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Abstract

In this paper we model an OLG-economy where labour supply is endogenously determined
and where we assume that there are two pension systems, namely, a pay-as-you-go system
and a funded system. The main question is whether there is an equilibrium involving an old-
age pensions system, partly financed by PAYG and partly by a capital reserve system, and
what will be the size and the composition of the pension income. We also look at the
consequences of increasing preference for leisure on the design of the pension system. We
assume the population growth rate and the technological growth rate to be endogenous; they
are assumed to be correlated with the labour supply. Negative population growth is admitted
for by the model. The main conclusion is that there is in any economy an equilibrium, but that
the numerical outcomes heavily depend on the attitude towards leisure and the capital
production elasticity.
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1 Introduction

A major concern of the developed world is the ageing problem. Birth rates
and age-specific mortality rates are falling. The result is that the world is
confronted for the first time with the fact that the retired part of populations
is becoming quite substantial. The ratio of retired to workers, the dependency
ratio, is increasing to 1:3 or even more. It is sometimes thought that this is
a transitory phenomenon and that the ratio will tend to normal values again
if we reach a new equilibrium. However, it is easy to show that this is only
partially true. In a stationary demography the average age is a decreasing
function of the birth rate; similarly it is increasing with rising life expectancy.
In all probability we have entered into a demographic situation where the
population growth rate hovers at zero or even becomes negative, say minus
1% per year, while life expectancy tends to eighty years or more. Given this
new situation the question how the retired have to be supported becomes an
urgent question. In most economies the retirement pension is generated from
two sources or 'pillars’. The first pillar is a compulsory pension insurance
system, based on compulsory savings, where workers save for their old age
pension. This is a major source for capital investments. The second pillar
is a state pension, which is financed by compulsory contributions from the
workers to a pay - as- you - go system (PAYG). The PAYG - system does not
generate capital investments. In practice in each country we find a mixture
of both systems, but the mix varies widely between and within countries
countries. In the U.K. and The Netherlands the funding system is quite
important but, e.g., in France, Germany and Italy the bulk of pensions stems
from a PAYG system.

In this paper we shall consider the question whether there is a relation be-
tween the demographic parameters, i.e. the birth rate, and the probable mix
between the two pension systems and what we may expect for the total level
of retirement pensions, if the demographic parameters change. This paper
builds on Van Praag and Cardoso (2002), but we introduce some important

new elements.



In most of the literature it is assumed that labor supply per individual is
exogenously fixed. In this paper we shall assume that labor supply, that is
the number of working hours per week, is determined by the worker. Hence
labor supply is assumed to be endogenous. However, this free choice comes at
a price. If a worker works less than a full-time working week of 40 hours, but
e.g. only for half-time, then in most cases the worker will be less productive
per hour than when working full-time. Empirical evidence that compensation
per hour is lower in part-time jobs than in full-time jobs has been found!.
Both employers and employees are aware of it. It may be explained by two
things. First, a working task requires training and permanent schooling on
the job. This implies an investment for the employer in terms of training costs
and productive hours lost, which are used for learning by the worker instead
of for direct production with negative consequences for labor productivity.
The rentability of such investments decreases if the worker makes shorter
hours. It follows that the employer will invest less in the part-time worker
than in the full - time worker. A second reason is that a job may be split
up in productive hours and in a number of activities and costs, which are
comparable to fixed set up costs, e.g. the tools and clothing of a blue-
collar worker or the time for meetings and transfer of tasks for a white-collar
worker. As the fixed costs are the same, irrespective of the number of hours
in employment, the hourly production becomes less for part-time workers.
It follows that productivity will depend non-linearly on hours worked. We
assume that the worker is aware of the fact that his hourly wage depends in
a negative way on the length of his working week when determining his labor
supply. We shall also assume that the growth rate of labor productivity is
endogenous. This rate depends on the size of labor - augmenting investments
and technological research. For the same reasons as given above we assume
that employers are more inclined to invest in labor-augmenting innovations
if workers are working full-time than when they are working part-time. We

assume that individual workers are unaware of this relationship and decide

!See, e.g., Lettau (1997)



about their labor supply as if the technological growth rate does not depend
on the length of the working week. It is a macro - phenomenon on which the
worker as an individual has no influence.

There is some evidence in practice and in literature that such relation-
ships between the length of the working week and both the level and the
growth rate of labor productivity exist, but we recognize that the question
whether such relations hold is not scientifically beyond debate. Moreover, the
socio-political content of this debate is evident and this makes objective non-
prejudiced research on this subject difficult. Finally, we are sharply aware of
the fact that in reality there is a strong heterogeneity between individuals,
which makes it hard to come to generally valid statements. Nevertheless, we
shall ignore such subtleties in line with the abstraction level of this paper. In
this paper we postulate a monotonically increasing relation between working
hours and productivity, but this choice might be replaced by any other func-
tional specification as well. For instance, in the framework of the nineteenth
century 70 hours working week, it might quite well be that a reduction of
the working week would lead to more productivity and a faster productivity
growth instead of less. The major point is that the labor-augmenting growth
rate becomes endogenous as well.

Finally, we observe in most countries a correlation between the birth rate
and (female) labor participation. We will account for this in the model as
well. For females it is well-recognized that they frequently face a choice
between (increased) participation or getting children. Again, although indi-
viduals are quite aware of the fact that working longer hours induces them to
get less children, the individual will not bother himself about the fact that,
if all individuals will do likewise, the over-all birth rate of the population will
be reduced.

In various countries we find an explicit or implicit upper bound on fertility.
The only - child - policy in China is an obvious example. In other countries
the housing market may put an effective limit on the family size like in Japan

or in The Netherlands. Those limits will be incorporated in this model and



we shall consider the Chinese case as a special example.

In this paper we assume that there are three parties in an Overlapping
Generations economy: the workers, the retired, and the state. The workers
care for themselves; the retired have their pension savings and some political
clout, but their influence is indirect through government; the state cares for
the workers and the retired. The state has taken over the task to care for the
weak (i.e. the retired) from the working citizens, who are less able and/or
unwilling to do this as individuals. The working citizens pay taxes to the
state and the state uses part of it to look after the weak, thus freeing the
individual citizens from their altruistic tasks: altruism is institutionalized.
This is a matter of efficiency. This model implies that the state and the
individual workers in general will have different objectives and hence different
objective functions to be maximized. We are looking for a Nash - equilibrium

between the workers and the state.

