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addition of a flexible production function and, consequently, an endogenous interest rate.
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one in situations of low population growth.
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I. Introduction

In most developed countries there are two types of pension systems. The first is run on a Pay-
As-You-Go (PAYG) basis, where old-age pensions are financed by a mandatory pay-roll tax
paid by the workers. The other system, the Capital Reserve (CR) or funded system, is based on
mandatory savings, which are invested in a capital fund; during their retirement the retired live
on their savings and interests. The idea of mandatory old-age insurance for workers was first
introduced on a large scale by Bismarck in Germany at the end of the 19" century. In the first
system workers are supporting the retired. They pay their contributions for others. Under the
funded system in contrast the worker invests in a savings fund with the objective to support
himself when retired. This essential difference between the two systems lies behind the question
in the title of this paper.

As the present workers pay the PAY G-premium for the retired, the ratio between the
number of workers and retired, the so-called dependency ratio, is crucia for setting the
mandatory contribution rate. Looking back at the period 1950-2000, the dependency ratio has
declined from 6:1 to about 3:1 and it may fall still further during the decades ahead, due to
declining birth and mortality rates. For instance, in The Netherlands it will even approach 2:1in
the coming decades (Eurostat [2000]). This puts the political sustainability of the present PAY G
system into jeopardy (see also Casamatta, Cremer and Pestieau [2000]). In most western
countries a reduction of the relative importance of the PAY G system and a shift to the old-age
pension system on a mandatory funded basis is discussed. This implies that workers will save

more for their own old age and pay less to their retired colleagues.



Nowadays the discussion focuses on the so-called ‘transition path’, where PAYG is
gradually and partially replaced by a funded system. This poses some problems, as present
workers would have to pay twice, viz., for the currently retired and for their own old age. It
appears that the transition path is painful but not impossible (see Conesa and Krueger [1999],
Feldstein [1996], and van Praag and van Dalen [1994] for transition issues). For an up-to-date
survey of ageing and social security issues we refer to Creedy [1998], Disney [1998] and
Mulligan and Sala-i-Martin [1999a].

In practice, in some developed countries a mix of PAYG and funded systems is used to
maintain retirement pensions. For the individual contributor and the retired there is no apparent
difference between the two systems. The contributor is only interested in the sum of the two
contributions, that is, how much he pays in total, while the retired is interested in the sum of the
two benefits, that is, how much he gets in total. So, what counts is the level of total
contributions and the composition of both benefits. Accordingly we shall speak of the size of the
system and its rel ative composition, by which we mean the mix between PAY G and funding.

The main problem is to determine what is the optimal system size and the optimal mix
of both systems. Feldstein [1985] was the first to pose this question. He came to the conclusion
that, in some situations, a mix between a funded system and a PAY G system would be optimal,
but in a majority of cases a population would be better off with a 100 % funded system and no
PAYG system at all.

However, Feldstein’s [1985] analysis was a partial one because he started from the
assumption that the interest rate is exogenous. Actualy, in his analysis the production side was
left out. Clearly, as Feldstein himself [1996] argues, the existence of a mandatory PAY G system

is likely to reduce savings into funded assets and, consequently, the interest rate might increase



in the presence of a PAYG system. Evidently, the risk of this will be larger in the case of
voluntary savings, which we neglect in this paper, than in the case of mandatory savings for a
retirement fund, but it is certainly also present in the latter case.

Since Feldstein’s seminal contribution there has been virtually no attention for this basic
problem (see aso Miles [2000] for a more actuaria approach). The idea that the contributions
rate is not an exogenous parameter but an instrument of economic policy with respect to which
optimization is possible, is mostly ignored. The gloomy prediction that the PAY G system at its
present level will be unsustainable in most countries in the near future, has led some to the
conclusion that PAY G systems should be wiped out completely. However, the optimal solution
may not be that drastic. It may be that only a change of the system mix is called for: areduction
of the PAYG system to a lower level, and an increase of the mandatory contribution flows
through a funded system (for an early example, see van Praag and Poeth [1975]).

In this paper we shall return to Feldstein’s original starting point. However, we shall add
a flexible production function. We do thisin more or less the same simple Feldstein-model with
a log-utility function and a Cobb-Douglas production function in a two-period context. We
choose this setting without including uncertainty about the future and without assuming a
heterogeneous population, in order to be able to study the problem in its most ssimple and
essential setting.

