilian economy schematically. We summarize the parameter values
and their references in Box 1.
Box 2 – Model’s parameters
Parameters

Description

Values

References

N7

Tax rate upon workers

30%

Afonso,

N0

Tax rate upon retirees

30%

Soares and

N9

Tax rate upon capitalists

22%

Castro
(2013)
Rabelo and

N<

Tax rate upon firms

7%

Oliveira
(2015)

P

Pension system tax/contribution - workers

10%

Y

Pension system tax- firms

18%

O7

Formal workers (proportion to total workers)

O<

Formal firms

73% -

BRASIL

90%

(2016)

80% 95%
Kappes and

V

Government deficit (in relation to GDP)

3%

Milan
(2017)

%#

%%

['0
("

Capitalists’ marginal propensity to consume
out of income
Capitalists’ marginal propensity to consume
out of wealth

Growth rate of productivity
Investment function constant

61%

Leite (2015)
Ludvigson

2%

and Steindl
(1999)

0% 1,4%

Cavalcante
e De Negri
(2014)

0.01
257
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Elasticity of investment in relation to
(#

0.02

capacity utilization

Kappes and
Milan

(%

Elasticity of investment in relation to interest
rate

0.02

(2017)
Santos

T:

Government bonds’ interes rate

6%

TA

Interest rate upon Central Bank advances

6%

d>

Markup on loans

1%

Calibrated

d=

Markup deposits

2%

Calibrated

`

Required reserves

15%

BCB (2012)

R
S
)

Value of pension benefits in relation to
wages

100%

(2017)
Santos
(2017)

BRASIL
(2016)

Proportion of retirees in relation to the total

34% -

BRASIL

number of workers

50%

(2016)

Proportion of investment financed with
loans

60%

Santos
(2017)

Source: author’s elaboration.

SFC models are solved numerically. Thus, parameters’ values and the
endogenous variables’ initial values were imputed in the Eviews VII software. We
achieved the models’ steady state after some periods of simulation when all variables
grow at the same rate and, consequently, the proportions between stocks and flows
remain constant. We analyze these proportions in the next section.
We will explore the steady state results for eight sub scenarios, reported in
Table 3. We consider three types of changes in the economy. Firstly, we consider the
process of demographic transition, captured through an increase in the proportion of
beneficiaries in relation to employees (ρ). Secondly, we consider an increase in the
formalization of the economy through a higher proportion of workers (O7 ) and a rise
in the number of firms (O< ) contributing to the system. Finally, situations with
productivity growth and constant productivity (['0 ) are applied.
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Table 3 also shows the parameter values used in the simulations. The first
division in our scenarios is between a situation like the current one in the Brazilian
pension system (named “current beneficiaries”) and another in which a demographic
transition has occurred, translated into a higher proportion of beneficiaries (named
“increased beneficiaries”). In the first situation, the retirees’ group has the size of 34%
of the total employed workers. The relationship between the number of beneficiaries
and the total number of employees was based on the pension system dependency
ratio (RDP). In the second case, this percentage grows to 50%.
A second division is between two different shares of the formal economy, one
similar to the current situation (named “current formalization”) and another with less
informality (named “increased formalization”). In the first case, we consider that 80%
and 73% of firms and workers, respectively, are formal. The proportion of taxpayers
in relation to total employees was measured from the pension system dataset for the
year 2014. We considered the percentage of contributing firms regarding the level of
participation in GDP, following the results found by ETCO (2014). In the second
case, we assume an increase to 95% and 90% for firms and workers, respectively.
Lastly, we divide our simulations between an economy without productivity
growth and another in which productivity grows at 1.4%4. those are, respectively,
the “no ['0 ” and the “with ['0 ” cases. The values of the remaining parameters of the
model are equal in every scenario, as shown in Box 1.

4

Which is the Brazilian average for the period of analysis (IPEA, 2011).
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Table 3 – Parameters’ values used in each scenario
Scenarios
Current beneficiaries
Variable description

Increased beneficiaries

Current

Increased

Current

Increased

formalization

formalization

formalization

formalization

No

With

No

With

No

With

No

With

!!"

!!"

!!"

!!"

!!"

!!"

!!"

!!"

73%

73%

90%

90%

73%

73%

90%

90%

80%

80%

95%

95%

80%

80%

95%

95%

34%

34%

34%

34%

50%

50%

50%

50%

0%

1.4%

0%

1.4%

0%

1.4%

0%

1.4%

Percentage of
contributing workers
in relation to total
workers ("# )
Percentage of
contributing firms in
relation to total firms
("$ )
Percentage of retirees
in relation to total
workers (#)
Productivity growth
(!!" )
Source: author’s computations.