The model presented builds on the general equilibrium two-period over-
lapping generation model (OLG), first presented in the seminal papers by
Samuelson (1958, 1975) and Diamond (1965). Endogenous or elastic labour
supply is ignored in most of the subsequent literature dealing with social
security?. Breyer and Stolte (2001), who present a model of majority vot-
ing, is an exception, as they endogenize the labour supply decision. Based
on this idea, already presented in Breyer (1994a), the authors found that in
case the workers can avoid the payment of taxes by reducing their labour
supply, the burden of ageing will penalize more heavily the retired than the
young. Casamatta et al. (2001) consider early retirement issues in the con-
text of direct voting and conclude that a PAYG pension system inducing
early retirement also generates a higher welfare than one that does not affect
retirement decisions.

In a very recent contribution Razin et al. (2002) present an argument why

2For comprehensive surveys on the political economy of social security we refer to
Verbon (1993), Breyer (1994) and Galasso and Profeta (2002).



pay-roll taxes may not increase in the scenario of an ageing population. In
their model attention is paid to human capital investments, where individuals
have different talents for learning. Labour supply is assumed to be exogenous,
whereas in our model we assume labour supply to be endogenous.

These models are based on majority voting, with decisions on the struc-
ture of PAYG system being taken once and for all. Cooley and Soares (1999)
and Boldrin and Rustichini (2000) departed from this approach by introduc-
ing a dynamic, repeated-voting game, where voting takes place every period:
at the first stage individuals have the option to set-up a PAYG system and in
every subsequent period they may vote on the continuation or abandonment
of the original system. In both articles it is shown that a PAYG system
arises at equilibrium, and once it is in place it will never be dismantled. This
implies that the first generation that votes for the installation of the sys-
tem completely determines its design for the coming periods. In Boldrin and
Rustichini (2000) additional attention is paid to the dynamics of the political
equilibrium and its effects on capital accumulation, while Cooley and Soares
(1999) work also on measuring the welfare effects of the politico - economic
equilibria. In the last contribution labour supply is endogenised like in our
paper.

Despite the wide use of 'the median voter’, one may argue that as there are
social security programs in democratic and non-democratic countries, median
voter models are less appropriate to explain the existence of such programs in
authoritarian systems or in multi-party democracies. We give a contribution
by modeling the decision making in the framework of a government that has
its own objective function, which comprises the citizen’s utility function as
one of its arguments. This is the case in representative democracies, but
it can describe also the reality in non-democratic countries, where dictators
have to avoid public outrage. In this respect the work by Meijdam and
Verbon (1996) predates this paper as these authors use a similar approach
to study the effects of ageing on the economy.

Some aspects of the ageing problem have been studied in a context of



(computable) general equilibrium OLG - models. Examples of this approach
are Auerbach and Kotlikoff (1987), Raffelhuschen and Risa (1995) and Miles
(1999). These models provide a normative analysis in a context of a large
number of simultaneously living population cohorts. The model presented in
our paper is focusing on a positive rather than on a normative approach.

A considerable literature looks at intergenerational transfer systems with
endogenous fertility considering the effect of demography on the (macro) sus-
tainability of the PAYG system. An early bird in this literature is Van Praag
and Poeth (1975). They attempted to model a third type of old-age income
provision: transfers from children to parents. In this case old age income is
dependent on one’s offspring as in Nishimura and Zhang (1992). Intra-family
transfers arise due to altruism from children to parents. Kolmar (1997) re-
verses the direction of altruism assuming that parents care for their children’s
welfare and derives the optimal PAYG-pension formula related to the num-
ber of children raised. Cigno (1993) studied intergenerational transfers where
any kind of altruism is assumed to be away. Within a three-periods OLG
world, it is shown that transfers from selfish middle-aged individuals (the
only ones with own income) to their parents and offspring can be sustained
if people see transfers from the middle-aged individual to the young as loans
and from the middle-aged to the old as debt repayments.

We do not include transfers from children to parents as a third pension
system as it is relatively unimportant in real-world developed economies. It
is replaced by the institute of compulsory membership of a national PAYG-

system.

In this paper we distinguish between the capital reserve system, which
is fed by employees who save on a mandatory basis, and the nation-wide
PAYG - system. We observe that most retired citizens are supported from
both sources. The mix differs between countries. The novel contributions of
our paper are that we look at the mix and the total level of pensions as the
outcomes of a political Nash-equilibrium with the individual citizens and the

government as players. We allow for endogeneity in population growth, in



labour supply and in technological growth. Moreover, we will check whether
elastic labour supply and stronger preferences for leisure will stimulate the

expansion of unfunded PAYG systems in face of an ageing population.

This paper is organized as follows. First, in section 2, the two-period
model that will be used is presented. In section 3 the equilibrium is derived.
In section 4 numerical results are analysed. In Section 5 we evaluate our

results and draw some conclusions.

2 The Model

2.1 The Citizen

We assume that individuals live for two periods. During the first period of life
they work and during the second period they are retired. In this economy the
worker has two choice variables: savings S; and labor supply ¢,. In reality
labour supply may be varied in a number of ways, e.g., by shorter hours,
early retirements, longer holidays, etc. If we replace the ’individual’ by the
"household’, labour supply may also vary because one or both of the spouses
do not work full-time or has an incomplete working history. Then we talk of
household supply. In this paper we will not make such differentiations. We
scale the variable ¢, such that ¢, € [0,1]. We also assume that the worker
takes the full-time hourly wage rate w;, the interest rate r;, the growth rate
g and the pay-roll tax 6; as exogenously given.

A worker’s consumption equals
Cy = {(1 = 0)w, — i) }h(p) Ay (1)

The superscript stands for the birth cohort and the subscript for calendar
time. We assume that each worker embodies A; labour efficiency units, when
he is working the full working week and during the whole period. If he/she
works for a fraction ¢,, his/her labour output will be h(y,)A;. The share

¢, can either be seen as the number of years spent working until (early)
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retirement or as the number of working hours per week. The function A(¢p,)
(0 < h(.) < 1) expresses the (non-linear) relation between labour effort and
labour income, with A/(.) > 0. If an individual gets w; per efficiency unit if he
is working full time, it is reduced to w;h(¢p,), when he works part - time. The
gross wage will be then equal to w;h(p,)A;. The variable 6; is the fraction of
wage wy, which is paid as contribution to the PAYG system. Savings amount
to S; per labour efficiency unit supplied. In the second period of life the

individual will be retired and the consumption will be:

Cli1 = {P1+ (14 re1)Seth(e) A (2)

where P, represents the PAYG - pension and (1 + r;,1)S; represents the
pension from the funded pillar, both per unit of effective labour supplied by
the individual in the first period. The interest rate is denoted by r;, ;. We

assume for the (working) individual a separable lifetime utility function

Ut=U1(C$al—80t)+PU2(C€+1) (3)

where p is the individual time preference discount rate. The working period
utility depends on consumption Cf and leisure (1 — ¢,), while the retirement
period utility depends on consumption Cf,; only.

