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In Brazil generous public sector pensions have induced civil servants to retire on average

at age 55. In this paper we assess the efficiency gains from eliminating such policy

induced early retirement in a two-sector overlapping generations economy. We find the

adverse effects of that policy are significant. Specifically, the generosity of public sector

pensions which induces civil servants to retire 5 years prematurely (at age 55 rather

than at age 60) is often associated with decreases in steady state output (GDP) of almost

3% and welfare losses in the private sector of more than 3% of consumption.

& 2008 Elsevier B.V. All rights reserved.
0. Introduction

‘Early’ retirement has become common in the industrialized economies. Blöndal and Scarpetta (1998) report that the
effective retirement age in the European Union for men has dropped from about 66 in 1960 to about 61 in 1995, even
though life expectancy has increased by roughly 7 years in this period. The retirement age for women has experienced a
similar drop. Explanations for the drastic increase in early retirement can be found in Gruber and Wise (1998, 1999),
Blöndal and Scarpetta (1998), Visco (2000), Herbertsson (2001), Blundell et al. (2002), Herbertsson and Orszag (2003),
Conde-Ruiz et al. (2005) and Wise (2005). The literature has established a credible empirical link between the design of
pension systems and early retirement decisions.1 The costs of early retirement have been estimated to be 7:1% of GDP in
2000 and up to 9:1% of GDP in 2010 for the OECD average (compare Herbertsson and Orszag, 2003).

The literature on early retirement for the most part has focused on the industrialized world and ignored developing
countries. While this emphasis is justified to some degree, generous pension schemes and early retirement issues are not
ll rights reserved.

000), Cremer and Pestieau (2003), and Fehr et al. (2003) among others, use overlapping generations

retirement decisions. Rust and Phelan (1997) and Jimenez-Martin and Sanchez (2003) estimate life-

the impact of these programs on retirement behavior. Kopecky (2005) argues that early retirement

ase in the real wage and a decrease in the price of leisure goods.

www.sciencedirect.com/science/journal/dyncon
www.elsevier.com/locate/jedc
dx.doi.org/10.1016/j.jedc.2008.08.012
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Fig. 1. Distribution of early retirement per age group in the public sector. Source: Ministry of the Budget and Administration, 2002.
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wholly absent in developing countries. In Brazil for example, the public sector pensions rank among the most generous in
the world. Public sector pensioners account for about 5% of all pensioners, yet receive about 50% of the value of all pension
payments. The average contribution rate to public sector pensions is 11% and much lower than the 27% contribution rate in
the urban private sector.

In Brazil, the constitutionally guaranteed provision of ‘integrality’ ensures that public sector pensions match the income
in the year of retirement of the civil servant. This tends to be the maximum income in the career of a civil servant since pay
grades are a function of seniority.2 The provision of ‘parity’ ensures that pension payments are indexed to wages of current
civil servants. After retiring from the civil service, workers are allowed to accept jobs in the private sector and receive public
sector pensions simultaneously. As a consequence, civil servants retired on average at the age of 54 in 2002 (it was 49 in
1988). Fig. 1 illustrates the retirement age distribution of civil servants of the federal government.3 In addition, there have
been serious fiscal consequences of generous public pension schemes for civil servants. According to Souza et al. (2004) the
deficit of the public sector pension system amounts to 3:5% of private sector output.

There is a relatively small literature studying the macroeconomic effects of pension reform in developing countries
generally or in Brazil specifically. Ferreira (2004) studies social security reform in Brazil in the context of a small open
economy. He finds large welfare gains from social security reform. Ferreira (2005) studies the redistributional effect of
social security reform along the transition in Brazil. Glomm et al. (2006) study the macroeconomic effects of generous
public sector pensions, concentrating on opportunity costs of foregone public education expenditure and infrastructure
investment. These studies abstract from early retirement effects.

In this paper we investigate the effects of generous pensions for civil servants. We use an overlapping generations model
where a period is 5 years and where individuals become economically active at age 20 and die for sure at age 90. The
government hires civil servants and invests in a public capital which are combined to produce a productive public good.
Retirement among civil servants may occur endogenously depending on the design of the pension system. Upon early
retirement civil servants are free to pursue employment in the private sector. All government expenditures are financed by
taxes on labor, consumption and capital income. We calibrate the model to data from Brazil. We calculate steady state
equilibria as well as transition paths between pre- and post- reform steady states.

We find that the efficiency gain from eliminating such policy induced early retirement in the public sector is substantial.
Specifically, the policy reform, which decreases the generosity of public sector pensions, and simultaneously increases the
minimum retirement age of civil servants from age 55 to 60, increases steady state private sector output by about 3% when
2 This level of generosity was even surpassed in the military and police force, where the first pension payment matched the highest salary one pay

grade higher. Phantom promotions just before retirement may contribute even more to the generosity of public sector pensions.
3 In 1998, a minimum retirement age for civil servants was established at age 53 for men and age 48 for women.
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labor tax rates adjust to clear the government budget. Apart from a grandfathering effect, transitions indicate a smooth
monotone progression between steady state output levels. Welfare calculations indicate that private sector workers gain up
to 3% of their average consumption while civil servants lose up to 10% of their average consumption from this reform. In
addition, we find that effects of similar magnitude are obtained when the government uses alternative tax-financing
instruments such as a capital income tax and a consumption tax to clear the government budget. We also find that the
quantitative effects are fairly robust to changes in the parameters.

The adverse effects of generous public pensions to civil servants have been neglected in the literature because of the
assumption that this public pension scheme is relatively small and affects only the public sector workers, who represent
only a small fraction of the labor force. The key contribution of this paper is to show that reforming the pension system of a
small minority within the group of retirees can substantially change the productivity of an economy when accounting for
all general equilibrium effects. We identify three general equilibrium channels that magnify the adverse effects of generous
public sector pensions. First, the generosity of public sector pensions causes early retirement in the public sector, which
reduces human capital available to the production of public goods. Second, the generosity of public sector pensions results
in adverse effects on savings. Third, the generous public pension scheme is costly and has to be financed by taxes, which in
turn influence capital accumulation, labor supply and income.

The paper is organized as follows. The next section describes the model. In Section 2 we calibrate the model to
Brazil and in Section 3 we conduct policy experiments. We conduct extensive sensitivity analysis for these policy reform
experiments in Section 4. Section 5 concludes. The appendix contains the algorithm used to compute the equilibrium.

1. The model

1.1. Heterogeneity

There is a large number of individuals who live for J periods in an overlapping generations economy. Each period
accounts for 70=J years, with working life beginning at age 20 and life ending for sure at age 90. Workers are born with an
innate ability that determines their income type. Workers cannot change their income type. In addition, workers can either
work in the public sector (civil servants, etc.) or in the private sector. We denote the income type as variable income and the
working sector as sector 2 fprivate; governmentg. The agent is then characterized by her age, income type, and working
sector. We summarize the income type and working sector in state vector y ¼ fincome; sectorg. Here and in the rest of the
paper the subscripts p and g denote private sector workers and public sector workers, where g stands for government
workers. When we need to distinguish between the sectors we fix the sector variable to one of the sectors and use the
following state vector notation yp ¼ fincome; sector ¼ privateg and yg ¼ fincome; sector ¼ governmentg. The variable mjðyÞ
denotes the mass of age j agents with characteristic y. We normalize the population to equal one so that aggregate variables
correspond to per capita values. It then has to hold that

PJ
j¼1

P
y mj;tðyÞ ¼ 1.

1.2. Demographics

Agents have a random life time. At each age, agents face a mortality shock with a given survival probability pj.
Population grows exogenously at net rate n. We assume stable demographic patterns so that, similar to Huggett (1996), age
j agents make up a constant fraction mj;t of the entire population at any point in time t. The relative size of each age cohort
mj;t ¼

P
y mj;tðyÞ is recursively defined as

mj;t ¼
pj

ð1þ nÞ
mj�1;t .

Similarly, the cohort size of agents dying each period (conditional upon survival up to the previous period) can be defined
recursively as

uj;t ¼
1� pj

ð1þ nÞ
mj�1;t .

