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INTRODUCTION

This paper examines the introduction of complementary pension funds and their
effect on economic growth, via capital accumulation, in a context of pension
system budget deficits and demographic ageing resulting from declining fertility
and longer life expectancy. To this end, we use the overlapping generation models
developed by Samuelson (1958), Diamond (1965), Aaron (1966), Feldstein
(1974), and Samuelson (1975). This focus is quite developed in economics, but
the present paper starts with the economic finding which assumes that in most
countries pay-as-you-go pension schemes are affected by budget deficits, which
threaten their financial viability in the mid and long terms.
Many countries have been widely debating the deteriorating financial situation of
pension systems and whether the financing should be consolidated, adapted, or
modified. The respective merits of the two modes of financing – pay-as-you-go
versus funded schemes – have been the subject of several theoretical and
empirical studies in economics.
Some studies, notably those of Feldstein (1995), Corsetti and Klaus (1995),
Kotlikoff, Smetters, and Walliser (1998), Börsch-Supan (1998), Homburg (1990),
and Feldstein and Samwick (1997), are in favour of the promotion of pension
funds since they provide a return, corresponding to the remuneration of assets in
financial markets, that is higher than that of the pay-as-you-go pension system.
They also encourage long-term savings favourable to economic growth. However,
these pension funds expose individuals to financial risks. Risk-pooling can solve
this problem, but in practice this pooling does not occur spontaneously in a
market economy – hence the need for the state to intervene as a regulatory
authority and financial guarantor.
Pay-as-you-go pension systems are based on intergenerational solidarity and
avoid financial risks. Some analyses (Artus 1993; Brown 1998; Artus & Legros
1999) propose keeping pay-as-you-go pensions and changing the system
parameters by increasing the contribution rate, and/or increasing the retirement
age, and/or decreasing the replacement rate. However, pay-as-you-go pension
systems have the disadvantage of providing a relatively low return, estimated by
the long-term growth rate, and they are vulnerable to demographic changes.
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Taking into account the advantages and disadvantages of the two pension
systems, some studies, particularly those of the World Bank (1994), Sinn (1999),
Holzman, Orenstein, and Rutkoweski (2003), and Holzmann, Hinz, and
Dorfman (2008), propose a mixed system. Since pay-as-you-go pension schemes
create reserves, it is possible to combine the advantages of financial risk-pooling
and high financial returns.
Given the diversity of the arguments in favour of one or the other scheme, in this
paper we present a theoretical and empirical analysis to guide effective pension
reform. Our study deals with a mixed pension system combining two pillars, payas-you go and complementary funded pensions. To this end, we first develop a
growth model that combines overlapping generations and a pay-as-you-go
pension system.
The results of this modelling are similar to those obtained by economic literature
regarding effects on capital accumulation. In particular, introducing a funded
pension, with savings remunerated at the same rate as free savings, has no effect
on capital stock. Consumers are not encouraged to save under a funded system
with returns identical to those of free savings. If this accumulation component is
optional, consumers will not save beyond the savings obtained under a pure payas-you-go pension system. If it is mandatory, there will be substitutability
between free savings and the funded pension scheme.
In the light of this last assumption, we carried out a more in-depth analysis in
which we eliminated the returns equality hypothesis between free and funded
savings. Our first concern was to avoid substitution between the two types of
savings. We then adopted the returns differentiation hypothesis. Our second
concern was to enrich the realism of the model by bringing it closer to concrete
cases. In general terms, pension funds seek long-term profitability and can
therefore afford investment with deferred returns over time.
Our contribution is not limited to these theoretical results, but tries to assess them
empirically using a computable general equilibrium model with overlapping
generations (CGEM-OLG), applied to the Tunisian case. Thus, we present an
extension of the theoretical model which consists of generalising the theoretical
model to take into account several periods. Initial versions of CGEM-OLG
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models date back to the early 1980s with Summers (1981), Seidman (1983), and
Auerbach and Kotlikoff (1987).
The present work differs from the studies mentioned above by considering both
the theoretical and empirical dimensions, and by highlighting three possible cases
of savings return rate. We put into perspective the results, largely supported by
the economic literature, that assume that replacing a pay-as-you-go pension
scheme with a funded scheme boosts economic growth. We show that this latter
scheme is not necessarily synonymous with capital stock growth due to a
crowding-out effect. Simulation results indicate that it is possible to promote
capital accumulation under particular conditions.
The next section presents the basic theoretical model. The third section discusses
how to vary the equilibrium capital stock by changing some pay-as-you-go
pension scheme parameters and introducing a complementary funded pension.
The fourth section presents the CGEM-OLG and simulates complementary
funded pillar effects on capital accumulation. Finally, the last section summarises
the main findings and presents the conclusions.
1. THE BASIC MODEL

The overlapping generations model assumes that agents live two periods. Lt
individuals are born in period t. During period t, Lt individuals live a first period
and Lt-1 individuals live a second period.1 The population’s growth rate is n. Every
individual offers a labour unit during their youth and distributes their income
between consumption and savings. During the second retirement period they
consume the savings obtained in the first period and the earned interest.
We assume that a large number of firms have the same production function
Y=F(K,L) and produce a unique homogeneous good whose price is equal to unity.
In competitive markets, labour and capital receive their marginal products.