In order to allow for further numerical treatment we shall assume that the
consumption utility of an individual is specified as a function of the Constant
Relative Risk Aversion (CRRA)-type, that is, U(C) = C*=/(1 —~). In
line with most empirical estimates we assume that the relative risk aversion
parameter v is larger than one (y > 1). This implies that the utility value
is negative but increasing in C' and tending to zero asymptotically. If we
assume that U; = U.(C).U,(1 — ¢) where the first factor is consumption
utility and the second factor is leisure utility, it follows that for Uj. positive
and monotonically increasing in leisure an increase in leisure would lead to a

decrease of overall utility U;. It implies that we have to adapt our specification



of the leisure part to account for v > 1. We assume the specific form:

Ue(l —¢;) = ﬁ, where € > 0. Lifetime utility is

e 1 p(Cfﬂ)H
L—v (1=¢)° 1—v

The citizens’ utility function becomes then after substitution of (1) and

(2) in (4):

Ut =

(4)

({(1 = 0w, — Sy) }h(,) A ({Prsr + (14 7r41)Si}h(p,) A

Ul = +p
(1 =7)(1—@)° 1—v

()

2.2 Demography

We assume that population L; grows at the rate n; per period, L,y = (1 +
n¢)Ls. Tt is assumed, based on the observed trends in the last century and
on demographic family- planning- surveys, that the longer working weeks
go hand in hand with smaller families. Thus increased working efforts will

reduce population growth. The equation of population growth is specified as

n=i—ep! (6)

The idea is that there is a maximum birth rate n which is reduced with
a heavier work burden. Typically this reduction will be non - linear. We
assume e, ¥ > 0. There is a maximum growth rate n and a minimum rate

n — e; both rates may be negative.

2.3 Technology

For the sake of simplicity we consider a one-commodity closed economy,

where the commodity can be either used as a capital or as a consumption

10



good. Consequently, the current aggregate capital stock is the sum of savings
of all old individuals:

K= Sth(SOt)AtLt (7)

We assume a Cobb-Douglas production function, which yields :

Yy = K7 (Ad() L)' ™ (8)

and y; = ky¥, with ky, = (W), where y and & stand for the production and
the capital per employed output efficiency unit. In the case of competitive
markets the interest and wage rates per employed unit of effective labour
equal the marginal productivity of capital and labour, respectively. We get

as usual:

dy a-
ry = % = OZ]{?t 1 (9)
Wy = Y — Ttkt = (1 — Oé)kzl (10)

In this paper we distinguish between labour input ¢ A and effective labour
output h(p)A . We assume a non-linear relationship h(y,). In this paper we

assume
h(g) = ¢ A>1 (11)

In the case of A = 1 there are no scale effects. We shall assume that the
worker is aware of the fact that his hourly wage will be reduced if he supplies
less hours.

We assume technological growth g, in the sense that

Arpr = (1+g0) A (12)

11



Also here we shall assume that g; is endogenous, that is, g = g(p,). If
labor supply is low, it is less profitable and there are fewer opportunities to
enhance the quality of labour by learning-by-doing and inventing in labour-

augmenting technology than when participation is high. We specify

g=gxe, 1=>0 (13)

The maximum growth rate is denoted by g. When n = 0 and A = 1 we
are back into the situation of 'pure’ exogenous growth.

We see this as a macro-relation of which the individual worker is uncon-
scious. It does not affect his labour supply.

The total growth rate of the labour force in terms of efficiency units is
denoted by v, and we have (14 v;) = (14 g¢)(1 + ny).

2.4 The state and the PAYG social security system

Decisions on the size of the PAYG system can be modelled in at least two
ways: one is to assume a direct voting process, where the decision will de-
pend on the 'median voter’. However, if the political spectre is not one-
dimensional, it is frequently impossible to define a 'median voter’. The
median-voter solution is irrelevant in non-democratic or multi-party systems.
The other way, which shall be followed here, is to consider the state, rep-
resented by its government, as a separate agent in the economy. This is
obviously the everyday practice in most countries. The rationale for the ex-
istence of a state is that it can do things which citizens want but cannot
do themselves or only at much higher costs. This holds especially for the
production of collective goods, merit goods, and all kinds of basic collective
insurances like for old-age, disability, defense in case of war, and natural dis-
asters. This makes it also possible that individual citizens have not to bother
about such tasks. Individuals do not have to care for their anonymous fel-
low - citizens, because the state will care for them if necessary. The state

becomes a defender of the weak. These activities are financed by levying a
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tax 6;. In the simplified world, which we consider, the weak are thought to
be identical with the retired (generation ¢ —1). They have no leverage to ask
for contributions from the workers (generation ¢) and mainly they dispose
only of a minority of the votes.

The government takes into account the interests of both the currently
living workers and the retired. So government policies are influenced by
both living generations. It behaves as if it is maximizing a composite utility
function (W), a weighted average of the utilities of the different generations.
It will be called the government objective function (GOF'), which we specify
as

W =U'C},1 = ¢, Cipy) + 8(n)UH(C) (14)

The first term in (14) represents the lifetime utility function of the present
workers. The last term stands for the utility of the currently retired. The
weight 6(n;) reflects the relative weight that is assigned to the retired, the

8
D Thn; - For
the baseline scenario the value 6 = 1 will be considered. If the population

weight of the young generation being set at one. We assume §; =

does not accept the government’s behavior, that is its GOF, there will be
discontent. If that discontent is large enough, the government or at least its
GOF will be changed, either by democratic means or by revolution. We will
assume in this paper that the GOF reflects the expectations of the citizens
as to what the government should stand for.