1.3. Human capital

Agents are endowed with one unit of time each period and they provide ð1� lj;tÞ units of time to the labor market with a
given efficiency ejðyÞ. We later calibrate this efficiency profile to data which exhibits the typical hump-shaped profile as
shown in Fig. 2. Effective labor (or human capital) at each age is given by hj;tðyÞ ¼ ð1� lj;tÞejðyÞ.

1.4. Preferences and technology

Within each period of their lives agents value a single consumption good and leisure. The per period utility function is

uðcj;tðyÞ; lj;tðyÞÞ ¼
ððcj;tðyÞÞgðlj;tðyÞÞ1�gÞ1�s

1� s ,

where c and l is consumption and leisure, respectively, 0ogp1, and s40.
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The privately supplied good is produced from three inputs, a public good Gt , the private physical capital stock Kt , and
effective labor (human capital) in the private sector Hp;t according to the production function

Yt ¼ AGa1
t Ka2

t ðHp;tÞ
a3 ,

where ai 2 ð0;1Þ for i ¼ 1;2;3;a2 þ a3 ¼ 1 and A40: Private physical capital depreciates at rate dp each period. The public
good in the production function can be thought of as the stock of public infrastructure such as roads. This public good is
made available to all firms at a zero price. Specifications of the technology similar to this one have been used by Barro
(1990), Turnovsky (1999) and others. Total factor productivity grows exogenously at rate g.

The government uses effective labor (human capital) of civil servants Hg;t and public capital Kg;t to produce
infrastructure capital according to

Gt ¼ Z½ðKg;tÞ
Z
þ wðohHg;tÞ

Z
�1=Z, (1)

where Z;w40 and Zp1. The fraction of civil servants contributing to the production of the public good is denoted
oh 2 ð0;1Þ. The remaining civil servants produce government consumption that is not explicitly modelled. This set-up
allows us to not only study the costs of public sector compensation including pension benefits but also the benefits of
public sector employment.

Public capital evolves according to

Kg;tþ1 ¼
1

ð1þ nÞð1þ gÞ
ðð1� dgÞKg;t þ Ig;tÞ, (2)

where we detrend capital with the exogenous population growth rate and the exogenous technological growth rate. Public
capital depreciates at rate dg in each period.

1.5. Labor markets and pension legislation

At the beginning of their life, workers are assigned employment in either the public or private sector. We assume that
for all cohorts in all time periods public sector wages exceed those in the private sector in order to mimic the more
generous public sector compensation scheme.4 Hence all workers prefer public sector jobs to jobs in the private sector. We
maintain the assumption that all workers of a given age and type are equally productive regardless of whether they work in
the public or private sector.

Labor market legislation allows workers to stay in their initial employment until age Jw after which workers have to
retire from their initial employment. We think of this as the standard retirement age, i.e. age 65. There is also an early
retirement option. Workers have to work at least until period Je, so that the earliest possible retirement period is Je þ 1.
Workers can choose their number of working periods J1;tðyÞ in the first job. It follows that JepJ1;tðyÞpJw:

Retirees from both the private and public sector can start working again in a second job in the private sector with lower
labor productivity. The latter is the result of a skill mismatch. We use factor 0ojo1 to scale the efficiency profiles
downwards. Agents are allowed to work in the second job as long as they want while receiving public pensions.5 To
simplify our calculations, we force all agents into retirement in their last period of life J.

1.6. Government

1.6.1. Government expenditures

The government uses public capital and hires labor to produce public goods. The fraction of civil servants is fixed
exogenously at Ng . The total wage bill of currently employed civil servants is

Wageg
t ¼

X
yg

XJ1;tðyg Þ

j¼1

wg;thj;tðygÞmj;tðygÞ.

The wages of civil servants are set by the government using a markup x41 over private sector wages so that wg;t ¼ x�wp;t .
Private sector wages are determined by the market.
4 Households in Latin American countries seem to prefer to work in the public sector according to recent evidence. Not only are pension schemes

more generous, but also the active wages are higher (see Gregory and Borland, 1999; Panizza, 2001; Panizza and Qiang, 2005). Since we do not model the

more secure career path in the public sector (low risk of job loss) vs. the private sector (high risk of job loss) we think that job security should be reflected

in higher wages in the public sector.
5 It is not uncommon in Brazil for public sector early retirees to take a job in the private sector. The possibility of receiving pension payments while

working elsewhere constitutes a strong incentive for early retirement. According to Bonturi (2002) public sector early retirees were even able to draw

pension payments while working in a different public sector position.
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The government runs two separate pension programs, one for public sector workers and one for private sector workers.
All workers of both sectors are required to participate in the pension program and consequently have to pay a social
security tax tp

SS;t and tg
SS;t . When workers retire they stop paying labor taxes and social security taxes and are eligible to

draw pension benefits. We summarize the payout formula to private sector retirees as

Penj;tðypÞ ¼ Cp
j ðJ1;tðypÞÞ �

PJ1;t ðypÞ

i¼J1;t ðypÞ�Jp
wp;t�J1;tðypÞþi � hi;t�J1;t ðypÞþiðypÞ

Jp

0
@

1
A, (3)

and the payout formula to public sector retirees as

Penj;tðygÞ ¼ Cg
j ðJ1;tðygÞÞ �

PJ1ðyg Þ

i¼J1;t ðyg Þ�Jg
wg;t�J1;t ðyg Þþi � hi;t�J1;t ðyg ÞþiðygÞ

Jg

0
@

1
A. (4)

Note that the payout formula for private sector workers is a function of the workers average earnings income over the last
Jp periods of her active work life. The respective period for public sector workers is denoted Jg : The government policy
variables Jp and Jg are set exogenously. The terms in brackets on the right hand side of Eqs. (3) and (4) represent average
earnings of agent type yp and yg over the most recent Jp, respectively, Jg periods. Therefore, the size of the pension program
will be endogenous.

In addition, the pension scheme for public sector workers differs from the scheme for private sector workers in
contribution rates and benefit payments. The government sets the pension replacement rates for the private sector
Cp

j ðJ1ðypÞÞ as a function of the retirement age J1;tðypÞ and the current age j of a type yp private sector worker. An agent who
retires later will enjoy a higher pension replacement rate, i.e. Cp

j ð65 yearsÞ 4Cp
j ð60 yearsÞ.

The pension replacement rates for public sector workers Cg
j ðJ1;tðygÞÞ will be set to capture the principle of ‘integrality’ in

the public sector. That is, a public sector worker does not experience a drop in income after retirement, because the
government fully replaces the most recent active wage income. In this sense Jg ¼ 1; as pensions are calculated according
to last periods’ wage income. Note also that transfer payments to public sector workers are more generous than
replacement rates for private sector workers. The total pension payments to private sector retirees and to public sector
retirees are given by

Penp
t ¼

X
yp

XJ

j¼J1;t ðypÞþ1

Penj;tðypÞmj;tðypÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{total pensions private sector workers

and

Peng
t ¼

X
yg

XJ

j¼J1;t ðyg Þþ1

Penj;tðygÞmj;tðygÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{total pensions public sector workers

.