1
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Note that a person born in period t that consumes Ctt and Ctt1 in their life-time profile would
belong to a cohort of Lt Individuals (Lt = (1+n) Lt-1), while in the same period t there are Lt-1
individuals born in the previous period t-1.

FUNDED PENSIONS AND ECONOMIC GROWTH: OLG MODEL ANALYSES

In the production function F, Y is production, K is capital stock and L is labour.
1.1 The Consumers

An individual born at t successively consumes Ctt and Ctt 1 , and their
intertemporal utility is denoted U t (Ctt , Ctt1 ). U takes the form:

U t (Ctt , 
Ctt1 ) LogCtt 

1
Log Ctt1
1 

(1)

where ρ represents the present preference rate.
The budget constraints are:
 Ctt  et  wt
 t
et 1  rt 1 
C
t 1

(2)

where Ctt is consumption, et is free savings, wt is the wage rate, and rt 1 is the
interest rate.
They induce the following intertemporal budget constraint:
Ctt 

1
Ctt1  wt
1  rt 1

(3)

The consumer seeks an intertemporal consumption allowance that maximises
their utility under the budget constraint:


U t (Ctt , Ctt1 )
 max
Ctt ,Ctt1

tq


1
Ctt 
Ctt1  wt

r
1

t 1
The Lagrange function is written as:
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L = U t (Ctt , Ctt 1 )  λ ( Ctt 

L U t (Ctt , Ctt1 )   (Ctt 

1
Ctt1  wt )
1  rt 1

1
Ctt1  wt )
1  rt 1

λ denotes the Lagrange multiplier. Through first order conditions, we obtain the
following relationships:
 Ctt1 1  rt 1


Ctt
1 


C t  1 C t 
wt
 t 1  rt 1 t 1

(4)

The equilibrium level of consumption and savings is then:
 t 1 
 Ct  2   wt

1  rt 1
 t
wt
 Ct 1 
2 


1
wt
 et 
2 


(5)

1.2 The Producers

Production is assumed to have constant returns to scale. We assume that there
are a large number of firms with same production function Y=F (K, L) and
producing a single homogeneous good whose price is equal to unity. In
competitive markets, labour and capital receive their marginal products.2 The
output per unit of labour is then yt=f(kt). Under these competitive conditions, the
producer maximises his profit:
πt =Yt- wtLt - rtKt

2
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(6)

Technical progress is not explicitly modelled in this version; we introduce it in the extended
CGEM-OLG version.
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This implies the following first order conditions:

wt f  kt   kt f   kt 

rt  f   kt 


(7)

When we consider a Cobb-Douglas production function, y=kα, system (7)
becomes:
wt 1    kt


 rt   kt

(8)

1.3 Steady State

Under equilibrium of the goods and services market, savings are equal to
investment:
It = Ltet

(9)

Since investment of a period is equal to the capital stock of the period that
follows:3
It = Kt+1

(10)

where
Kt+1 = Ltet

(11)

or Lt+1 = (1+n) Lt, then:
kt 1 

1
et
1 n

(12)

Using conditions (5) and (8) the dynamic of capital stock is:

3

We suppose total capital depreciation; this hypothesis simplifies analytical model equations
without modifying its fundamental logic.
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kt 1 

1
kt

n
1

2

 


(13)

At the steady state condition, capital stock is given by:
1
(k * )  k * =0
1  n  2   
Resolving this equation gives:
1


 1
1
k*  

 1  n  2    

(14)

The steady state condition for k depends on the economy’s characteristics
regarding technology, population growth, and psychological expectancy rate.
2. STEADY STATE WITH PENSION SYSTEMS

In a mixed pension financing system, combining a pay-as-you-go pillar and
funded schemes, consumers earn a real wage wt during an active period t,
consume Ctt , pay contributions under the pay-as-you-go scheme at a rate τt and
contributions to the funded scheme at a rate σt, saving an amount et, which will
be invested in financial markets beyond contributions to the funded scheme.4
Once retired, at period t + 1, they consume Ctt1 , receive a pension at replacement
rate μt, receive the accumulated flow of their savings ‘free’, et (1+r1+t), as well as
that of the contributions to the funded scheme, σwt (1+rt+1), with rt+1 being the
interest rate.5
We can distinguish three economies: without a pension system (τ=0, μ=0, σ=0),
with a pure pay-as-you-go system (σ=0), or with a pure funded system (τ=0, μ=0).