Our findings are, as Feldstein’s, that the optimum for the contribution rate 6 and
individual savings S depend on the population growth rate #, technological growth rate g and
time preference rate p. Besides that, the capital elasticity « in the Cobb-Douglas production

function appears to play an important role.



Without much thought it is frequently assumed that, if there is a PAY G-system, it
implies that the workers sustain the old. If, however, the old have acquired a considerable
amount of capital and the young have no capital (yet), it is not obvious why the money may not
flow inversely, i.e, the old partially support the workers. We will cal this the inverse social
security case. After dl, there is a reciprocal dependency between the generations, as the young
provide their labor and the old furnish their capital. Actualy, this is still normal in farmers
families in the countryside. If we redlize that the difference between paying socia security
contributions and paying taxes is not that large, the phenomenon of the old paying for the young
is not that strange anymore. When we think of the costs of education, the infrastructure, socia
housing and many other social goods, it is not impossible that the old pay already more than
they get back. This would be tantamount to a subsidization of the young generation by the
elderly.

If we alow for the possibility that § < 0, where the retired partly sustain the working
generation, we see indeed that this arrangement may be the optimal one under several specific
parameter configurations. Actually, there is no reason why such a social contract would be
unfeasible. However, if we require 8 =0, we see that ¢ will reach its lower bound zero for a
large range of cases. This conforms to Feldstein’s results. However, such solutions will be sub-
optimal compared to the unconstrained solution (i.e., 6 < 0).

The general conclusion of our study isthat a mix of both systems should be preferred to
afully funded system. Furthermore, we find that most of the times the optimal situation isamix
of funding and inverse social security (6 < 0). Trandated in terms of social policy, this ssmple
model suggests that a downward shift of 6, even to negative values, may become conceivablein

the light of the present dramatic changes in demography.



I1. The Model

Population

We assume a population of homogeneous individuas, who live for two periods. In the first
period they are employed, and in the second period they are retired.

Each worker embodies 4, effective labor units. We assume that productivity grows at the
rate g per period, i.e, 4 ;+; = (1 + g) A . Thelabor force grows at the rate n per generation, so
Ly = (1+n)L,,where L, represents the number of workers in the economy in period t. This
implies that the effective labor force, measured in effective labor units, grows at the rate

1+ g)x(Q+n) per period. We will denote the growth rate in effective labor units by v,

where(l+g)x(1+n) =1+v.

Pay-As-You-Go System

Workers are assumed to earn a wage rate of w, per effective labor unit per period. There is an
old-age pension system run on a Pay-As-You-Go basis. Workers pay a pay-roll tax of € over
their wages, i.e., they contribute 6w, to the fund. The sum of contributions to the fund is
6w, A4,L,, which is paid out as pensions to the previous cohort numbering 4,.;L.;. Hence, the
benefit at time ¢ per effective labor unit, is 6w,(1+ V), the benefit per person is 6w, (1+Vv)4,_; .

The remaining labor income is allocated to consumption in the first period and to savings.

Workers save an amount S, per effective labor unit. This provides a return that is equal to the



interest rate 7 in period t. In the second period of life individuals consume out of their savings

from the first period and the pension from the PAY G socia security system.
Capital Stock

The capital stock is built up from savings of both the working and the retired generation. We
assume that, within each period, savings evolve in a linear way. Starting workers do not have
savings. When working, individuals gradually put aside some of their labor income, to build a
personal pension reserve. Just before retirement these savings peak. During retirement
individuals gradually consume their savings and individua savings shrink in a linear way to
zero at the time of death. So, the capital stock of the economy is a mix of the savings from the
young and working generation and of those from the old and retired generation. The share of
each generation in the capital stock of the economy depends on the growth rate of the effective
labor units (v).

The aggregate capital stock of the economy evolves according to:

1 1 1

Kr = ArLr ESr + Ar—lLr—l ESr—l

1 1 2
K, = EAsz(St + 1+v Si-1)

where K; is the aggregate capital stock in period t and S; is the amount saved per effective labor
unit in period t.