The government finances investment in public capital Ig;t ¼ Dg;tYt ; where Dg;t is the fraction of private sector output
allocated to public investments. The remainder of government expenditure Cg;t is government consumption. We let Cg;t ¼

DCg;t
Yt : Government consumption is unproductive.
1.6.2. Government income

The government collects labor income taxes in the private and public sector at the rates tp
L;t and tg

L;t as well
as social security taxes tp

SS;t and tg
SS;t : Accidental bequests are taxed at tBeq;t : The government also taxes consumption at rate

tC;t and capital income net of depreciation ðqt � dÞKt at rate tK;t ; where qt is the capital rental rate. The total tax revenue is
given by

Taxt ¼ ðtp
L;t þ t

p
SS;tÞ

X
yp

XJ1;t ðypÞ

j¼1

wp;thj;tðypÞmj;tðypÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{labor and soc: sec : income tax from the private sector

þ ðtg
L;t þ t

g
SS;tÞ

X
yg

XJ1;t ðyg Þ

j¼1

wg;thj;tðygÞmj;tðygÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{labor and soc: sec : income tax from the public sector

þ tBeq;t

X
y

XJ

j¼1

aj;tðyÞuj;tðyÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{tax on bequests

þ tK ;tðqt � dÞKt

zfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflffl{capital tax

þ tC;t

X
y

XJ

j¼1

cj;tðyÞmj;tðyÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{consumption tax

.
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In addition, the government can borrow a fixed fraction DB;t of its GDP each period. These bonds are denoted Bt ¼

DB;t�1Yt�1; where DB;t is set exogenously. Newly issued bonds have to be detrended with the exogenous technological
growth rate g and the exogenous population growth rate n.6

The government budget constraint can be expresses as

RtBt þ Cg;t þ Ig;t þWageg
t þ Penp

t þ Peng
t ¼ Taxt þ ð1þ gÞð1þ nÞBtþ1. (5)

1.7. Household problem

In general, households in the private and the government sector have similar maximization problems. Households
decide their consumption and leisure fcj;tðyÞ; lj;tðyÞg

JðyÞ
j¼1 as well as their retirement age J1;tðyÞ as a function of their income

type and their sector of employment as summarized in state vector y: The household problem can be recursively
formulated as

Vtðaj;tðyÞ; yÞ ¼ max
fJ1;t ðyÞ;aj;t ðyÞ;cj;tðyÞ;lj;tðyÞg

ððcj;tðyÞÞgðlj;tðyÞÞ1�gÞ1�s

1� s
þ bpjVtþ1ðajþ1;tþ1ðyÞ; yÞ

( )

(6)

s.t.

ð1þ tC;tÞcj;tðyÞ þ ð1þ gÞajþ1;tþ1ðyÞ

¼ Raj;tðyÞ þ ð1� tL;t � tSSÞð1� lj;tðyÞÞejðyÞwt þ ð1� tBeq;tÞTBeq;t if jpJ1;tðyÞ;

ð1þ tC;tÞcj;tðyÞ þ ð1þ gÞajþ1;tþ1ðyÞ

¼ Raj;tðyÞ þ ð1� lj;tÞjejðyÞwp;t þ ð1� tBeq;tÞTBeq;t þ Penj;tðyÞ if J1;tðyÞoj;

8>>>>><
>>>>>:

0paj;tðyÞ,

0olj;tðyÞp1,

where j ¼ f1;2; . . . ; Jg, wt ¼ fwp;t or wg;tg is the individual wage rate which is sector specific, TBeq are transfers of accidental
bequests that are taxed at rate tBeq;t and j is a scaling factor that reduces the efficiency profile of retirees who continue to
work in the informal sector with lower efficiency.

1.8. Firm problem

The firm problem is standard. Given the level of public capital and given factor prices, firms hire physical capital and
human capital to maximize profits. Thus a firm’s problem is

max
ðHp;t ;Kt Þ

FðGt ;Kt ;Hp;tÞ �wp;tHp;t � qtKt given ðwp;t ; qt ;GtÞ.

1.9. Definition of equilibrium

Given the government policy ftp
L;t ; t

g
L;t ; t

p
SS; t

g
SS; tB;t ; tK;t ;DB;t ;DG;t ;DCG ;t ; xt ;C

p
t ;C

g
t g
1
t¼0, a competitive equilibrium with

endogenous retirement is a collection of sequences of decisions of privately and publicly employed households
flj;tðyÞ; cj;tðyÞ; ajþ1;tþ1ðyÞg1t¼0 and sequences of retirement decisions fJ1;tðyÞg

1
t¼0 where j ¼ f1; . . . ; Jg, and sequences of aggregate

stocks of private physical capital and private human capital fKt ;Hp;tg
1
t¼0; sequences of aggregate stocks of public physical

capital and public human capital fKG;t ;Hg;tg
1
t¼0; and sequences of factor prices fwp;t ;wg;t ; qtg

1
t¼0 such that
(i)
6

the sequence flj;tðyÞ; cj;tðyÞ; ajþ1;tþ1ðyÞg1t¼0 solves the household maximization problem (6),

(ii)
 factor prices are determined by

qt ¼ a Yt

Kt
,

wp;t ¼ ð1� aÞ
Yt

Hp
t

,

wg;t ¼ xwp;t ,

Rt ¼ 1þ ð1� tK;tÞðqt � dpÞ ¼ 1þ ð1� tK;tÞrt ,
Fuster et al. (2005) use similar exogenous growth rates.
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Fig. 2. Efficiency-age profiles of private and public sector workers by ability type and pension replacement rates as a function of the year of retirement.
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(iii)
7

simpl

expor
8

detre
aggregate variables are given by

At ¼
X
y

XJ

j¼1

aj;tðyÞmj;tðyÞ þ
X
y

XJ

j¼1

aj;tðyÞvj;tðyÞ

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{accidental bequests

,

Kt ¼ At � Bt ,

Hp
t ¼

X
yp

XJ

j¼1

hj;tðypÞmj;tðypÞ þ
X
yg

XJ

j¼J1;t ðyg Þþ1

hj;tðygÞmj;tðygÞ;

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{public sector retirees working in ðinformalÞ private sector

Hg
t ¼

X
yg

XJ1;t ðyg Þ

j¼1

hj;tðygÞmj;tðygÞ,

St ¼
X
y

XJ

j¼1

ajþ1;tþ1ðyÞmj;tðyÞ,

Ct ¼
X
y

XJ

j¼1

cj;tðyÞmj;tðyÞ,
(iv)
 commodity markets clear7

Ct þ ð1þ gÞSt þ Ig;t þ Cg;t ¼ Yt þ ð1� dpÞKt þ Bt ; 8
Since the public good G is an input into private sector production of Y ; the public sector wage bill is already contained in the measure of Y : For

icity we do not take net exports into account when expressing policy parameters as percentage of GDP. Since according to WorldBank (2006) net

ts in Brazil are only approximately 1:5% of GDP we think this is an acceptable compromise.

The aggregate savings St already incorporates the exogenous population growth rates via the population weight m: We therefore only have to

nd with the exogenous technological growth rate g.
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(v)
Table
Educa

Incom

Educa

Total

Publi

Priva

9

proof

Ou

stead

lead t

Comp
10

11

1981–
12

indica

Queir
accidental bequests are returned in lump sum transfers to surviving agents

TB;t ¼

P
yp

PJ
j¼1aj;tðypÞuj;tðypÞ þ

P
yg

PJ
j¼1aj;tðygÞuj;tðygÞP

y
PJ

j¼1mj;tðyÞ
,

(vi)
 and the government budget constraint (5) holds.
2. Calibration

We solve the model for steady states using a numerical algorithm similar to Auerbach and Kotlikoff (1987). This
algorithm solves a complicated set of non-linear equations using an iterative technique commonly referred to as the
Gauss–Seidl method. The algorithm starts with a guess of various endogenous variables and treats them as exogenous.
Then the algorithm solves for a new set of endogenous variables. If the new set of endogenous variables equals the original
guesses, a solution to the system has been found and the algorithm stops. Otherwise, we take linear combinations of the
guessed variables and the new solutions for the variables and start all over. Once the algorithm converges to a steady state,
we compare the model’s outcome to moments in the data for Brazil. We then conduct a policy experiment (reduction of
public sector pension generosity together with an increase in the mandatory retirement age of public sector workers) and
calculate the new steady state. We use a similar algorithm to solve for transitions between these two equilibrium
allocations. We describe the algorithm more formally in the appendix.9

2.1. Heterogeneity

We calibrate a J ¼ 14 period OLG model to Brazilian data. Each model period corresponds to 5 years. Agents become
economically active at age 20 and die for sure at age 90. We differentiate among four income types and two sector types,
y ¼ fincome ¼ f1;2;3;4g; sector ¼ fprivate; publicgg. We calibrate the relative size of the four income groups according to data
from Ferreira et al. (2003) on educational attainment in Table 1. In addition, Panizza (2000) reports that roughly 60% of all
public sector workers in Brazil have a high-school or university degree. We assume an even split between workers with 9–12
years of education and workers with 12þ years of education. We now know the absolute number of workers per education
group as well as the decomposition of workers per education group in the public sector. We can therefore calculate the
decomposition of workers per education group in the private sector as a residual. We report these numbers in the last row of
Table 1. The fraction of public sector workers is fixed exogenously at Ng

¼ 7% (Social Security Ministry of Brazil, 2002).