4

5
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If the pension system is a defined contribution system, then contributions are fixed and the
pension amount is random.
If the pension system is a defined benefit system, the replacement rate is fixed.
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2.1 Pure pay-as-you-go system

Consumers’ budget constraints are written as:

Ctt  et  wt 1  t 

Ctt1  et 1  rt 1   t wt

(15)

The intertemporal budget constraint is:
Ctt 

1
1
Ctt1  wt 1  t  
t w t
1  rt 1
1  rt 1

(16)

Then, the consumer’s programme is written as:

max U t (Ctt , Ctt1 )

Ctt ,Ctt1

tq


1
1
Ctt 
Ctt1  wt 1  t  
t w t
1  rt 1
1  rt 1

With a logarithmic utility, demand functions are written as follows:

1 

Ctt 
Rt
2 


1  rt 1
Ctt1 
Rt

2 




1
1 
wt 1  t  

t 
et
2  
1  rt 1 


(17)

with


1
R
wt 1  t  
t 
t
1  rt 1 
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Under positive savings, the condition for capital accumulation requires:

1  t  

1 
t > 0.
1  rt 1

(18

Contribution and replacement rates should meet the relationship:

1  t 
1 



t

1  rt 1

(19)

or

1  t  wt
1 



t w t

1  rt 1

Disposable income, divided by 1+ρ, should exceed the pension discounted at a
rate r. The pension scheme should not be too generous in order not to interfere
with savings behaviour. Realising that their future income will be less than
present income, consumers will save to maintain their future standard of living.
This savings effort will be all the greater as the preference for the present is low.
If we note eAR as savings made in the presence of a pension system and eSR as
savings made in the absence of a pension system, we note that:
etAR - etSR= -

1    t 
wt 
 t 
 0
2  
1  rt 1 

Then etAR < etSR.
Proposition 1:

Consumer savings in an economy without a pension system are higher than
those in an economy with a pension system.

In the first case, without a pension system, consumers are forced to increase their
future resources in order to satisfy their consumption at retirement. By
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introducing a compulsory pension system the incentive to save will be less:
consumers are less concerned about their pensions because a minimum standard
of living is guaranteed. In addition, compulsory schemes reduce present income
and consequently current consumption. Bridging this gap can only be at the
expense of savings (for a constant real income).
Firms’ behaviour and equilibrium in the goods and services market are defined
in the same way as above. Through the capital accumulation equation, the
competitive demand for factors, and the savings function, we obtain the dynamics
of capital stock:
kt 1


1   1      1  t 
1
kt 
t 

1  n  2     1   1  rt 1 

(20)

where rt 1   kt11 .
Capital accumulation is obtained by positive savings with relationship (18).
The steady state is solved from the equation:
k* 


1   1    *   1  
1

k
0


   1 
 1

1  n  2   
1   k* 


(21)



k∗ is a function of ρ, α, τ, μ, and n:
k∗=k∗(ρ, α, n, τ, μ).

(22)

In this case, capital stock depends on the economy’s parameters and those of the
pension system.
We check that the equilibrium level of the capital stock of an economy without a
pension system is higher than that of an economy with a pension system:
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kt

AR


1
1 
= kt  1  t 
t 
1  rt 1 

SR

knowing that 0 < 1  t 

1 
t < 1 then ktAR < ktSR.
1  rt 1

This result confirms proposition (1), that significant savings involve a high capital
stock. This is a standard result regarding economic growth in the presence of a
pay-as-you-go pension system (particularly in Padison and Pestieau 2001).
In the following we examine the effects of a variation in the pension system’s
parameters on equilibrium capital stock.
Proposition 2:

In a pure pay-as-you-go pension system, equilibrium capital stock varies in the
opposite direction to contribution and replacement rates.6

According to the previous relationships, we set:
k *
0


(23)

and
k *
0


(24)

Increase (or decrease) of the contribution rate improves (or deteriorates) the
budget position of the scheme but reduces (or increases) the equilibrium level of
capital stock (Appendix 1). This results from a fall (or rise) in young people’s
disposable income and consequently in their saving capacity. This result is in line
with the conclusions of other authors, notably Artus and Legros (1999).