The capital stock per active effective labor unit is:



1 3)

Production

Production Y; is linearly homogeneous in capital K;and effective labor units 4,L; Production per

effective labor unitis f(«,), where «, = AK]i stands for capital per active effective labor unit.
-t

When applying Euler’ s theorem on homogeneous functions, we have:
ViE LK) L K @
Assuming profit maximization and perfect competition, the interest and wage rates will equal:

1= fe(K,) (53)

Wy :f(Kt) 1K, :f(Kt)_fKKt (Sb)



Utility

We assume alifetime utility function:

Us[C 5] (6)

UlC1,CLl=UqlC]+ 1+ p

where C;, (i = 1,2), isthe consumption level in period i and p isthe time preference rate.

The profile of consumption for anindividua is:

Clt :(1_0)WtAt_StAt (79)

Co1™ 9Wz+1(1+V)A, +S, A, (L+1/2(r; +1741)) (7b)

where C,, is the consumption per individua of age i during period ¢ and where Y2(r, +r ;)

stands for the interest on savings, which is consumed during retirement. For simplicity, we

exclude compound interest.

Thus, the lifetime utility of an individual can be written as:

U, [6W1+1(1+V)Ar+StAz((l+ %(Vt +741))] (8)

U[CvaZ]=U1[(1_9)WtAt_StAt]+ 1+ p




II1. Stationary optimum

In this paper we are looking for a stationary optimum. In the steady state all variables per active

effective labor unit («,y,8,w,r,S) will be constant. The aggregate variables (Y3, K;) will
increase due to increases in productivity (at the rate g) and in the labor force (at the rate »).

In the steady state we have S, =S,; =S and thus the capital stock per active effective

|abor unit becomes:

1 1 1 9)
Kt:KH_l:/(:EQS't +mS[_lH:_MB'

O 20+v >
We can now write lifetime individua utility in steady-state as:

Uylow(@+v)d+S4(1+r)] (10)

U = Uq[(1- 8)wd - 84] + T,

We want to optimize lifetime utility with respect to savings (S) and with respect to the social

security pay-roll contribution rate (¢). The first-order conditions yield:

v _g
oS

Seag WHVIAT AL+ r)+54 0 20 =0

e %(ﬁv oK dr Ok 0_ (11)
oK 0S k 85

U’l(.)x§1 9)—A AE



U _

—=0
00
U;I.() X[— WA]+ %X[(l+ v)wA]:O (12)
After simplifying and rearranging equation (12) we get
Ui _ 1+ (13)
U, () 1+ p
Optimal savings
When substituting (13) into equation (11) we get:
14
(1+v)a—wa—K—v+r+Sﬁa—K:O 14
0k 0S 0k 0S

This equation is most intriguing. Optimal capital depends only on the growth rate of the
number of effective labor units (v) and on the nature of the production function. Surprisingly,
the specification of the utility function (except separability over time) and the time preference p
are irrelevant for the size of the optimal capital stock. We observe that this does not hold if 6 is
fixed beforehand as an exogenous variable. In the latter case equation (12) will not hold and
consequently neither will equation (13). But we will turn to this case later.

The real movement of the economy is determined by equation (14), where the only

restriction on the utility function is separability.
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It follows that we may distinguish a rea/ side in the economy, i.e., production and
distribution in consumption and investment, and a distribution side, which determines the
division between the workers and the retired.

Next we assume a Cobb-Douglas production function. The product per effective labor
unitisthen: y = f(k) =%, where 0<a <1.

Theinterest and wage rate in steady-state equal:

r :I"(K) :a_y:aKa_l (15)
oK
w=w(Kk) =y —r(k)xKk = kT —axxTxk = (1-a)x g (16)

Using equations (9), (14), (15) and (16) we get the optimal capital stock per effective

|abor unit:

1 (17)

Equation (17) gives the value of capital stock per effective labor unit in steady-state

120 o0.0fus 0, this

equilibrium. We see that this yields a real solution if and only if %+

inequality is aways satisfied. This is a relevant remark because there are signs that the
population growth rate (») will become negative in many countries. As v is about (n + g), it

may be that the sum remains positive due to a positive g.
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From equations (9) and (17) we derive optimal savings per effective labor unit:

1 (18)
G- 2v+D [ L. 1-a0-a

D
v+2gjv 2 'H

Size of Social Security

Now we are in a position to look at the optimal social security level 6. From eguation (13) we
have:

U,[(1-86)wd - 54 ) 1+ 0w (29

U ,[0w (1+v)d + 84 (1+ r)] 1+ p

Under the assumption of log-utility, the left-hand-side in equation (19) equals just C, /
C,. It follows from equation (19) that the net consumption ratio of the two periods does not
depend on a but only on v and p. That is just on demography, productivity growth and time
preference. Thisresult actually holds for any production function.