2.2. Demographics

The survival probabilities are calculated from Brazilian life tables for the year 2001.10 The population growth rate is
equal to n ¼ 7:73% per period which corresponds to an annual growth rate of 1:8%.11 This results in 14:16% of the
population being older than 65. Carvalho and Wong (2004) report roughly 15% for the year 2000 for that ratio.12 We
summarize the initial parameter choices for our model in Table 4.
1
tional attainment of labor force

e group 1 2 3 4

tion in years of schooling 0–4 5–8 9–12 12þ

population 41:89% 30:10% 20:56% 7:45% Ferreira et al. (2003)

c (7% of total pop.) 10% 30% 30% 30% Panizza (2000)

te (93% of total pop.) 44:67% 29:90% 19:72% 5:71% Residual of above

There is no formal proof of uniqueness available for this type of Auerbach–Kotlikoff models (see Kotlikoff et al., 2007). Laitner (1984) provides a

of uniqueness for a linearized version of the original Auerbach–Kotlikoff model.

r solution algorithm is locally stable. That is for changes in initial conditions (guesses of initial prices R and w) the algorithm converges to the same

y state. We have no proof of global convergence. It has been our experience that higher order dynamics in multiperiod OLG models with bonds can

o multiple steady states. In such cases we were able to rule out Pareto inferior steady states (e.g. steady states that result in negative interest rates).

are also Colucci (2003) who shows the existence of at least two steady states in a very simple multi period OLG model.

The life tables are available at the following WHO website: http://www3.who.int/whosis/life/life_tables.

See the OECD Factbook 2006 – Economic, Environmental and Social Statistics that also contains the annual growth rates for Brazil for the years

2004 at http://titania.sourceoecd.org/vl=3134242/cl=11/nw=1/rpsv/factbook/01-01-01-g02.htm.

Note that these shares are computed using a total population that excludes individuals that are younger than 20 years of age. Projections for Brazil

te that the population aged 65 and older will represent about 16% of the total population (including 1–19 year olds) by the year 2050 (e.g. Turra and

oz, 2005a).

http://www3.who.int/whosis/life/life_tables
http://titania.sourceoecd.org/vl=3134242/cl=11/nw=1/rpsv/factbook/01-01-01-g02.htm
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Table 2
Labor Income by age and level of education, Brazil 1996

Age group Labor income (in R$)

0–4 5–8 9–11 12þ

10–19 418 517 430 554

20–29 1,975 3,184 5,205 7,463

30–39 2,636 5,301 8,296 22,044

40–49 3,735 7,237 11,553 33,183

50–59 2,107 5,954 6,183 28,526

60–69 971 4285 4,077 8,103

70þ 258 121 596 1353

Source: The Living Standards Measurement Survey of Brazil (PPV) as reported in Turra and Queiroz (2005b).
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2.3. Human capital

We use data from the Living Standards Measurement Survey of Brazil (PPV) from 1996 to 1997 as reported in Turra
and Queiroz (2005a) to generate efficiency profiles per income group and age, ejðyÞ. We summarize the PPV survey data in
Table 2. We then generate efficiency profiles per income group (as measured by the educational attainment) using linear
interpolation between the data points. Since data are only available up to age group 70þ we extrapolate the data to age 90.
The resulting efficiency profiles are reported in the top panel of Fig. 2.

The actual income profiles per income group are calculated as

whjðyÞ ¼ w� ejðyÞ � ð1� ljðyÞÞ,

and reported in the bottom panels of Fig. 3 for private and public workers. The public sector income-age profile is higher
reflecting the more generous compensation (wages and pensions) in the public sector.
2.4. Preferences and technology

Both, the time discount factor b and preference parameter s are chosen to match the capital output ratio and the real
interest rate.13 The discount factor b takes a standard value. Estimates for s; the inverse of the intertemporal elasticity of
substitution, for Brazil range from 1 to 5 (see Issler and Piqueira, 2000; Soriano and Nakane, 2003). In our benchmark
model we set s ¼ 2 and perform sensitivity analysis. The consumption preference parameter g ¼ 0:23 is chosen to get labor
supply to be around 40 hours a week for agents in their prime working age from 25 to 55 and to target (in conjunction with
the pension replacement rates) the correct retirement age which is between 50 and 55 for public sector workers and
between 60 and 65 for private sector workers. This results in a coefficient of relative risk aversion in consumption of
CRRA ¼ �cucc=uc ¼ sgþ 1� g ¼ 1:23; so that the intertemporal elasticity of substitution in consumption is 1=CRRA ¼

0:813: Consequently, in our model the resulting capital output ratio is equal to 2.52 and the annual after tax real interest
rate is R ¼ 8:2% which compares well with the 9:6% short term real interest rate for 2004 reported in Rogoff (2005). The
average short term rate for 2005 was 12%: The capital output ratio of Brazil is between 2:6 and 3 (e.g. Gomes et al., 2003;
Bresser-Pereira, 1990; Souza-Sobrinho, 2004).14

Total factor productivity A is normalized to one. Standard estimates of capital’s share of GDP are around a2 ¼ 0:3 (see
Gollin, 2002). Estimates for Brazil tend to be higher. Ferreira and do Nascimento (2005) use a value of 0:4 for capital’s share
of GDP in Brazil. We use the same value.

The estimates for a1, the productivity parameter of the public good in the final goods production function, for the US
cluster around 0 when panel data techniques are used (e.g. Hulten and Schwab, 1991; Holtz-Eakin, 1994) and they cluster
around 0:2 when GMM is used to estimate Euler equations (e.g. Lynde and Richmond, 1993; Ai and Cassou, 1995). Calderon
and Serven (2003) estimate this parameter to be around 0:15 and 0:20: For a cross-section of low income countries
including Latin American countries Hulten (1996) obtains an estimate for a1 of 0:10: We use this conservative estimate in
order to not overstate our results.

The annual capital depreciation rate dp for Brazil is 4% as reported in Feu (2004). Ferreira and do Nascimento (2005) use
dp ¼ 6:56%: In our benchmark calibration we use dp ¼ 5% and set the depreciation rate for public sector capital dg equal to
5% as well.
13 It is clear that in a general equilibrium model every parameter affects all equilibrium variables. Here we associate parameters with those

equilibrium variables that they affect quantitatively the most.
14 Capital K is a stock variable, whereas output Y is a flow variable over the 5 year period. In order to calculate the capital output ratio we have to

adjust for the number of years per period, so that K=ðY=5Þ is the capital output ratio that we report.
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Fig. 3. Benchmark steady state.
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The growth rate of GDP is set exogenously to g ¼ 2:65%: This is the average GDP growth rate for the period 1991–2000.15

We have little information about the parameters of the production technology of the public good. We view the choice of
Z ¼ 0:1; w ¼ 1, Z ¼ 0:5 and oh ¼ 0:5 as our benchmark and we perform sensitivity analysis on these parameters. We find
that our qualitative and quantitative results are relatively robust to changes in Z;Z;w and oh:
2.5. Labor market legislation

The earliest retirement age possible is 50, i.e. Je ¼ 7: We force all agents to retire at age 65, or Jw ¼ 9: The scaling factor
for the efficiency loss of retirees who continue to work is set to j ¼ 0:65: We do not have data on the productivity losses of
working retirees in their new (informal sector) jobs, so we conduct sensitivity analysis. Note that when j ¼ 1, then the
early retirement decision becomes trivial, as all workers will retire at the earliest time possible (Je ¼ 6, or age 50) and then
continue to work in the informal sector where they pay almost no taxes.16
15 Compare: http://www.brazil.org.uk/economy/gdp.html. Per capita growth rates were much lower. From 1980 to 1990 per capita GDP grew between