6
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See Appendix 1
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A decrease (or an increase) in the replacement rate results in an increase (or
decrease) in the equilibrium level of capital stock. Anticipating a decrease (or an
increase) in their pension, young consumers increase (or decrease) their savings,
favouring (or even disfavouring) capital stock growth.
Adjusting pension systems by the replacement rate is not generally examined in
the literature. This is probably because of the difficulty of changing return rates
when engaged in a particular system: once an agent begins to contribute they
know, depending on contribution duration, about the pension that they will
receive.7
2.2. Mixed Pension System

Under this scheme, consumers’ budget constraints are written as:
Ctt  et  wt 1  t   

Ctt1 (et   wt ) 1  rt 1   t wt

(25)

The maximisation programme gives the following demand functions:


1 

Ctt 
Rt
2 


1  rt 1
Ctt1 
Rt

2 




1
1 
t    w t
wt 1  t  

et
2  
1  rt 1 


(26)

The savings equation shows a perfect substitutability between free savings (et) and
funded savings (σwt). Consumers are not encouraged to save in a funded system
with a return similar to that of free savings. If this accumulation component is
optional, consumers will not save beyond the savings made under a pure pay-asyou-go pension system. If it is mandatory, free savings will be substituted by the
funded scheme.

7

If pension system equilibrium is required, adjustments by τ or by μ are equal.
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This finding is standard in the economics literature: in an exogenous growth
model with perfect capital markets, an exogenous labour supply, and a certain life
expectancy, a funded pension does not affect capital stock as long as free savings
and funded savings are perfectly substitutable. The following studies mention the
possibility of a crowding-out effect: Barro (1974), Samuelson (1975), Blanchard
and Fisher (1989), and Artus and Legros (1999). The common assumption is that
funded savings partly substitute free savings. However, studies conducted in this
context do not, at least to our knowledge, mention how this shift can be
prevented. The literature typically models funded systems as pension institutions
behaving competitively.8
In order to prevent this crowding-out effect, it is necessary to differentiate returns
on funded savings from those on free savings. This assumption is all the more
justified since pension savings seek long-term profitability: short-term risks can
be allowed by choosing high profitability investments. As the individual moves
closer to retirement, less profitable but safer investments are preferred to avoid
financial risk.
In 2007 the OECD set a new direction that shifted investment from pension funds
towards hedge funds.9 Estimates show that 20% of European and US pension
funds and 40% of those in Japan use hedge funds. According to the same study,
pension funds tend to increase their investment in alternative management,
suggesting that they look for a higher return than the market. Indeed, hedge funds
have some specific characteristics, mainly high returns, which increasingly attract
more investors.
The difference in returns between free savings and funded savings mainly results
from the following capital market imperfections.
Information asymmetry: financial intermediaries have more information about
investment risk than savers. As a result, they can increase the expected return on
investments by increasing risk; savers, on the other hand, essentially perceive the
first trend. For this reason, legislation may impose remuneration on funded
savings that is different from that on free savings by requiring pensioners to invest
8
9
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See Feldstein (1998).
Stewart (2007)
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in shares and bonds considered as non-risky and having lower returns than the
market. The aim is to avoid massive losses due to a stock market crash.
Tax benefits: The state can provide pension savings with tax benefits, which is
equivalent to increasing the return rate on these savings. Tax incentives are
designed to encourage this type of savings in order to reduce the burden on the
pay-as-you-go pension system and contribute to economic growth. In a context
similar to ours, Belan, Michel, and Wigniolle (2003) assume that companies
whose capital consists of savings collected by pension funds coexist with
companies in which funds do not participate. Firms of the first type behave noncompetitively in the labour market, and contributions collected through pension
funds are subsidised; consequently, these funds use their market power to
maximise the return on these savings. Therefore, the funded pension scheme is
differentiated from free savings. However, arbitrage between free savings and
pension funds (non-compulsory) ultimately equalises both types of
remuneration. Moreover, their study only considers free savings and pension
funds as pension schemes. Consequently, they study the combined effects of noncompetitive behaviour and savings incentives on the dynamics of capital
accumulation and on well-being in the long term.
Our study differs from that of Belan, Michel, and Wigniolle (2003) in that it
considers the competitive dimension of firms, both types of pension schemes
(pay-as-you-go and funded), the compulsory dimension of the funded scheme,
and the fact that returns on free and funded savings remain different.
Let i be the return rate of contributions under the funded scheme.10 Consumers’
budget constraints are then written:

10

The exogenous return rate i for funded pensions may be founded in the following arguments:
It is a stylised fact, taking into account observations of reality in the model. Moreover,
savings by funded pension may be placed in secure assets, which generally have a fixed
return rate.
The analysis compares, for three possible cases of pension savings return rate (compared
to free savings return rate), the levels of per capita capital stock with and without pension
funds (in a steady state).