We notice that the government has only one instrument in this model, the
tax rate #;, by which it can influence the present and future consumption of
the workers C!, Cf, | and the consumption of the presently retired C{~'. We
assume that the workers when making their decisions on saving and labour
supply do this under the hypothesis that the current tax rate will be left
unchanged in the future.

We notice that it looks as if the government has a finite horizon of only

one period ahead. However, we may extend this to a more - period or even in-

13



finite horizon. We may consider the following extended government objective

function

W =U"C}, 1 = ¢, Cipy) + 8(n)UHC™) + CUTHCHT 1 — @110, Cil)
(15)

where we assume in this example that the government is sensitive to the
interests of the first-next unborn generation as well. We notice that in a
dynamic equilibrium consumption will increase by the growth rate g(n) and
hence utility by g(n)'=. It follows that the above expression can be rewritten
in terms of the original GOF with other weights. The generalization is rather
straightforward for a longer time horizon. Although we will not take this
more-period extension explicitly into account, it follows that the model is
also useful when the government takes the interests of future generations
into account.

The government collects contributions from the workers and pays all the
revenue as pensions to the elderly, so an equality between expenditures and
tax revenues holds. Thus the PAYG pension is determined by the budget

constraint:

F)t * At—l * Lt—l * h(gpt_l) = Qt * Wy * At X Lt * h(gpt)

and we find

P= 1+ v P (16)

The rules of behaviour are now obvious. The workers maximize their
utility by deciding about their labour supply ¢, and their savings S;. The
state maximizes the GOF with respect to 8,. Moreover, a Nash behaviour is
assumed: both the individual and the government take the decisions of the

other part as given.

14



If there exists a stationary equilibrium, there have to be values S, ¢, 0
which are constant over time such that the first-order-conditions for both

parties are satisfied. Moreover, we have to account for the relations (6), (11)
and (13).

2.5 The first - order conditions

Maximization of citizen’s utility in equation (5) with respect to ¢ gives

ou ey Lo e 1 ¢t \—Cin

— = — LK 7, g B =

¢, (@) (L—p) R +elc) (L =)(1 = pp)=tt * PUCn) h p=0
(17)

As h = ©*, we notice that %' = % and we get

Ct 1—y —pA(1 — SOt)EH
— _ 18
{Cfﬂ} (1= )A+ 2 18)

1—y

We get for the first-order-condition with respect to savings:

oU? B 1 _
35, (CH) 77 (—Aih(e,)) * A=) + p(CL) (14 7i41) Ah(p,) = 0
t
(19)
and after further simplification:
Ct oy 1
cr = (p(1+ 1) (L — o)) ™ (20)
t+

The government takes the decisions of the individuals as given. The first-

order-condition for government optimizing behaviour is given by:

15



oW o
0, (CH) T (—wiAth(py)) *

1
(1=, "
+p(Cii1) (wert (1 + vern) Ach(pey1)) + (21)
+(CH) T (wi(1+ ) Aah(py)) = 0

After simplification we get:

_(Cf)ﬂ(wth(%)) o) + p(C’fH)*V(th(l + v 1) h(Pei)) +

(1-
=1y v L
+6(C )71+ t)(1+gt)

wih(gp;) =0 (22)

or

—(Cf)”(wth(sot))(l_ilw +p(Ca) T (wera(1+ vern) by 1)) +

+6(Cy ) (L + nwih(py) = 0 (23)

We notice that factor prices w; and r; are also influenced by 6;.

3 The Equilibrium

In the equilibrium, as usual, we assume that the variables ¢,, S; and 60, and
consequently w; and r; are constant over time. The only sources of growth
are the population growth n; and the technological progress g;. Variables
without time index represent equilibrium values.

The solution to the three first-order-conditions of our model, two for the
individual and one for government behaviour, will give the solution for the
variables of our model. We will go back to the first-order-conditions of the

individual problem. For leisure, from equation (18) we get:

{ Ctt }1—7 _ —p)\(l — SO)E—H
7 B s p g

16



or

t —p(1 — e+1
(poyr =zl 24
Cin 1= o1+ 5773)
For savings, from equation (20) we find
Ci ‘
(G) 7 = p(L 471 ) (25)
i+1

The first-order condition for government behaviour (23) becomes after

some algebra:

-~

(1— ) +p(CL) 7L+ 0)+6(C )" (1+n) =0 (26)

Simplifying and dividing by (Cy, )", while taking into account that in

equilibrium Cf,; = (14 ¢)Cf{ ' we get

Gy,
Cirw (1=9p)

—( —+p(1+v)+6(1+g)"(1+n)=0 (27)

3.1 Leisure

Combining the first order conditions for leisure (24) and the government (27)

we get the equation in ¢

p(1 — )=t = 1

e L

—(

Fp(l+v)+6(1+9)"(1+n)=0 (28)

After some simplification we get the first-order condition for leisure:
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2
f
o

_ P (1 —
r =1 09

+p(1+v)+6(1+g)"(14+n)=0 (29)

The solution to this reduced form equation gives the value for the optimal
labor supply ¢ in equilibrium. We notice that this is an equation in one
unknown ¢ as 6, n and g and consequently v are functions of ¢ as well.
Having determined the endogenous ¢ we may roll back the system and solve
for the other unknowns. Unfortunately there is no closed -form -solution for
this equation, so it turns out that we have to use numerical methods. The

outcomes of numerical solutions will be presented below in Section 4.

3.2 Contribution rate

The equilibrium contribution rate 6 is now found from equation (27). We

get:

Clry 1 1

e i A ) B (RS ) .
(nS+Py, 1 1
((1 — O)w — 3= 1—¢)  (p(1+v)+6(1+g)(1L+n)) oy

After some straightforward algebra we obtain an explicit solution for 6:

(1-2)H—-(1+r)2
1+v+ H

with H = ((p(1+v) +6(1 4 g)"(1 +n))(1 — ¢)7)7
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3.3 Interest rate and Savings

Combining the first-order-conditions for the government with the individual’s

savings problem, equations (27) and (25) we get:

(P(L+v) +6(1+9)"(1+n))(1 —¢)" = p(1+7)(1 = ¢)°

p(L4+v)+6(14+¢)"(1+n)=p(l+r)

yielding

r:v+g(1+g)7(1+n) (33)

The interest rate is a function of the growth rate of this economy v plus a
term that depends on the political weight of the old 6. In case the government
does not take into account the utility of the old, i.e. 6 = 0, we find the
traditional golden rule solution of capital accumulation. If § increases, it is
hard to say what will be the effect on r, because n, g and v depend (via ¢)
on 6 as well. However, the numerical explorations will provide some insight
in the sensitivity of the solution with respect to parameter values.