�0:56% and 0:3% per year. Thereafter the average per capita growth rate of GDP was between 1:06% and 1:2% according to the source above and Ferreira

and do Nascimento (2005).
16 The only reason why agents would be willing to work longer, would be to become eligible for higher pension replacement rates when they

postpone their retirement. Only very stark differences in replacement rates per postponed year of retirement would then entice them to not immediately

retire. With the replacement rates used in our calibration this never happens.

http://www.brazil.org.uk/economy/gdp.html
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Table 3
Sources of tax revenue from Immervoll et al. (2006)

Categories in data Tax revenue in percent of GDP Categories in model Tax revenue in percent of GDP

Personal and corporate income tax 6.2 Labor tax 5.2

Social security tax 6.2 Capital tax 7.6

Other payroll taxes 2.1 Consumption tax 15.5

VAT 11.5 Social security tax 6.2

Property tax 1 Tax on Bequests 0.5

Turnover tax 8

Total tax revenue 35 35

G. Glomm et al. / Journal of Economic Dynamics & Control 33 (2009) 777–797 787
2.6. Government

The government policy parameters are summarized in Table 5. We choose a markup rate for public sector wages of
x ¼ 1:01. Foguel et al. (2000) report that even not counting the large share of low wage informal employment in the private
sector there is still a considerable markup left in public sector wages over formal private sector wages. The chosen markup
results in a public sector wage bill of 6% of GDP. The Social Security Ministry of Brazil (2002) reports a public sector wage
bill of 5:1% of GDP.

The collection of parameters in replacement matrix Cp
ðyp
Þ and Cg

ðyg
Þ can be thought of as gross replacement rates of

pension payments. They capture the relatively low replacement rates of private sector pensions and the high replacement
rates ensured by integrality and parity in the public sector.17 The gross replacement rates for private and public sector
workers are a function of the actual retirement period. If an agent retires later in life, the pension replacement rate will be
higher. Bonturi (2002) presents average age profiles together with pension benefits over the life of an agent. We mimic
those results and present our replacement rates in the bottom panels of Fig. 2. In addition, we fix the pension of the lowest
income groups at a relatively low rate and make it independent from the retirement age. This mimics the fact that for a
large proportion of the rural population in Brazil the pension is an anti-poverty measure. These minimum pensions do not
exceed the minimum wage.

We set Jp ¼ 5 and Jg ¼ 1, so that pension payments of a private sector worker are based on her average earnings over the
last 25 years, whereas pension payments of a public sector worker are based on the wage income earned in the last active
period (integrality).

With these replacement rates private sector workers retire at age 65 except for the second lowest income group who
retire at age 70. None of them chose to continue work in the informal sector. Public sector workers retire earlier at age 55
due to the more generous pension payments. The actual retirement age per income group is indicated with circles in the
labor supply graphs in Fig. 3. Income groups 2 and 4 continue to work 10 hours on average in the informal private sector.

The size of the pension program is endogenous. The total pension payments to private sector workers in the model are
8% of private sector output whereas pension payments to civil servants are 5:16%. These numbers are close to the numbers
reported in Souza et al. (2004) (6:3% for private sector workers and 5% for civil servants). The fraction of public sector
retirees among all retirees is 9:9%. Immervoll et al. (2006) report that of all retirees 14% used to work in the public sector.

According to Immervoll et al. (2006) total tax revenue of 35% of GDP can be split into the following six parts: 6:3% is
revenue from personal income taxes and corporate income taxes, another 6:3% is from social security taxes, 2:1% is from
additional payroll taxes, 11:5% is from VAT taxes, 1:05% from property taxes, and the remaining 8% are largely raised from
turnover taxes.18 Since our model only has five tax categories, i.e. taxes on labor, capital, consumption, bequests, and social
security taxes, we need to assign the remaining categories in the data in a meaningful way. Table 3 presents the final tax
revenue decomposition that we use in the model. Labor tax revenue is half of the income tax category added to the payroll
tax revenue. Capital tax revenue is half of the income tax revenue, half of the property tax revenue and half of the revenue
from turnover taxes. Consumption tax revenue is the VAT category and half of the turnover tax. Social security taxes are
unaltered. Tax revenue from taxing bequests is half of the revenue from property taxes. In order to match these tax revenue
shares we have to pick the following tax rates in our model: tp

L ¼ 7:6%, tg
L ¼ 3:8%, tK ¼ 15%, tC ¼ 23%, and tBeq ¼ 8%.
17 Bonturi (2002) reports that a private sector worker that actively contributed to the pension system will receive roughly 80% of her highest wage or

salary as pension payment. If the worker did not contribute to the system during her worklife she is still entitled to get a minimum pension that is equal to

the minimum wage level after reaching retirement age. This is an anti-poverty measure and concerns mostly rural sector workers who are roughly 30% of

private sector retirees. Only half of the private sector labor force contributes to the pension system. Almost all workers in the informal sector, like rural

workers and domestic employees, do not contribute. In 1999, there were close to 18 million recipients of social security transfers and roughly one-third of

them got the minimum wage level transfer. In our model, we index retirement benefits of private sector workers to the last wage income (the highest

one). In order to match the data we need to choose relatively small values for Cr.
18 Turnover taxes are similar to sales or VAT taxes but tax intermediate or possibly capital goods (e.g. wholesale sales taxes fall under this category).

See Werneck (2006) for details on Brazil’s tax reform in 2003.
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The actual social security tax rates are 11% for the public sector and 27:6% for the private sector (employee 7:65% and
employer 20%) according to Souza et al. (2004). Since Pinheiro (2004) and Giambiagi and de Mello (2006) report that only
50% of private sector workers are contributing to the private sector pension plan – informal sector workers do not
contribute – we use a payroll social security tax of 11% for both sectors but allow the labor tax rate in the public sector to be
50% smaller than the labor tax rate in the private sector.

In the model, this results in pension deficits of 1:5% of GDP for the private sector pension system and a deficit of 4:4% of
GDP for the public sector pension system. Data suggest that the private pension program produces a deficit between 1:7%
and 2:2% of GDP (see Pinheiro, 2004; Giambiagi and de Mello, 2006) and the public sector program runs a deficit of
2:6–3:5% of GDP (see Pinheiro, 2004; Souza et al., 2004).

The pension contribution rates in the private sector are around 80% according to Souza et al. (2004), whereas the
contribution rates in the public sector range from 13:4% to 36% according to data from the Ministry of Budget and
Administration (1999) and Souza et al. (2004). Contribution rates are defined as tax revenue collected from payroll taxes
over total pension payments of the particular pension program. We calibrate contribution rates of 81:8% for the private
sector and 13:15% for the public sector in our benchmark calibration.

In our model public capital investment is DG ¼ 3% of private sector output. This is close to a value reported by Calderon
and Serven (2003) and the range of public investment reported in Ferreira and do Nascimento (2005). They report that
public investment as a proportion of GDP averaged 4% of GDP between 1960 and 1980. In 2002 and 2003 it was much lower
at 2:2%.

Newly issued government debt as a fraction of GDP is DB ¼ 8%; which results in a steady state debt level of 35%. Ferreira
(2005) reports a debt level of 36%, whereas Ferreira and do Nascimento (2005) report an increase from 33% to 56% of GDP
over the past decade.

In our model residual government expenditures constitute DCg ¼ 2% of private sector output. We pick this value so that
after labor taxes clear the government budget constraint, the total tax revenue will be close to 35% of GDP and the fraction
of labor tax revenue is close to 5:2%. These are the numbers reported in Immervoll et al. (2006).

We summarize our calibration results in Table 6. Fig. 3 presents the equilibrium profiles for assets, labor supply,
consumption, and income for both sectors per agent type.