73

Economic Annals, Volume LXVI, No. 231 / October – December 2021

Ctt  et  wt 1  t   

Ctt1  t wt  et 1  rt 1    wt 1  i 

(27)

This gives the intertemporal constraint:
Ctt 

1
1
1 i
Ctt1  wt 1  t    
t w t 
 wt
1  rt 1
1  rt 1
1  rt 1

(28)

The maximisation programme is written as:

max U t (Ctt , Ctt1 )

Ctt ,Ctt1

tq


1
1
1 i
Ctt 
Ctt1  wt 1  t    
t w t 
 wt
1  rt 1
1  rt 1
1  rt 1

Demand functions are given by:

1 

Ctt 
Rt

2

1  rt 1

Ctt1 
Rt

2 



 1  i 1     
1
1 
et

wt 1  t  
t    1 

2   
1  rt 1
1  rt 1

 


(29)

with

1
1 i 

R
wt 1  t    
t 

t
1  rt 1
1  rt 1 


Total savings are:
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  wt
et


 1  i   
1
1 
wt 1  t  
t   1     1 

2   
1  rt 1
 1  rt 1  

(31)



1   
1
1 
t  
 wt  rt 1  i 
wt 1  t  
2  
1  rt 1   2    1  rt 1 

(32)

or even:
  wt
et

The capital stock dynamic is given by:
 1  i   
1   1      1  t 
1
kt 
t    1 


1  n  2     1   1  rt 1
 1  rt 1  

kt 1

(33)

Under the steady state condition
k *1


 1  i   
1   1     1  t 
1
t    1 



1  n  2     1   1  rt 1
 1  rt 1  

(34)

where r  k *    k * 1
Proposition 3:

The effect of a funded pension on equilibrium capital stock depends on the
difference between the return on funded pensions and the interest rate of free
savings:
-

If pension funds pay more (less) than free savings, then the contribution
rate for funded pensions and equilibrium capital stock varies in the
opposite direction (the same direction).
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-

If the two categories of savings have the same return, the equilibrium
capital stock is indifferent to the contribution rate of the funded pension
scheme.11

These findings put into perspective the result largely retained in economics
literature, where it is assumed that replacing a pay-as-you-go scheme with a
funded scheme boosts economic growth.12 Demange and Laroque (2000)
implicitly point to this finding.13 Proposition 3 is also true for the transitional
dynamic (Appendix 2, Figures 2 and 3).
At this level, we recall that the theoretical properties of both pension systems are
compared in the overlapping generations model of Diamond (1965).14 However,
in intertemporal models with uncertain life expectancy a negative effect on capital
accumulation is found, particularly by Drouhin (1997),15 who shows that taking
into account life expectancy uncertainty coupled with an accidental inheritance
hypothesis, introducing the pure funded pension scheme in an economy without
a pension system entails a decline in capital accumulation.16 Moreover, in our
study, the funded scheme by itself has a negative effect on capital accumulation.
Our modelling, on the other hand, highlights three possible cases.
1. If i=r then

k *
=0


As mentioned above, total savings in a mixed system are similar to those under
the pay-as-you-go scheme. The two types of savings can then be substituted: the
funded scheme replaces free savings for an equal amount. Thus, the equilibrium
capital stock does not vary.

11
12
13

14

15
16
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See Appendix 1.
Total or partial.
In their study that formally examines the pure pay-as-you-go scheme, Demange and Laroque
find that a decrease in contributions under the pay-as-you-go scheme in favour of the funded
scheme may lead to a decrease in capital stock.
Started by Samuelson (1958) and in the line of thinking of Aaron (1966) and Samuelson (1975).
Particularly, we refer to the certain life expectancy hypothesis.
Yaari (1965); Karni and Zilcha (1989).
Savings of deceased agents before retirement benefit the living of the same generation
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2. If i> r then

k *
0


If i> r, consumers will be more encouraged to increase their savings under the
funded scheme (with the highest return) than under the free savings scheme. This
shift can be so strong that it leads to a decline in total savings and hence a decline
in capital stock.
k *
 0 , we note that there can be no substitution of free savings

with the funded scheme. On the contrary, savings under the funded scheme
(compulsory) are added to free savings. The total savings increase and
consequently capital stock also increases. This can be observed in the function of
total savings:

3. If i< r then

et
  wt



1   
1
1 
t  
 wt  rt 1  i 
wt 1  t  
2  
1  rt 1   2    1  rt 1 

or even
etSM = etRP+

1   
 w r  i 
 2    1  rt 1  t t 1

where eSM is the total savings of an economy with a mixed pension system and eRP
is the total savings of an economy with a pure pay-as-you-go system.
3. SIMULATIONS WITH A COMPUTABLE GENERAL EQUILIBRIUM MODEL WITH
OVERLAPPING GENERATIONS
3.1 The Model