In order to get a solution, we have to assume a functional specification of the utility
function. As usual in the literature, we will assume a logarithmic utility function. Then we are
ableto solve for the optimal 6.

Departing from equation (19), and using the capital equation (17) and the savings
eguation (18), we get the optimal pay-roll contributions rate:

1 2a(2+v) (20)

g= _ 1-a
T 2+p (1-a)2+Vv)(2+p)

2

X 2+p+v)(1+ )+1+p§
%
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We see that always 8 <1/2. It is less clear that 0 is always larger than zero. Indeed it
may be that 8 <0, which implies that there is a social security transfer from the retired to the
workers. In modern industrial states this looks rather unusual. In rural societies income transfers
from theretired to their offspring are not unusual.

As we stated earlier, we found that the formula for the optimal contributions rate allows
for @ being negative. We call this the inverse social security case. Although to our knowledge
this has nowhere been realized in aformal setting, from our results it will become clear that it is

sometimes worthwhile to consider this arrangement.

IV. Sensitivity Analysis

Next we study the impact of changes in the parameters of our model on the equilibrium values

of the capital stock and pay-roll tax.

1) The effect of changes in the capital productivity a on the capital per effective labor unit

Kis
1
1 1-a (l-a O 1 1-a oo (21)
§7+ )X a 0 L0g§f+ )XO’D
ak _Hv 2 H (p2*tv@-2a) | vooo2 HD
Jda l-a O2+v(l-a))a l1-a O

Depending on the values of v and «, the impact of changes in the capital productivity

will be either positive or negative.
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i) The effect of changes in the productivity and population growth v (i.e., g + n) on the

capital per effective labor unit « is:

o (22)

Equation (22) shows that a higher technological progress and/or population growth (v)

will lower the value of the capital stock.

iii) The effect of changes in capita productivity « on the pay-roll contributions rate 0 is

given by:
96 _ _(2(2+p)+ (3+(a -2)a)2+ p)v + (a -1)%v?) (23)
oa (@ -1)?(2+ p)2+v)v

This derivative is negative everywhere. As capital productivity o increases, social
security loses its relative advantages. The higher the capital productivity, the less important

social security will become.
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iv) The effect of changesin productivity + population growth v on the pay-roll contributions

rate 0 is given by:

06 _ a(=4((v +1)* +1) + p(-4(v +1) + (@ - 3v?)) (24)
ov (@ -2+ pw?(2+v)?

This derivative will be always positive when the growth in the number of effective labor
units is different from zero. So, an increase in the effective population growth leads to an

increasein the level of the optimal tax rate.

V) The effect of changes in the time-preference rate p on the pay-roll contributions rate 6 is

given by:

06 _ -2+v(a -1) (25

0p  (2+ p)2x(2+v)

This effect is negative; an increase in the time preference rate implies a decrease in the
optimal pay-roll contributions rate, when the growth rate of the number of effective labor units

IS positive.
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V. Simulations

In order to get some idea of how the model works, severa numerical simulations were
performed in different scenarios for different values of the parameters.

As possible values for the capital intensity, we consider the cases where o equals 15, 25,
35 and 45 %. The first two values may be considered as redlistic. The last two are high but may
become realistic as production would become more capita intensive in the future. From the
model it follows that the population growth rate » and the technological progress rate g are
exchangeable, for it is only their sum (v) which counts. For the annual growth rate of the
number of effective labor units we take the values of 1, 2, 3 and 4 %. Note that this may cover
situations of negative population growth (»), countered by strong productivity growth (g). Asto
the time-preference (p) we think that annual rate values of 0, 2.5, 5 and 7.5% are appropriate.

Actually, our mode is highly stylized, as we deal with two periods only. In order to get
atouch of realism each period is assumed to stand for 35 years. This implies a working period
of 35 years and an equally long period of retirement thereafter. Departing from those annual
rates, we have computed cumulative values for 35 years. Similar to Feldstein [1985], we may
distinguish between annual and corresponding period values for v and p. All combinations

together, we considered 64 different parameter settings.
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Tablel: Vaues of parameters considered

o v P
annual in %, period inunits  annual in %, period in units
per year A5 25 3 45 10 20 30 40 O 25 5. 7.5
per period A5 25 35 45 042 10 181 29 O 137 452 116

We now have to distinguish between production variables which depend on a and v
only, and distribution variables which depend on the utility function as well, that is, in this case
the time preference p.