3. Policy experiment and results

In this section we describe our policy reform experiment and report the results. We begin with an economy in its steady
state using policy parameters reported in Tables 4 and 5. Parameters are chosen to match the Brazilian economy in 2000
Table 4
Model parameters

Parameters Observation/comment/source

Preferences

Discount factor b ¼ 0:998 To match K
Y

Inverse of intertemporal s ¼ 2 Issler and Piqueira (2000) and Soriano and Nakane

(2003)

Elasticity of substitution

Leisure g ¼ 0:23 To match retirement age

Private production

TFP A ¼ 1 Normalization

Productivity of public good G a1 ¼ 0:1 Hulten (1996)

Capital productivity a2 ¼ 0:4 Ferreira and do Nascimento (2005)

Human capital productivity a3 ¼ 0:6

Capital depreciation dp ¼ 5% Feu (2004) and Ferreira and do Nascimento (2005)

Long run growth rate g ¼ 2:65% http://www.brazil.org.uk

Public production

TFP for public good production Z ¼ 0:1 Sensitivity analysis

Human capital productivity w ¼ 1 Sensitivity analysis

Z ¼ 0:5 Sensitivity analysis

Fraction of civil servant human capital used for

production of public good G

oh ¼ 0:5 Sensitivity analysis

Capital depreciation dg ¼ 5% Feu (2004) and Ferreira and do Nascimento (2005)

Human capital

Efficiencyprofile ejðyÞ Turra and Queiroz (2005a) and Fig. 2

Efficiency loss after retirement j ¼ 0:65 To match early retirement period sensitivity analysis

Population growth rate n ¼ 1:8% OECD-Factbook 2006

http://www.brazil.org.uk
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Table 5
Policy parameters

Source

Labor allocation

Fraction of civil servants Ng
¼ 7% Social Security Ministry of Brazil (2002)

Private sector employees Np
¼ 93% Social Security Ministry of Brazil (2002)

Expenditures

Public wages as a fraction of private wages x ¼ 1:01 Foguel et al. (2000) and to match public sector wage bill

Indexation parameters (generosity of pensions) Cp
j ðy

p
Þ;Cg

j ðy
g
Þ for

j ¼ fJe ; . . . ; Jg

Based on Bonturi (2002) see Fig. 2

Years of past active income for pension base; private Jp ¼ 5 Bonturi (2002)

Years of past active income for pension base; public Jg ¼ 1 Integrality

Investment in public good (in % of private sector output) DG ¼ 3% Calderon et al. (2003) report 2:5%

Residual government expenditure (in % of private sector

output)

DCg ¼ 2% To fix total tax revenue at 35% of GDP, Immervoll et al. (2006)

Government bonds (in % of private sector output) DB ¼ 13% To match debt level of 36% of GDP reported in Ferreira (2005)

Taxes

Labor tax rate; private tp
L ¼ 7:6% To match tax revenue shares in Immervoll et al. (2006)

Labor tax rate; public tg
L ¼

tp
L

2
To match tax revenue shares in Immervoll et al. (2006) and

the fact that public workers pay lower labor taxes than

private sector workers

Capital tax rate tK ¼ 15:5% Immervoll et al. (2006)

Consumption tax rate tC ¼ 23% Immervoll et al. (2006)

Tax on bequests tBeq ¼ 8% Immervoll et al. (2006)

Social security tax-private tp
SS ¼ 11% Immervoll et al. (2006) and authors’ own calculation

Social security tax-public tg
SS ¼ 11% Immervoll et al. (2006) and authors’ own calculation

Table 6
Model outcomes that match Brazilian data

Moments Model Data Source

Capital output ratio K
Y ¼ 2:52 2.6 Gomes et al. (2003)

Interest rate R ¼ 8:2% 9:6% Rogoff (2005)

Government size (all in % of private sector output)

Total tax revenue 34:9% 35% Immervoll et al. (2006) and authors’ own calculations

Labor tax revenue 4:79% 5:2% Immervoll et al. (2006) and authors’ own calculations

Capital tax revenue 7:28% 7:6% Immervoll et al. (2006) and authors’ own calculations

Consumption tax revenue 15:1% 15:5% Immervoll et al. (2006) and authors’ own calculations

Soc. sec. tax revenue 7:2% 6:2% Immervoll et al. (2006) and authors’ own calculations

Bequest tax revenue 0:51% 0:5% Immervoll et al. (2006) and authors’ own calculations

Demographics

Population 465 14:16% 15% Carvalho and Wong (2004)

Endogenous fraction of civil servants per cohort with early

retirement

ng ¼ 9:9% 14% Immervoll et al. (2006)

Expenditures (all in % of private sector output)

Wage bill public sector workers 6:0% 5:1% Social Security Ministry of Brazil (2002) and authors’ calculation

Public pension payments 5% 5% Souza et al. (2004)

Private pensions payments 8% 6:3% Souza et al. (2004)

Debt 35% 36% Ferreira (2005)

Pension deficit (all in % of private sector output)

Total pension deficit 5:8% 5:5% Souza et al. (2004)

Pension deficit from public sector 4:4% 3:5% Souza et al. (2004)

Pension deficit from private sector 1:5% 1:5% Souza et al. (2004)

Pension contribution rate, public 81:8% 80% Souza et al. (2004)

Pension contribution rate, private 13:15% 13:4–36% Ministry of Budget and Administration (1999) and Souza et al.

(2004)

G. Glomm et al. / Journal of Economic Dynamics & Control 33 (2009) 777–797 789
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with an average retirement age for civil servants of 55. We then mimic the policy reform in 2003 and reduce the generosity
of public pension payments by 20% and enforce an age limit for retirement of 60 ðJe ¼ 8Þ in both sectors. We introduce this
shift in government policy as a permanent and unexpected change in the replacement rate matrix Cg . We let labor taxes tL

adjust to clear the government budget constraint in each period and then calculate the new steady state and the transition
path from the old to the new steady state. We call this our benchmark experiment and denote it as E0. In this policy
experiment the current civil servants are grandfathered and thus not directly affected by this policy reform. Of course they
will be influenced by general equilibrium effects such as changes in factor prices and by changes in tax rates.

We summarize the steady state results of our experiment in Table 7, where we report percentage changes to the
benchmark outcomes for key variables such as output ðYÞ; capital ðKÞ, human capital employed in the private sector ðHp

Þ,
Table 7
Pension policy reform in the public sector

%DY %DK %DHp %DHg DJp
e DJg

e %Dt

E0 :

s ¼ 2

a1 ¼ 0:1

tL adjusts

Jg
1 ¼ 55

8>>>><
>>>>:

2.85 3.65 0.06 25.6 ½0;0;0;0� ½5;5;5;5� �7:45

Reduction of pension replacement rate by 20% and enforcing a minimum retirement age of 60.
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Fig. 4. Steady state after replacement ratios of public sector have been cut.
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human capital employed in the government sector ðHg
Þ, as well as changes in the retirement age per agent type and sector

and changes in the adjusting tax rates. The benchmark experiment is labelled E0. Fig. 4 presents the age profiles for assets,
labor supply, consumption, and income of the new steady state after running the benchmark experiment. Fig. 5 illustrates
the transitions.
3.1. Efficiency gain

As is evident from the result in the top panel of Table 7 eliminating the generous pension policy leads to a substantial
efficiency gain. Particularly, the reform results in an increase of steady state output of 2:85%. There are two main channels,
relative increases in physical capital and human capital, that drive this result.

As pension payments become less generous, the rate of capital accumulation increases. This is the direct positive savings
effect from decreasing transfers late in life. Together with the positive income effect from the lower labor tax rates and the
resulting higher labor supply, savings will increase in both sectors which then results in a larger steady state capital stock.
From panel [2] in Figs. 3 and 4 we see that public sector workers start accumulating capital approximately 10 years earlier
in the new regime. This is a logical consequence of the lower pensions of public sector workers under the new regime.

After decreasing the generosity of public sector pensions and enforcing a minimum retirement age of 60 years, all public
sector worker types delay their retirement by 5 years. Keeping public sector workers in the labor force longer increases
public sector human capital Hg by 25%. At the same time public sector retirees who were working in the (informal) private
sector after retirement, are now missing in the private sector. Since the government has to finance a smaller pension
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program, labor taxes go down from originally 7:6% to 7%. This increases the effective wage and labor supply increases in all
sectors. The increase in labor supply more than offsets the missing public sector retirees that were previously working in
the informal private sector, so that overall, human capital in the private sector Hp increases slightly.