In this section we proceed to an extension of the theoretical OLG model. In
CGEM-OLG, a representative agent of the entire cohort maximises their welfare,
which is modelled by an inter-temporal utility function. An economic policy
implementation will affect consumer behaviour through various impacts on their
optimal choice. Our model’s structure is similar to that of Kotlikoff and Auerbach
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(1987), Rasmussen and Rutherford (2004), Abdessalem and Chekki Cherni
(2010), Abdessalem and Chekki Cherni (2016 a and 2016 b). However, the
present work differs mainly by changing the base year of the analysis, so we match
more realistic observations and medium- and long-term forecasts, taking into
account the new socioeconomic context of Tunisia after the 2011 revolution. The
model is constructed of four blocks:17 households, producers, the pension system,
and equilibrium conditions. We suppose a closed economy and an exogenous
labour supply.
3.1.1 Block 1: Household

Household behaviour assumes perfect foresight and rationality. A representative
consumer of each generation maximises their intertemporal preferences
represented by the following function:
g N

 1 
U g ,t  c g ,t    

tg  1  

tg

Log  c g ,t 

(35)

We choose a logarithmic form to follow the theoretical model developed in the
previous sections. c g ,t is the consumption of an individual member of age-group
g at time t and ρ represents the pure rate of time preference.
At time t, when the agent is active they pay τt Wt as contributions to the PAYG
pension system and σt Wt to the complementary funded plan, and et denotes free
savings. All funded benefits (Cap), remunerated at a rate of rtc , are supposed to
be paid at first retirement. In the simulations procedure we consider three
scenarios: rtc higher, lower, or equal to rt . Pen is PAYG pension.
The intertemporal budget constraint is written as follows (Appendix 3):18

17
18
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Pent   1  rt  j  Cap g ,t  g  R
1

1
j

where
Pent  μ t Wt

(37)

μ is the replacement rate.
Cap
t  g R

g  R 1

 1  r  W
tg

c
t 1

t

t

(38)

Maximising the utility function (1) under intertemporal budget constraint (2)
gives the optimal consumption of a household belonging to generation g at each
period of its life cycle, according to the consumption of the previous period:

 1  rt 1 
c g 1,t 1  c g ,t 

 1  

(39)

The optimal choice for saving is then:
e
e g ,t 1 1  rt   Wt 1   t   t   c g ,t
g ,t

(40)

3.1.2 Block 2: Producers

A perfectly competitive market is assumed.19 A single composite good whose
price is equal to unity is produced with a Cobb-Douglas production function:

19

This situation will be considered as the baseline scenario to which simulation results will be
compared. The different return rates for free savings and pension savings will be considered in
the simulation scenarios (model shocks).
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Yt  K t Let1

(41)

where Y is real output, K is real value of the capital stock, Le is the effective labour
force, α is the capital income share, and  is a scaling variable.
Let = Lt At

(42)

where Lt is the number of workers and At is exogenous technical progress.
At=At-1(1+gpp)

(43)

From first-order conditions of profit maximisation:
rt 
 K t 1Let1  

(44)

wt 
 1    K t Let

(45)

where rt is the interest rate, δ is the rate of capital depreciation, and w is the wage
rate per unit of effective labour.
The capital stock equation is:
K t 1  I t  1    K t

(46)

3.1.3 Block 3: Pension system

For the PAYG scheme we have COTt  t SMt Lt
L
(1  gapt )Lt 1
t

(47)

Prest t  t SMt LRet
t

(48)

Ret
LRet
t  (1  gopt )Lt 1

(49)
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where COTt is the total amount of contributions, SMt is the average wage, gapt is
is the number of retirees, and
workers’ growth rate, Prest t is benefits paid, LRet
t
gopt is the retired population’s growth rate.
For the complementary funded plan:
CAPt   t SMt Lt

(50)

where CAPt is funded benefits.
3.1.4 Block 4: Equilibrium conditions

For the purpose of model closure, three equilibrium conditions of the labour
market, capital market, and composite goods market must be held:
Labour market:
R 1

Lt  H g ,t

(51)

g 0

where Hg,t is the number of workers in age-group g .
Capital market:

It St  CAPt

(52)

where St is aggregate free savings.
Composite goods market:

Y
Ct  It
t

(53)

where
N

Ct  c g ,t H g ,t

(54)

g 0
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3.1.5 Calibration to the case of Tunisia

i.