5. Results

Table 4 shows the results of the eight sub scenarios in steady state. In the next
subsections, we will present our main exercises: (i) an increase in the number of
beneficiaries; (ii) increased formalization in the labor market; and (iii) rises in labor
productivity. We will analyze three main variables: GDP growth rate, the proportion
of the pension system deficit relative to GDP, and the proportion of benefits paid in
relation to GDP.
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Table 4 – Simulation results
Scenarios
Current beneficiaries

Increased beneficiaries

Current

Variable
GDP
growth

Current

formalization

Increased

formalization

Increased

(baseline)

formalization

(baseline)

formalization

No

With

No

With

No

With

No

With

!!"

!!"

!!"

!!"

!!"

!!"

!!"

!!"

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

2.00%

2.00%

2.15%

2.15%

2.00%

2.00%

2.15%

2.15%

-7.63%

-7.35%

-5.07%

-4.79%

-17.23%

-16.82%

-14.67%

-14.25%

20.40%

20.12%

20.40%

20.12%

30.00%

29.59%

30.00%

29.59%

(Pension
system
deficit*)/G
DP
Benefits/G
DP

Source: author’s computations.
*The pension system result (deficit) abstract away from government transfers.

5.1 Increasing the number of beneficiaries

One of the indicators of the unsustainability of a pay-as-you-go-pension
system is population aging. As the demographic transition (from a younger to an
older population) takes place, the cost of maintaining retirees rises since the number
of taxpayers becomes relatively lower than the number of beneficiaries. In this
situation, we applied reforms in the system to ensure its sustainability. Increases in
the contributions and the retirement age and decreases in benefit values are some
available measures that can balance the system.
In the model developed here, we applied a set of simulations to evaluate the
impact of population aging on economic growth and pension system deficit. We
tested scenarios in which the number of beneficiaries as a proportion of employees
has expanded. The results suggest that this increase does not affect GDP growth, but
it raises the pension system’s deficit. This can be seen by comparing the first four
columns of table 4 (which shows the simulation results calibrated with current
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demographic values, with different assumptions regarding the degree of informality
and productivity growth) against the last four columns (which shows the impacts of
a demographic change, again with different assumptions on informality and
productivity).
Although it does not affect growth in the SFC model, the demographic change
affects the pension system results. This is a consequence of the increased amount of
paid benefits and expresses the increase in the dependency ratio of the pension
system. In general, population aging is one of the factors that pressure social security
accounts. This is central to the arguments in favor of the reform of the Brazilian
pension system (Giambiagi et al., 2004).
Comparing column 1 with column 5, we can assess the impact of the
demographic change in an economy with Brazilian’s current levels of formalization
and no improvements in productivity. The increase in the number of beneficiaries
does not affect GDP growth, as can be seen in the first line. The pension system
deficit, by its turn, experiences a marked increase, from 7.63% of GDP to 17.23% of
GDP. Therefore, the demographic change will harshly affect the pension system
budget. The proportion of benefits in relation to GDP also increases, from 20.40%
to 30%.
A possible reaction of the government in the face of the demographic change
is to pursue policies that increase the formality of the economy and, therefore,
increase the system’s revenues. A comparison of column 1 with column 7 points out
some of these features. The simulation results show that the system deficit will
increase, but for relatively lower levels than when the change in formalization level
is not considered (comparison between columns 1 and 5). The results improve by a
small amount when productivity growth is added to the model (comparing columns
5 with 6 and 7 with 8).
5.2 Increased Formalization in the Labor Market

The way in which the pension system is structured does not prevent informal
workers from contributing to it and accessing rights and guarantees. However, some
factors make it difficult for these individuals to be socially covered. The first is the
lack of familiarity that workers have with the bureaucratic processes related to the
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contribution of the system (Arantes, Delfino and Gomes, 2016). The second factor
relates to some economic characteristics of informal occupations, such as low wages
and the high turnover rate that hinder the continuous payment of contributions from
workers in the informal sector and wish to contribute (Fagundes and Souza, 2017).
Based on these evidences, our simulations assess the impact of an increase in
economic formality. The results indicate that the increase in formalization leads to a
reduction in the pension deficit as a proportion of GDP between 2 to 3 percentage
points in each scenario. Table 4 shows this by comparing the columns below the
heading “current formalization” against the columns under the heading “increased
formalization”, for each assumption regarding the number of beneficiaries. This
evidence is in line with Arbache (2003), and Delgado et al. (2007), Song et al. (2012)
and Boulhol (2019), who assesses the influence of the policies of reducing informality
on social security revenues and, consequently, on the social security balance.
The model also estimates the impact of the reduction of informality on
economic growth. Regardless of the assumption about the beneficiaries' number or
productivity growth, the comparison of different scenarios seems to point out that a
higher degree of firms’ and workers’ formalization contributes to GDP growth. A
possible ‘inside the model’ explanation for this dynamics is the following. On the
one hand, an increase in formalization reduces firms’ profits, which will translate into
lower capitalists’ consumption in the next period. However, the parameter α_1
mediates this consumption decrease, which is calibrated at 0.61 (see box 1). On the
other hand, a higher formalization also means a future increase in government
expenditures due to the greater number of benefits paid5. Therefore, there is a net
increase in overall expenditure, leading to higher growth. Another explanation,
which cannot be inferred directly from our model, is that countries with higher levels
of informality tend to have lower rates of economic growth when compared to other
countries - see, for example, Schneider, Buehn and Montenegro (2010). One of the
causes for sluggish growth in scenarios of high informality is the firms’ reduced scale
of production. Informal companies usually operate with a small production scale to
avoid being detected by the government. Consequently, there is a low a reduced