Comparing our results to Herbertsson and Orszag (2003) we find that the cost of early retirement is lower in Brazil than
in OECD countries on average. The countries that push up the average cost in their OECD sample are small European
countries with very generous pensions systems, very high participation rates, low population growth rates, and hence a
rather old average population (e.g. Austria, Hungary, Belgium, or France). In those countries the cost of early retirement was
estimated to be around 13% of GDP in 2000. The one country in their sample that probably resembles Brazil the most is
Mexico where the cost of early retirement is much lower at 1:6% of GDP for the year 2000. This figure is much closer to our
result for Brazil.

The most important difference between our paper and Herbertsson and Orszag (2003) is that our pension reform
concentrates on relatively small group of public sector workers, whereas Herbertsson and Orszag (2003) look at the reform
of the entire pension programs. Since our simulated pension reform only affects the relatively small group of public sector
workers directly with respect to the generosity of their pensions and their minimum retirement age, one might expect the
effects of the reform to be much smaller than in Herbertsson and Orszag (2003) where early retirement affects a larger
percentage of the labor force due to the higher participation rates. In addition, since in Brazil some public retirees work in
the private sector the loss of human capital due to early retirement is mitigated. However, we find the effect of public sector
pension reform to be large.

From Fig. 5 we conclude that transitions are monotone in output and physical capital. The income and savings effects
are clear cut and lead to a steady increase in physical capital. Interest rates are non-monotonic which has to do with the
grandfathering effects we describe below.

3.2. Welfare gain

Our welfare analysis is presented in Fig. 6. The top panel shows the compensating consumption in percent of per period
percentage adjustment to consumption for private sector workers over the transition path. That is for every agent type y
over transition time t we calculate what fixed percentage of consumption has to be added/subtracted in each period to
make the agent indifferent between the steady state of the original (more generous) public pension policy and the new
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Fig. 6. Compensating consumption given to individuals to offset the policy change that induces civil servants to postpone their retirement from age 55 to

60. The adjustment is made as equal percentage change in consumption in every period.
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steady state under the less generous public pension policy. More formally this is expressed as

p1uðc1JðyÞ; l1JðyÞÞ þ bp2uðc1JðyÞ; l1JðyÞÞ þ � � � þ bJ�1pJuðc1JðyÞ; l1JðyÞÞ
¼ p1uðð1þDtðyÞÞct2ðyÞ; ltJðyÞÞ þ bp2uðð1þ DtðyÞÞctJðyÞ; ltJðyÞÞ

þ � � � þ bJ�1pJuðð1þ DtðyÞÞctJðyÞ; ltJðyÞÞ,

where we compare the utility of life time consumption and leisure paths of an agent type y at transition time t to utility of
life time income in the old steady state. We then adjust the consumption stream of the transition path until the life time
utility in the new regime is equal to life time utility in the old regime. If an agent’s compensation turns out to be positive,
then the agent loses from the reform as she has to be compensated in order to make her as well off as before. If an agent’s
compensation is negative, the agent is a winner from the reform.

The black vertical line distinguishes generations that were born in the old steady state and are grandfathered into the
new regime. These agents still benefit from the generous public pensions, but have to adjust to the new prices of capital
and labor over their remaining life time. The bottom panel shows the welfare analysis for public sector workers.

The effects from grandfathering are straightforward. Agents who are already retired (the first 8 transition generations in
the private sector and the first 7 transition generations in the public sector) are barely affected by the reform. The only
effect on them is via factor prices and since they are already retired, changes in the wage rate will not affect their income
levels anymore. So only changes in the interest rate affect their savings income and their savings decision until they die. As
a consequence, the effects remain small in terms of welfare. Agents who are still active when the reform is started tend to
be affected by changes in wages as well. Since agents can adjust their labor supply to changes in wages, we see that workers
in the public sector tend to lose more from the reform when they are still working, despite the fact that nothing in their
replacement rates changes due to grandfathering.

Agents who are born in the new regime are affected the most by the pension reform. We see that private sector workers
are the winners of the reform as the compensation that would make them indifferent between the old steady state and the
new regime is negative (compare top panel of Fig. 6). The biggest winners of the reform are the high income private sector
workers, denoted income 4 but differences in welfare effects across income types are small.

The opposite holds true for public sector workers (compare bottom panel of Fig. 6). We see that we need to compensate
them with up to 10% of their consumption in order to make them indifferent between the two regimes. The lowest income
group (denoted income 1) in the public sector loses the most in terms of percentage of their consumption (10% of their per
period consumption on average). So the reform directly benefits rich individuals in the private sector and hurts poor
individuals in the public sector.

4. Sensitivity analysis and alternative policy experiments

We present the results of the sensitivity analysis in Table 8. We concentrate the sensitivity analysis on parameters with
weak empirical support and on parameters that have been shown to have strong effects on outcomes in this type of model
like preference parameters in experiments E1a and E1b and production parameters for the public good in experiments
E3–E5. Where necessary, we recalibrate the model to match the Brazilian economy.

We next investigate alternative policy experiments and report the results in Table 9. First we implement alternative fiscal
policies in experiments E6 and E7 as well as a variant of a small open economy where we fix the interest rate in experiment E8.
We then investigate the effects of lowering the generosity of public pensions without enforcing a minimum retirement age at
the same time in experiments E9a to E9d. In experiment E10 we enforce a minimum retirement age of 60 without reducing the
generosity of public pensions. In experiment E11 we again reduce the generosity of public pension by 20% and enforce a
minimum retirement age of 65 in both sectors. Finally, in experiment E12 we assume that retirees are not working in the private
Table 8
Sensitivity analysis

%DY %DK %DHp %DHg DJp
e DJg

e %Dt

E1a : s ¼ 3 2.80 3.40 �0.02 25.25 ½0;0;0;0� ½5;5;5;5� �7.85

E1b : s ¼ 1:2 3.09 3.76 0.19 25.45 ½0;0;0;0� ½5;5;5;5� �10.90

E2a : a1 ¼ 0 0.44 1.06 0.03 25.47 ½0;0;0;0� ½5;5;5;5� �5.93

E2b : a1 ¼ 0:05 1.64 2.32 0.06 25.53 ½0;0;0;0� ½5;5;5;5� �6.13

E2c : a1 ¼ 0:15 4.59 5.29 0.095 25.65 ½0;0;0;0� ½5;5;5;5� �7.16

E3a : Z ¼ 0:25 2.76 3.44 0.0638 25.64 ½0;0;0;0� ½5;5;5;5� �7.455

E3b : Z ¼ 0:75 3.18 3.86 0.0646 25.638 ½0;0;0;0� ½5;5;5;5� �7.455

E4a : w ¼ 0:5 2.39 3.06 0.0636 25.639 ½0;0;0;0� ½5;5;5;5� �7.451

E4b : w ¼ 1:5 3.28 3.96 0.0635 25.639 ½0;0;0;0� ½5;5;5;5� �7.453

E5 : oh ¼ 0:3 2.77 3.45 0.06 25.54 ½0;0;0;0� ½5;5;5;5� �7.45
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Table 9
Alternative policy experiments

%DY %DK %DHp %DHg DJp
e DJg

e %Dt

E6 : tK adjusts 8.24 14.44 �0.13 46.80 ½0;0;0;0� [5,10,5,5] �31.34

E7 : tC adjusts 6.30 9.07 0.17 46.94 ½0;0;0;0� [5,10,5,5] �10.87

E8 : Rt ¼ R1 21.15 51.38 �0.57 44.22 ½0;0;0;0� [5,10,5,5] �75.15

E9a : �20% pension 1.3 2.05 0.33 4.41 ½0;0;0;0� ½0;0;0;0� �10.94

E9b : �30% pension 2.1 3.3 0.51 6.88 ½0;0;0;0� ½0;0;0;0� �17.07

E9c : �50% pension 3.85 6.13 0.92 12.64 ½0;0;0;0� ½0;0;0;0� �30.60

E9d : �80% pension 7.75 11.58 0.82 46.88 [5,0,0,0] [0,10,5,5] �36.56

E10 : enforce retirement age Jg
1 ¼ 60 only 3.15 3.85 0.23 25.21 ½0;0;0;0� ½5;5;5;5� �8.67

E11 : �20% pension and enforced retirement age Jg
1 ¼ 65 9.51 11.12 3.81 46.26 ½5;0;5;5� ½10;10;10;10� �54.6

E12 : retirees not working in private sector, j ¼ 0:5 3.14 3.85 0.23 25.21 ½0;0;0;0� ½5;5;5;5� �8.67
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sector after they retire by imposing a very high efficiency loss on retired workers’ productivity (j ¼ 0:5Þ. This effectively makes
them unwilling to work after retirement. We next briefly summarize the results of these alternative experiments.