The Tunisian pension system situation

The Tunisian pension system is a PAYG-defined benefit scheme. Depending on
the sector of activity, the pension schemes are managed by two independent
funds: the National Pension and Social Insurance Fund (NPSIF) for the public
sector and the National Social Security Fund (NSSF) for the private sector. The
gap between pension contributions and benefits has been growing for several
years. The financial situation of the pension system is critical: to honour pension
scheme commitments to current retirees the government needs to balance
revenue and expenditure.
Financial pension system deficits are a structural problem that is caused by several
factors, notably the lower economic growth (mainly) after the Tunisian social
revolution, and the exacerbation of labour market problems, particularly wage
base reduction and unemployment. This situation is detrimental not only to the
pension system but also to the state’s budget balance. Further pressure on the
public budget would limit the possibility of government spending on social areas
in general and pensions in particular.
In this context, it is important that financial pension system reforms do not make
the situation even worse. For this reason, the main objective of calibrating the
model to Tunisian data is to draw a prospective analysis of relevant reform
policies and to quantitatively evaluate their economic impact. CGEM-OLG is
used to quantify the consequences of various pension reform measures on the
pension system and on the economic variables. Considering various scenarios
and their numerical results can reveal the magnitude of changes in the different
economic variables compared to a baseline scenario. Thus, it is possible to draw
conclusions to guide governments in feasible pension system reform.
ii.

Parameter calibration

Some parameters of CGE models are specified according to an econometric
approach, while others are determined by a calibration procedure (Appendix 4).
This involves solving the model by reversing the status of the variables: the values
of the economic variables (in principle endogenous) are fixed at their levels
observed during the base year, and the values of the parameters are left free. We
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then seek the values of the parameters that are consistent with social accounting
matrix data; i.e., those which make it possible to reproduce reality (for more
details of the calibration procedure see Abdessalem and Chekki Cherni 2010,
2016 a).
Preferences: Time preference rate ρ is calibrated using the first order conditions
of the consumer’s maximisation programme and respecting a constraint on the
aggregation of household consumption (see Ramussen and Rutherford 2004).
The production function: Using the expression of marginal productivity of factors
and the respective values of production and labour income for the base year, we
can calibrate α, the share of capital income.20
The pension system: The equilibrium PAYG contribution rate is defined to ensure
equality between pension system contributions and benefits in the base year. The
replacement rate, μ, is chosen to reproduce the value of the benefits for the base
year. The calibrated values are average values of the private (NSSF) and public
(NPSIF) systems.
The demographic parameters: Some data on demographic variables and their rate
of growth are taken from National Institute of Statistics (NSI) forecasts, others
(for 2034–2040) are taken from United Nations forecasts,21 and to complete
missing information we made assumptions for long-term evolution.
3.2. Simulation Results for a complementary funded pillar

We suppose that funded contribution rate  t changes from the value of zero in
the baseline scenario to a value of 1%. This is a low contribution level, but we
must bear in mind that households continue to finance the PAYG scheme. Since
our purpose is to illustrate the previous theoretical findings, we do not suppose
any pension replacement decrease (see previous work on this scenario in
Abdessalem and Chekki Cherni 2016 a). Three scenarios are simulated: rtc higher,
lower, and equal to rt.22 Figure 1 illustrates the effects on capital accumulation,
20
21
22

Econometric estimates for Tunisia yielded a very close value.
http://esa.un.org/unpop/
We were interested in this figure mainly because of transitional dynamic effects (see more
details in our previous work, Abdessalem and Chekki Cherni 2016 a).
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which depend on the difference between the returns of funded pensions and the
interest rate of free savings:
Simulation results, in the case of equality between the two remunerations, show
that capital stock is indifferent to the contribution rate of the funded pension
scheme: we find that increased compulsory savings replace the same amount of
decreased free savings, so there is no change in capital accumulation.
In the case where rc < r, simulation results show that, compared to the baseline
scenario, capital stock increases. Total saving increases since pension savings and
free savings consolidate capital accumulation.
In the case where rc > r, simulation results show that capital stock decreases
compared to the baseline scenario. Funded saving increases at the expense of free
savings, which deconsolidate capital accumulation via the crowding-out effect.
Figure 1: Effects of Complementary Funded Pension on Capital Accumulation,
2010–2075

Source: Authors’ calculations

The implemented CGEM-OLG evaluates the effects of demographic transition in
Tunisia and analyses policies for the reform of the Tunisian pension system, the
policies’ effects on the system’s financial stability, and their socioeconomic
impact. As the purpose of this paper concerns the effect of complementary
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pension funds on capital accumulation, we limited our results to this measure.
Unlike in Abdessalem and Chekki Cherni 2010 and 2016, we proceeded to a
sensitivity analysis in which we considered various values of the funded
contribution rate  t . Other sensitivity analyses were conducted with respect to
model key parameters and some functions, particularly the utility function, by
changing the logarithmic form. Sensitivity analyses suggest that the results are
remarkably stable.
4. CONCLUSION