5

We thank an anonymous referee for bringing this to our attention.
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achievement of labor productivity gains, leading to lower rates of growth. In Brazil,
the low production scale in conjunction with other economic, social and cultural
variables further deepens the problem of informality and structural heterogeneity.
5.3 Increases in Labor Productivity

Population aging is a global trend that imposes a challenge for the
management of Pension Systems worldwide. In this context, the rise in labor
productivity becomes central to reduce the negative effects caused by demographic
transition. One of the ways this occurs is by the impact on the economic growth
generated by increased productivity. Rada (2009) argues that economic growth
hinges on two key variables: the labor force growth and labor productivity. The
increase in productivity can compensate the reduction in the size of the labor force.
Paley (1998) and Yasar (2013), based respectively on American and Turkish
economies, show that the incorporation of productivity into the analysis alters the
very diagnosis of the demographic situation. Based on the concept of effective
workers (which incorporates productivity), they debunk the argument that
population aging was responsible for weakening the funding capacity of the pension
system.
Here, we also test the capacity of labor productivity to improve the system’s
result in the SFC model. The change of a regime without productivity growth for a
scenario with increasing productivity (comparison between the values below “no
['0 ” columns against “with ['0 ” columns) causes a small reduction in the system
deficit. This result is in line with Paley (1998), Rada (2009), Song et al. (2012), Yasar
(2013) and Moreira et al. (2019). However, this reduction is insufficient to generate
a surplus.
To capture the different ways in which productivity impacts the economy,
we can analyze the results when both the number of formal workers and productivity
increases (columns 1 against column 4, or columns 5 against column 8).
In column 4, in which there is no change in the number of beneficiaries, the
analyzed variables improved across the board. Economic growth increased and the
social security deficit dropped, reaching its lowest level found in the simulations. The
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number of beneficiaries also decreased. In column 8, in which the increase in the
number of beneficiaries plays a part, the results also improved.
Since productivity (via Okun’s law) and degree of formality are both procyclical variables, economic expansion can alleviate the pressures in the pension
system. In this way, policymakers should avoid draconian reforms based on forecasts
results from mainstream models (that do not allow for productivity growth and rise
in formality) during a slump.

6. Concluding remarks
There are two main interpretations of the Brazilian pension system’s
sustainability. The first is the mainstream view, which pushes for draconian reforms
since the benefits given by the Federal Constitution of 1988 were too benevolent and
above the country’s possibilities (Zilberstajn et al., 2017). The second view argues
that the system is in balance when the correct approach (including tax payments
originally directed to finance the system) is applied (Puty et al., 2017). We offered a
third intermediary view that claims that this sustainability should include labor
informality (Dotsey et al., 2015) and labor productivity, two variables lacking in the
debate (Yasar, 2013). We have explored these ideas by developing an empirically
calibrated stock-flow consistent model, in which we analyzed the impacts of
demographic change, reduction of informality and increases in labor productivity.
Overall, the results indicated positive effects on the economy, something that
is in line with other studies that incorporate these variables (Song et al., 2012;
Boulhol, 2019). However, the increased formalization and productivity were unable
to reverse the system deficit, a result that is also found in Moreira et al. (2019) when
analyzing the Portuguese social security system. This result helps to understand
some of the challenges for overcoming Brazilian pension problems.
Our findings show that raising the number of contributors reduces the deficit
of social security and generates a small increase in economic growth, but the system
is unable to reach a surplus. Moreover, incorporating productivity growth maintains
unaltered the overall dynamics of the system, although it modestly improves the
results. The present paper opens space for other analyzes using the SFC
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methodology, serving as a basis for assessing the impact of other policies on the
pension system.
The results reinforce the role of government transfers in ensuring the system’s
sustainability (Ferreira, 2007; Lavinas and Cordilha, 2019; Melis and Truda, 2020).
However, economic growth combined with a rise in formalization allows for a lower
dependence of the pension system on government transfers. Therefore, a possible
aim of future reforms should be in stabilizing the dependence of the system on
government transfers. In this sense, it seems that with growing labor productivity
and formality, the necessity of the system in using draconian reforms diminishes
considerably. We propose a reform of the system to guarantee its long-term balance,
but this reform is not as profound as the mainstream suggests.
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