Experiments E1a;E1b: Changing the preference parameter s requires a recalibration of the model, since the rate of capital
accumulation is strongly influenced by the intertemporal elasticity of substitution. If the smoothing motive becomes
weaker (less curvature on the utility function) at s ¼ 1:2 agents are more responsive to the policy reform so that the policy
effects on long run income levels are larger than when the smoothing motive is strong ðs ¼ 3Þ. However, the differences in
the effects on the aggregate steady state income are small.

Experiments E2a2E2c: Changing the productivity of the public good in the final goods production function can have
substantial effects. The intuition is clear. Civil servants’ human capital is an input into producing the public good. If we cut
pensions for civil servants and keep them in the labor force longer, then more human capital is retained and hence more of
the public good can be produced. If, in the next step, the public good is very productive, i.e. a1 ¼ 0:15, then the effect on
steady state output is large ð4:59%Þ. If, on the other hand, the public good is not productive at all, a1 ¼ 0, then the effect on
final goods output are triggered purely by household savings and labor supply which result in more modest changes in
output ð0:44%Þ. The relationship between the infrastructure productivity parameter and the steady state output effect of
pension reform is monotonic as can be seen from experiment E2b.

Experiment E32E5: Our results are robust to changing parameters in the public capital production function. Changes
have the expected effect, that is, as we decrease Z;w, and oh the influence of civil servants’ human capital in producing the
public good is reduced, and the output effects of the reform are smaller. The magnitude of these changes is very small.

Experiment E6: In this experiment we let the capital tax adjust to clear the government budget constraint in reaction to
the pension reform. Capital taxes have large effects on capital accumulation. So if capital taxes can be reduced due to the
reform, physical capital accumulation accelerates. In addition, there is more human capital available in the public sector as
civil servants postpone their retirement even further than in the benchmark experiment. Capital taxes tend to distort the
model economy more strongly than labor taxes, so that any government policy that results in a reduction of capital taxes
will have stronger effects.

Experiment E7: We ran the same set of experiments with the consumption tax adjusting to clear the government budget
constraint and find that the effects are larger than in the benchmark experiment.

Experiment E8: The Brazilian interest rate is very high, around 9:6% in 2005. It is often reported that the Brazilian
interest rate is determined by the Brazilian government debt and in that sense ‘relatively’ independent of the market ‘world
interest’ rate (see Rogoff, 2005 who gives some explanations about why the real interest rate in Brazil is so high). We see
this as justification for the assumption of a closed economy in the benchmark experiment. However, we did run an open
economy version of our model, where we fix the interest rate at 8:2% (our initial calibration for Brazil). We found that our
results are magnified by this policy. In a full general equilibrium model prices adjust in reaction to household decisions, so
that as households accumulate more capital, the interest rate decreases. However, if the interest rate is fixed, households
increase their savings even further. This results in high levels of physical capital in the new steady state, which increases
the output effect to 21:15% of GDP compared to 2:85% in the full general equilibrium version of our model.

Experiment E9a2E9d: In these experiments we reduce the generosity of pension payments without enforcing a
minimum retirement age of 60. We see that reducing pension payments to civil servants by 20–30% is not enough to induce
later retirement. Consequently the effects of such a reform will be smaller than the benchmark. Reducing the generosity by
50% has larger effects that come largely via lower labor taxes and the public households’ higher savings rate in reaction to
the drop in retirement income. We require a reduction of more than 50% to actually induce late retirement.

Experiment E10: In this experiment we assume that the government postpones the time of retirement of public sector
workers by 5 years without cutting the generosity of pension payments simultaneously. We find that these results are very
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close to the results in the benchmark experiment. This suggests that the reduction of the generosity of pension payments by
20% does not play a large role in affecting the overall results (compare also results from E13Þ and large parts of this reform are
driven by the postponed retirement and not necessarily by the reduction of payments. Only sizeable reductions in generosity of
pension payments that actually lead to postponed retirement will have large effects as was shown in experiments E9c and E9d:

Experiment E11: This experiment is closest to what has been investigated in the pension reform literature, namely the
reform of the entire pension system including both private and public sector workers. We see that if we reduce the
generosity of public sector pensions by 20% and enforce a minimum retirement age of 65 for both sectors, some private
sector workers will retire later than in the benchmark regime. This augments the effects of the policy reform since now a
larger amount of human capital is retained longer in the labor market. Private sector human capital increases by more than
3%. This results in an increase of output by almost 10%.

Experiment E12: Our results are robust to the assumption that retirees are allowed to work in the private sector after
they retire.

In general, our results are quantitatively stable and are centered around 3% of private sector output if civil servant
retirement is postponed until age 60. If public capital becomes more productive in the final goods production process, then
the extra output from decreasing the generosity of public pensions is closer to 5% of GDP. Alternative fiscal policies
(e.g. adjusting the consumption tax or the capital tax instead of the labor tax rate) more than double the magnitude of the
effects from our benchmark experiment. We get the largest effects in an open economy version where interest rates are
fixed to the initial steady state interest rate. This result is likely to overstate the impact of the pension reform, since the
prevalent interest rate in Brazil has been shown to depend largely on the inner workings of the Brazilian economy.19

5. Conclusion

In this paper we have studied the adverse effects of extremely generous early retirement provisions for civil servants.
We explored the effects of a pension reform for public sector workers on human capital available to public sector
production, capital accumulation, the long run level of aggregate income, and on welfare. For this purpose we have used an
OLG economy which was calibrated to data from Brazil in year 2000. We have conducted policy reforms that induced civil
servants to postpone the age at which they retire. These policy reforms consist of decreasing replacement rates which do
allow for sizable cuts in taxation and the enforcement of a minimum retirement age of 60. We found that these retirement
policies ensure that civil servants postpone retirement by 5 years from age 55 to age 60 which raises aggregate steady state
income by over 3%. The transition to the new steady states lasts about 100 years. The welfare gains to private sector
employees of such policy reforms are large and exceed 3% of consumption. These welfare gains are relatively evenly
distributed across the income distribution. Of course, civil servants stand to lose from such a reform. The computed welfare
losses for some civil servants are as high as 10% of consumption.

For the purpose of this analysis we have abstracted from the potentially important issue of population ageing. We have
also abstracted from alternative uses of public funds released by these policy experiments such as higher public education
expenditure or higher investment in infrastructure. We leave these issues for future research.
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Appendix A

Algorithm.

(1) Guess an initial capital level K and an initial labor supply schedule L

(2) Solve for Y ;G;B;wp ;wg ;R and q

(3) Household

(a) Solve household backwards for sðyÞ, cðyÞ, lðyÞ, and J1ðyÞ
(b) Check if lðyÞ41; if yes, set lðyÞ ¼ 1 and solve backwards again for the corner solution case

(4) Aggregate steady state assets A

(5) Bequests

(6) Subtract bonds from asset holdings to get the new capital stock for production: K 0 ¼ A� B

(7) Update Knew
¼ lK 0 þ ð1� lÞK

(8) Use the government budget constraint to solve for labor tax tL

(9) Repeat from step 2 until K ; tL ; and J1ðyÞ8y converge
19 See Rogoff (2005) for an explanation of the unusually high real interest rate in Brazil.
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The algorithm for transitions works very similar. After calculating the old and the new steady state, we guess a capital
vector Kv and an initial labor supply schedule vector Lv of dimension ð1� Transition TimeÞ, where transition time is an
exogenously fixed time horizon that has to be picked large enough so that transition to the new steady state level can occur.
From our transition graph in Fig. 5 we see that although Transition Time ¼ 42, the actual transition to the steady state takes
about 20 periods which is roughly 100 years.
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