The main aim of this paper is to conduct an analysis to guide effective pension
reform, highlighting the effects of reform measures on capital accumulation and
consequently economic growth.
Using a theoretical overlapping generations model, we found that under a pure
pay-as-you-go system the equilibrium capital stock and the pension system’s
parameters (τ,μ) vary in opposite directions. Our second aim was to examine
capital accumulation under a mixed pension system, PAYG and a
complementary funded pillar, in which we differentiate between returns on free
savings and returns on funded pension savings. This has not been much
examined in the literature: usually the merits of the pure pay-as-you-go scheme
and the pure funded pension scheme are compared. Our analysis allows us to
compare the levels of per capita capital stock with and without pension funds (in
a steady state) for three possible cases of pension savings return rate (compared
to the free savings return rate). Our research shows that the funded scheme does
not necessarily lead to an increase in capital stock. In the case of underaccumulation, under our analysis shows that such a measure is beneficial only
when the rate of return is lower for pension savings than for free savings.
The theoretical assumptions were then empirically simulated based on replicable
Tunisian data using a computable general equilibrium model with overlapping
generations. The main conclusion is that it is possible to promote capital
accumulation if the savings return rate for a funded pension is lower than that for
free savings.
In a first scenario, we simulated the effects of introducing a complementary
funded pension. The results show a crowding-out effect between free savings and
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pension savings (which are remunerated at the same rate). This finding confirms
the classical result of economic theory in this context.
In a second scenario where the pension savings return rate is higher than the free
savings return rate, the simulations reveal a decrease in free savings, total savings,
and total stock of physical capital (compared to the baseline scenario). In this
case, savings via the pension fund increased at the expense of free savings. The
crowding-out effect was so great it caused a decline in total saving, and thus a
decline in capital stock (in comparison to the baseline scenario).
In a third scenario, funded pension savings were assumed to be remunerated
below the market rate. The simulation results showed that free savings decrease
but total savings (free and pension savings) increase. The crowding-out effect is
no longer strong so pension savings are added to free savings, total saving
increases, and consequently the capital stock increases (always compared to the
baseline scenario and under model assumptions).
The simulation results, using our computable general equilibrium model with
overlapping generations, can be summarised as follows: economic activity
(physical capital accumulation) can only be stimulated if compulsory pension
savings are remunerated at a lower rate than free savings.
This paper contributes to the theoretical and empirical debate on pension
reforms.
It shows that introducing funded plans is not synonymous with boosting
economic growth. By generalising the theoretical modelling to several periods
and 55 generations and using an inter-temporal computable general equilibrium
model it provides a prospective analysis and shows that whether pension reform
promotes capital accumulation and economic growth depends on the rate of
return on funded pension savings relative to free savings.
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APPENDIX 1

Reaction of capital stock to the various parameters of the pension system
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APPENDIX 2

Transitional dynamic

Proposition 3 is also true for the transitional dynamic (Fig. 2 and Fig. 3).
According to the equation of capital stock accumulation with a mixed system, we
have:
kt 1
0
kt
In the case of the pay-as-you-go pension system, we can then write:
RP

ktRP1 f
 kt  and ktSM1 f SM  kt  .

If f is strictly increasing

kt 1
 0 , the dynamic of k is monotonous.
kt

* For i>r, we found that if
RP
ktRP1  ktSM
 kt   f SM  kt  .
1 then f

If we index T as the period when the funded pension scheme is introduced, then
kTRP  kTSM and for all t >T we have ktRP  ktSM .
*In the same way, for i<r, if
RP
SM
ktSM
 kt   f RP  kt 
1  kt 1 then f

and
kTRP  kTSM , for all t >T we have ktSM  ktRP .
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Figure 2: Capital stock accumulation for transitional dynamic (i>r).

Source: Authors’ calculations

Figure 3: Capital stock accumulation for transitional dynamic (i<r)

Source: Authors’ calculations
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APPENDIX 3

Proof for Inter-temporal Budget Constraint
The successive budget constraints (through the life cycle) of an individual
belonging to generation g are written :
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The summation of the terms on the left side of each equation equals the
summation of the terms on the right side. After sipmlifying saving expressions
we obtain:
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Which leads to

With
N=10 (11 periods)
R=8 (beginning of the retirment period)
g= 0,1,2,3………10 (11 generations from generation 0)
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APPENDIX 4

Table 1: Calibrated Parameters for CGEM-OLG (2010)
Parameters set
n (baseline)
r (baseline)
R
σ (baseline)
calibrated parameter
ρ
A
δ
α
τ (base year)
μ

0.01
0.05
8
0
0.028
0.828
0.07
0.4
0.14
0.67

Source: Authors’ calculations
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