We are now able to derive the optimal savings per labour effective unit in
equilibrium. Using a Cobb-Douglas production function we have r = ak® !
in a competitive equilibrium. It follows that, in equilibrium, the capital stock

becomes, k = (g)ﬁ Savings are then

v+ 2 v n
§= (1A, o (34)

«
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4 Numerical Explorations

The model outlined above hangs on the solution of the non-linear equation
(29). If we want to analyse the dependency between the various parameters
and the outcome variables, we have to take recourse to numerical simulations,
where we vary the parameter values. We will now present numerical results
of our model.

The basic parameters of the model are:

a. population parameters n,e and y, where n stands for maximum pop-
ulation growth per period , (7 — e) stands for minimum growth and y stands

for the birth rate elasticity with respect to the length of the working week;

b. the technological parameters «,g,n and A, where « stands for the
production elasticity of capital in the Cobb-Douglas production function, g
for maximum productivity growth, n for the growth elasticity with respect
to the working week and A for the labour output elasticity with respect to

the working week;

c. the individual parameters v,c and p, where the first two describe the
effect of consumption and leisure on the utility and where p stands for the

subjective time discount rate;

d. the political parameter &, which reflects the weight assigned to the
retired part of the population.

We should be aware that we deal with a period length of a generation of
say about 35 years. It follows that a maximum population growth rate n of
0.3 per period of 35 years is equivalent to about 0.7% per year. Similarly
the parameters e, g, and p have to be annualized. We will start from a
baseline scenario. We will assume as our baseline scenario an exogenous
maximum population growth rate 7 of 0.7% per year, an exogenous maximal

technological growth rate g of 2.5% per year, and a subjective time discount
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rate of about 1% per year. The values for the growth rate reflect the observed
ones in several real economies, the time preference is in line with Miles (1999)
and further references presented therein. All the other parameters of the
model are independent of the period length. For the relative risk aversion 7y
a value of 2 is taken. The capital elasticity in the Cobb-Douglas production
function («) is set at 25%. For the political weight of the old § we take
Hin (starting with 6 = 1 in the baseline scenario). The relative preference
of leisure vs. consumption, expressed by ¢ is fixed at 0.7. For n and A, we
assume 0.8 and 1.4. For the impact of the labour effort on demographic
growth, we take e = 0.2 and y = 0.8. This baseline scenario is chosen partly
because empirical estimates are known, e.g. for a. For the other part they
have been chosen by calibration, as we looked for realistic outcomes.

Later we will look at the sensitivity of the outcomes of our model to
changes in some of these parameters, the first of them, the population growth
rate, to see how different demographic scenarios will influence the design of
the two pensions systems.

To summarize, our baseline scenario becomes:

n e X € p ¥ g X 7 o o
03 0.2 0.8 0.7 07 20 14 14 08 025 -

1+n
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We are interested in the resulting values for the endogenous variables.
Those variables are:

n the population growth rate per period

npa the effective population growth rate per annum (p.a.)
g the effective technological growth rate (per period)
gpa the effective technological growth rate (p.a.)

%) the labour supply (p.p.)

0 the contribution rate to the PAYG system

Y Income per efficiency unit: k*h(p)

vpa the growth rate of the economy (p.a.)
rpa the interest rate (p.a.)

k/y capital output ratio (p.a.)

S/w Savings over gross wage ratio
. . (14r)S
FR Fundlng ratio: W
BenR  Benefit ratio: Cét
t
AvgW  Total welfare: U} + ﬁnUf*l

Most of the variables do not need further explanation. The capital -
output ratio is the ratio of a timeless variable and one which is calculated
per period, so it has to be annualized by multiplying it by 35. The funding
ratio, which is the fraction of old-age income that stems from the funded
pension system, measures the mix between the PAYG - and the capital -
reserve- system. Total welfare stands for the average utility of the workers

and the retired, weighted by their population shares.
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Table 1: Outcomes for the baseline scenario.

npa 0.4%
qgpa 2.1%
%) 0.704
0 13.2%
y 0.198
vpa 2.5%
rpa 6.3%
Ky 1181
5 10.6%
FR 74.1%
BenR 7%

AvgU —14.961

The resulting outcomes are a population growth of 0.4 % and a produc-
tivity growth of 2.1% per year. The labour participation ratio ¢ becomes
0.70. This means that people will work slightly above two thirds of their
maximum working time. The social security tax is 13% of the labour in-
come. The total output grows at the rate 2.5 %. The capital output ratio is
1.181 and savings will collect a bit more than 10% of the gross wage. The
resulting funding ratio is about 74%. This means that about three quarters
of the retirement income is coming from own savings while the remainder
stems from the pay-as-you-go system. The benefit ratio is here 77%, that is,
the retiree’s income is about 3/4 of the worker’s income.

The really interesting question is now to test the dependence of the out-
comes on the choice of the parameters by simulating the solutions to this
model under a range of parameter estimates. Actually, sensitivity analysis
should form an important part of any numerical simulation analysis. The
ranges of values considered (arithmetic sequences of 10 elements) are pre-
sented in Table 2. The outcomes in Table 3 are almost always monotonic
functions of the input parameters. Although those relationships do not ex-

hibit constant elasticity, the average arc-elasticities over the relevant ranges
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are indicative of those relationships. The values of the elasticities of the im-
pacts of changes in the endogenous variables as functions of changes in the

exogenous parameters of the model are presented in Table 3.

Table 2: The ranges of the parameter values

Lower bound Upper bound Increment

n -0.6 0.4 0.1
(-0.015) (0.01)
e 0 1.0 0.1
X 0 1.0 0.1
€ 0.1 1.1 0.1
p 0.35 0.85 0.05
(0.009) (0.018)
~y 1.5 4.0 0.25
g 0 2.0 0.2
(0) (0.032)
A 1.0 2.0 0.1
n 2.0 0.2
a 0.15 0.35 0.02
0 0 2.0 0.2

In parentheses the corresponding annualised values are presented.
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Table 3A: Impact elasticities of the demographic and individual preferences

parameters
n e X € p g
0.995 —3.029 0.202 0.200 —0.026 —0.302
—0.001 0.001 0.000 —0.204 0.028 0.297
—0.002 0.002 0.000 —0.255 0.035 0.371
—0.451 0.629 —0.051 —0.460 —0.145 0.242
—0.030 0.042 —-0.003 —0.292 0.320 —0.230
vpa 4510 —1.544 0.029 —0.092 0.013 0.133
rpa 0.037  —0.051 0.003 —0.084 —0.332 0.792
k/y —0.083 0.115 —0.008 0.196 0.812 —2.241
S/w 0.427 —0.383 0.017 0.118 0.823 —2.128
FR 0.195 —0.237 0.013 0.128 0.061 —0.120
BenR 0.038 —0.053 0.004 —0.146 0.093 —0.185
AvgW 0.545 —0.397 0.013 —0.587 0.252 —3.575

e 6 @ 3

Table 3B: Impact elasticities of the technological and political parameters

J A n @ 1
0.012 —-0.210 —0.005 0.000 0.011
0.988 0.219 —-0.339 0.000 —-0.012

—0.016 0.273 0.006 0.000 —0.014
0.351 —0.459 —0.091 -—-3.777 2.134
—0.280 —0.167 0.114 —1.151 —0.266
vpa 0.570 0.098 —0.209 0.000 —0.005
rpa 0.352 0.090 —0.140 0.000 0.320
k/y  —0.772 —0.210 0.315 1.000 —0.735
S/w —0.385 —0.127 0.155 1.323 —0.739
FR —0.088 0.109 0.033 1.046 —0.341
BenR —0.045 —0.256 0.018 0.000 0.338
AvW 0.130 -0.373 —0.056 —1.197 —0.238

c 6 @ 3

It is obviously impossible to comment on all 120 elasticities. So let us
concentrate on the most important values. The first three parameters n,

e, and x have their expected effects on the population growth rate n. The
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effect of y is actually very small. The impact of n and e on the level and
composition of the pensions are very considerable: higher population growth
implies a lower PAYG tax rate, a higher growth rate (vpa) and higher average
welfare.

The next three parameters are the individual ones. The leisure pref-
erence parameter € has strong negative effects on the labour supply and
on the contribution rate to the PAYG system, and also on technological
progress, income and average welfare. Furthermore, the pension system
will become more funded when the leisure elasticity increases. When the
risk aversion parameter «y increases, we find that the labour supply and the
PAY G-contribution rate increase, while the population growth rate, the sav-
ings rate and the capital intensity strongly decrease. Savings and capital
intensity are strongly affected by the time preference p, which, as expected
are seen to increase with p, while average welfare increases as well. The level
of the PAYG-contribution rate is seen to decrease with stronger preferences
for future rather than current consumption.

Now let us look at the technological parameters. The capital intensity
and the savings rate fall considerably with increasing maximum technological
progress g. It appears that most of the growth will trickle down in an enlarged
PAYG - system. Inversely, if the possibilities for growth, as reflected by the
upper bound g, are diminishing, this will lead to a greater dependency on own
savings and a reduction of social security, thus to less welfare on the average.
This may be the situation at the end of a technical innovation wave (or the
end of a Kondratiew cycle), where the upper limit of growth seems to reduce.
The higher A, the more wage is reduced for less intensive participation in the
labour market. It follows that labour supply rises as workers are stimulated
to work full-time. The contribution rate strongly decreases, the population
growth rate n shrinks and the savings rate decreases if A increases. It seems
that in western economies, where unskilled piece work is diminishing and
hence ) is increasing, we see this phenomenon coming up, although countered

by an increase in leisure preferences in some Western countries. A change
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in 7, the sensitivity of technological growth with respect to longer hours,
has positive effects on capital intensity and savings but has negligible effects
on the labour supply and the contribution rate. An increase in the capital
intensity a will lead to a strong tendency toward a more funded pension
system, with an accompanying reduction of # and the PAYG-system and an
increase in the savings rate. Despite the change in the system mix the total
benefit ratio remains constant, when « varies.

Finally, let us look at the effect of &. If the retired generation becomes
more influential, that is the government becomes more a countervailing power
to the workers, it results in a huge increase of the PAYG-system with a si-
multaneous but lesser reduction of the capital-reserve system. Labour supply
¢ will marginally decrease. The income level will decrease as well, while the
interest rate will increase. The savings ratio and the capital-output ratio
fall considerably. Not unexpectedly the benefit ratio will increase and the

average welfare will decrease.

Let us conclude the analysis of the results of our model by investigating
the consequences of the Chinese ”only-child” policy . A strict enforcement
of that policy will imply that the size of each generation is half the size of
their parents’ generation. Thus the maximum exogenous population growth
rate 7 is -50%. To allow for comparisons all the other parameters will be

kept equal to the ones in the earlier baseline scenario.

Table 4: The Chinese ”only-child” policy

npa gpa ") 0 vpa y rpa k/y S/w FR BenR AvgU
—4% 2.1% 0.707 505% —0.9% 0.216 5.6% 1.512 4.1% 43.6% 68.8% —43.123

3We exclude other effects as the gender imbalance and the non-citizen status of second

and lower- ranking children.
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It can be observed that, although this policy will have no sizeable effect
on the labour supply, the size of the PAYG pillar will be very significantly
increased. In a stationary environment the contributions to the PAYG system
will collect more than half of the labour income and simultaneously savings
will amount to 4% of the gross wage. Thus, the compound effect of this policy
when applied to its full extent is a very significant increase in the relative
importance of the unfunded pillar and a slight decrease of the relative position
of the elderly, due to a reduction in the benefit-ratio. Average welfare will

shrink sharply.

5 Conclusion

In this paper we developed an OLG - model where labour supply is endoge-
nously determined in the model. The same holds for the population growth
rate and the mix of the old - age pension system between PAYG and funded
pillar. It is evident that this model is still a very stylized version of reality. It
is a two - period model with a homogeneous population. Nevertheless, this
exercise in comparative statics tells us something about the current situation
and the tendencies which may be expected in reality in the near future, as
these results hold for a broad range of parameters values. A decrease of the
maximum population growth rate n will result in an increase in the contri-
bution rates to the PAYG system, a smaller accent on the capital reserve
system, a lowering of the benefit ratio, and a strong fall in average welfare.
Combining this phenomenon with an increase in the leisure elasticity e will
have ambiguous results in some variables, but it will also lead to a strong
decrease of average welfare and the benefit ratio.

In our view these tendencies are found in the Western world. In the post-
industrialist economy we find indeed that leisure and the use of leisure have
got much more importance. We think especially of the shortening of the
working week, sometimes supported by law as in France where a maximum
working week of 35 hours has been imposed by law. We see also that the birth
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rate in all western countries is falling dramatically as a result of the changing
evaluation of parenthood but also as improvement in medical technology
made it possible to delay the birth of the first child. The stylized model
presented in this paper is an attempt to understand the relationships between
the various variables and to predict the mix between social security and

funded pensions when birth rates fall to unprecedented low levels.

REFERENCES

Auerbach, A. and L. Kotlikoff, Dynamic Fiscal Policy, Cambridge University
Press, 1987.

Boldrin, M. and A. Rustichini, Political Equilibria with Social Security. Re-
view of Economic Dynamics, 3 (2000), 41-78.

Breyer, F., Voting on Social Security when Labor Supply is Endogenous.
Economics and Politics, 6 (1994a), 119-130.

Breyer, F., The political economy of intergenerational redistribution. Furo-
pean Journal of Political Economy, 10 (1994b), 61-84.

Breyer, F., and K. Stolte, Demographic change, endogenous labour supply
and the political feasibility of pension reform. Journal of Population Eco-
nomics, 14 (2001), 409-424.

Cigno, A., Intergenerational transfers without altruism, Furopean Journal of
Political Economy, 9 (1993), 505-518.

Casamatta, G., H. Cremer and P. Pestieau, Voting on Pensions with En-
dogenous Retirement Age. Paper presented at the CESifo Workshop on
the Pension System, (2001).

Cooley, T. F. and J. Soares, A Positive Theory of Social Security Based on
Reputation. Journal of Political Economy, 107 (1999), 135-160.

Diamond, P.A., National Debt in a Neoclassical Growth Model. American
Economic Review, 40 (1965), 1126-1150.

Galasso, V. and P. Profeta, The political economy of social security: a survey.
European Journal of Political Economy, 18 (2002), 1-29.

29



Kolmar, M., Intergenerational redistribution in a small open economy with
endogenous fertility, Journal of Population Economics, 10 (1997), 335-356.

Lettau, M. K., Compensation in part-time jobs versus full-time jobs: What
if the job is the same?, Economic Letters, 56 (1997), 101-106.

Meijdam, L. and H. Verbon, Aging and political decision making on public
pensions. Journal of Population Economics, 9 (1996), 141-158.

Michel, P. and P. Pestieau, Social Security and Early Retirement in an
Overlapping-generations Growth Model, CORE discussion paper 9951, (1999).

Miles, D., Modelling the impact of demographic change upon the economy,
The Economic Journal, 109 (1999), 1-36.

Nishimura, K. and J. Zhang, Pay-as-you-go public pensions with endogenous
fertility, Journal of Public Economics, 48 (1992), 239-258.

van Praag, B.M.S. and G. Poeth, Human Capital Theory and the Theory of
Population. In V. Halberstadt and A. Culyer (eds.). Public Finance and
Human Resources, Paris (1975).

van Praag, B.M.S. and P. Cardoso, The mix between pay-as-you-go and
funded pensions and what demography has to do with it, mimeo (2002).

Raffelhuschen, B. and A. E. Risa, Reforming social security in a small open
economy, Furopean Journal of Political Economy, 11 (1995), 469-485.

Razin, A., E. Sadka and P. Swagel, The Aging Population and the Size of
the Welfare State. Journal of Political Economy, 110 (2002), 900-918.

Samuelson, P.A., An Exact Consumption-Loan Model of Interest with or
without the Social Contrivance of Money. Journal of Political Economy,
66 (1958), 467-482.

Samuelson, P.A., Optimum Social Security in a Life-Cycle Growth Model.
International Economic Review, 16 (1975), 539-544.

Verbon, H., The role of public choice and expectations. Journal of Population
Economics, 6 (1993), 123-135.

30



CESifo Working Paper Series

(for full list see www.cesifo.de)

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

Marko Ké&thenbiirger and Panu Poutvaara, Social Security Reform and Intergenerational
Trade: Is there Scope for a Pareto-Improvement?, October 2002

Paul De Grauwe and Laura Rinaldi, A Model of the Card Payment System and the
Interchange Fee, October 2002

Volker Bohm and Tomoo Kikuchi, Dynamics of Endogenous Business Cycles and
Exchange Rate Volatility, October 2002

Mariam Camarero, Javier Ordoniez, and Cecilio Tamarit, The Euro-Dollar Exchange
Rate: Is it Fundamental?, October 2002

Misa Tanaka, How Do Bank Capital and Capital Adequacy Regulation Affect the
Monetary Transmission Mechanism?, October 2002

Jorg Baten and Andrea Wagner, Autarchy, Market Disintegration, and Health: The
Mortality and Nutritional Crisis in Nazi Germany, 1933-1937, October 2002

Saku Aura, Uncommitted Couples: Some Efficiency and Policy Implications of Marital
Bargaining, October 2002

Wolfram F. Richter, Delaying Integration of Immigrant Labor for the Purpose of
Taxation, October 2002

Gil S. Epstein and Shmuel Nitzan, The Politics of Randomness, October 2002

John Hassler and José V. Rodriguez Mora, Should UI Benefits Really Fall over Time?,
October 2002

Friedrich Breyer and Stefan Felder, The Dead-anyway Effect Revis(it)ed, October 2002

Assar Lindbeck and Solveig Wikstrom, E-exchange and the Boundary between
Households and Organizations, November 2002

Dieter Bos, Contests Among Bureaucrats, November 2002

Steven Brakman, Harry Garretsen, and Marc Schramm, The Strategic Bombing of
German Cities during World War II and its Impact on City Growth, November 2002

Florian Englmaier and Achim Wambach, Contracts and Inequity Aversion, November
2002

Sarbajit Sengupta, Delegating Recruitment under Asymmetric Information, December
2002


http://www.cesifo.de.)/

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

Rajshri Jayaraman, On the Partial Public Provision of a Private Good, December 2002

Stéphanie Stolz, Banking Supervision in Integrated Financial Markets: Implications for
the EU, December 2002

Christian Keuschnigg, Taxation of a Venture Capitalist with a Portfolio of Firms,
December 2002

Inés Macho-Stadler and David Pérez-Castrillo, Settlement in Tax Evasion Prosecution,
December 2002

Rainer Niemann and Dirk Simons, Costs, Benefits, and Tax-induced Distortions of
Stock Option Plans, December 2002

Jan-Egbert Sturm and Barry Williams, Deregulation, Entry of Foreign Banks and Bank
Efficiency in Australia, December 2002

V. Anton Muscatelli, Patrizio Tirelli, and Carmine Trecroci, Monetary and Fiscal Policy
Interactions over the Cycle: Some Empirical Evidence, December 2002

Claude Hillinger, A General Theory of Price and Quantity Aggregation and Welfare
Measurement, December 2002

Erkki Koskela and Ronnie Schob, Optimal Capital Taxation in Economies with
Unionised and Competitive Labour Markets, December 2002

Sheilagh Ogilvie, Guilds, Efficiency, and Social Capital: Evidence from German Proto-
Industry, December 2002

Hans Gersbach and Verena Liessem, Financing Democracy, December 2002

Costas Hadjiyiannis, Panos Hatzipanayotou, and Michael S. Michael, Optimal Tax
Policies with Private-Public Clean-Up, Cross-Border Pollution and Capital Mobility,
December 2002

Francois Ortalo-Magné and Sven Rady, Homeownership: Low Household Mobility,
Volatile Housing Prices, High Income Dispersion, December 2002

Syed M. Ahsan and Panagiotis Tsigaris, Measuring the Social Discount Rate under
Uncertainty: A Methodology and Application, December 2002

Kai A. Konrad, Altruism and Envy in Contests: An Evolutionarily Stable Symbiosis,
December 2002

Robert S. Chirinko and Huntley Schaller, A Revealed Preference Approach to
Understanding Corporate Governance Problems: Evidence from Canada, December
2002

Geir B. Asheim, Green National Accounting for Welfare and Sustainability: A
Taxonomy of Assumptions and Results, December 2002



828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

Andrea Gebauer, Chang Woon Nam, and Riidiger Parsche, Lessons of the 1999
Abolition of Intra-EU Duty Free Sales for Eastern European EU Candidates, December

2002

Giacomo Corneo, Work and Television, December 2002

Vivek H. Dehejia and Yiagadeesen Samy, Trade and Labour Standards — Theory, New
Empirical Evidence, and Policy Implications, December 2002

Geir B. Asheim and Wolfgang Buchholz, A General Approach to Welfare Measurement
through National Income Accounting, December 2002

Aaron Tornell and Frank Westermann, The Credit Channel in Middle Income
Countries, January 2003

Gebhard Flaig, Time Series Properties of the German Monthly Production Index,
January 2003

Campbell Leith and Jim Malley, Estimated Open Economy New Keynesian Phillips
Curves for the G7, January 2003

Burkhard Heer and Bernd Siissmuth, Inflation and Wealth Distribution, January 2003

Erkki Koskela and Leopold von Thadden, Optimal Factor Taxation under Wage
Bargaining — A Dynamic Perspective, January 2003

Carola Griin and Stephan Klasen, Growth, Income Distribution, and Well-Being:
Comparisons across Space and Time, January 2003

Robert S. Chirinko and Ulf von Kalckreuth, On the German Monetary Transmission
Mechanism: Interest Rate and Credit Channels for Investment Spending, January 2003

Sascha O. Becker, Andrea Ichino, and Giovanni Peri, How Large is the “Brain Drain”
from Italy?”, January 2003

Albert Berry and John Serieux, All About the Giants: Probing the Influences on Growth
and Income Inequality at the End of the 20" Century, January 2003

Robert Fenge and Martin Werding, Ageing and the Tax Implied in Public Pension
Schemes: Simulations for Selected OECD Countries, January 2003

Robert Fenge and Martin Werding, Ageing and Fiscal Imbalances Across Generations:
Concepts of Measurement, January 2003

Giovanni Andrea Cornia, The Impact of Liberalisation and Globalisation on Income
Inequality in Developing and Transitional Economies, January 2003

Peter Fredriksson and Per Johansson, Program Evaluation and Random Program Starts,
January 2003



845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

Bernd Hayo and Matthias Wrede, Fiscal Equalisation: Principles and an Application to
the European Union, January 2003

Syed M. Ahsan and Jaideep Oberoi, Inequality, Well-being and Institutions in Latin
America and the Caribbean, January 2003

Chang Woon Nam and Doina Maria Radulescu, The Role of Tax Depreciation for
Investment Decisions: A Comparison of European Transition Countries, January 2003

V. Bhaskar and Steinar Holden, Wage Differentiation via Subsidised General Training,
January 2003

Paloma Lopez-Garcia, Labour Market Performance and Start-up Costs: OECD
Evidence, January 2003

Christian Keuschnigg and Soren Bo Nielsen, Public Policy for Start-up
Entrepreneurship with Venture Capital and Bank Finance, January 2003

Yin-Wong Cheung, Menzie D. Chinn, and Eiji Fujii, China, Hong Kong, and Taiwan: A
Quantitative Assessment of Real and Financial Integration, January 2003

Gregory D. Hess, The Economic Welfare Cost of Conflict: An Empirical Assessment,
February 2003

Douglas J. Cumming and Jeffrey G. Maclntosh, Comparative Venture Capital
Governance. Private versus Labour Sponsored Venture Capital Funds, February 2003

Eckhard Janeba and John Douglas Wilson, Decentralization and International Tax
Competition, February 2003

Tapio Palokangas, Capital Accumulation and Employment Cycles in a Model of
Creative Destruction, February 2003

Brendan Walsh, When Unemployment Disappears: Ireland in the 1990s, February 2003

Luis H. R. Alvarez and Erkki Koskela, A General Approach to the Stochastic Rotation
Problem with Amenity Valuation, February 2003

Christian Schultz, Strategic Campaigns and Redistributive Politics, February 2003

Ernst Fehr and Joseph Henrich, Is Strong Reciprocity a Maladaptation? On the
Evolutionary Foundations of Human Altruism, February 2003

Haizhou Huang, Dalia Marin, and Chenggang Xu, Financial Crisis, Economic Recovery
and Banking Development in Former Soviet Union Economies, February 2003

Pedro Cardoso and Bernard M.S. van Praag, How Sustainable Are Old-age Pensions in
a Shrinking Population with Endogenous Labour Supply?, February 2003



	Abstract