This section shows that, in these economies there is a substantial number of cases in
which the optimal tax rate (¢) is negative, i.e., the lifetime utility level of an individua is
maximized when there is atransfer from the old to the young generation. This means that young
individuals should receive subsidies from the elderly. This is the case of an inverse social
security system.

As many politicians and others may find such a situation unrealistic yet, and will rather
stick to the constraint 8 > 0, in those cases where we get a negative ¢, we solve the optimization
problem under this additional non-negativity constraint as well. The latter cases where we add
the non-negativity constraints will be labeled by aletter “I”.

Let us now consider one configuration in more detail. Table Il shows the results for the
configuration. It is configuration number 4 on the Tables 111 and 1V in the appendix. Thisis the

scenario that gives the highest lifetime utility.
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Tablell.ac An example of aconfiguration

1 2 3 4 5 6 7 8 9 10 11 12 13
Case . a V% P% 1] Cap Cl Size ST co/cy (0344 U Ul
4 0.15 1 75 -48.3% 0.361 0.094 0.858 0.702 0.113 0.482 -0.625 -0.837

Table I1.b: Outcome of a configuration

14 15 16 17 18 19 20 21 22
Interest  Interest! SY Syl SGW SGWI SNW SNWI 0/ SGW
0.9% 2.2% 0.494 0.158 0.428 0.092 0.092 0.19 -0.832

The configuration is completely described by columns 2, 3 and 4. This is a case where
we find a negative contribution rate to the PAY G system equal to -0.483. In this case the old
subsidize the young, giving them amost half of their wages. The resulting capital stock and
production per labor unit are 0.361 (column 6) and 0.858 (8), respectively. The consumption of
the old is 11.3% of that of the young (10) and the (real) interest rate is 36% per period, which
corresponds to about 0.9 % per year. The corresponding utility level (12) over lifetimeis-0.625.

If we exclude the possibility of a transfer from the old to the young, we fix 6 at zero.
Then we get the “1” version. Capital per labor unit (column 7) is much lower than before (6).
This is so because is harder to save since they do not obtain any subsidies from the elderly. At
2.2 %, the (real) annual interest rate (15) is much higher than in the unconstrained case (14), it
is more than twice as much. Not surprisingly, here the consumption of the old (11) is relatively

higher at 48% of that of the young. Utility (13) islower than in the unconstrained case at -0.837.
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We compl ete the tables with afew other outcomes. First we look at the savings rate (SY)
(column 16) as a fraction of the production per effective labor unit y. We see that it equals
49.4%. In the constrained case (17) the corresponding figure is only 15.8 %. This pattern, which
is fairly general, is caused by the fact that, in the case of inverse socia security, the elderly
subsidize the young, which gives the young more income to save from. Savings as a fraction
(SGW) of the gross wages w of the young (18) equals 42.8 %, but as a fraction (SNW) of the net
wages (1-0)w it equals a mere 9.2 % . This difference is due to the large contribution from the
old to the young. Remain that in this configuration the value of 6 equals minus 48.3 %. Finaly,
we look at the ratio between social security contribution and savings (22), that is the ratio 6 /
SGW. In the unconstrained case this ratio equals -0.832. Thisimplies that parents pay more than
80 % of their children’s savings. We notice that, in the case 0 is equal to zero, SNW = SGIW and
hence 0 / SGW isequa to zero.

Next we consider and compare the outcomes for al 64 configurations. The results have

been tabulated in Tables 11 and 1V in the Appendix.

Social Security Contributions

As we observe from the general formula for € (equation (20)), the optimal tax rate is always
smaller than 50%. In most of the simulations considered the optimal € turns out to be negative,
when left free. The highest and positive values for the pay-roll tax are found in economies that
combine a low capital intensity with a high growth rate of the effective labor population and a
small time preference over present consumption. This was certainly the case in most western
countries after World War 1l. When we consider the inverse possibility of social security

benefits flowing from the elder to the young, these transfers are more significant when the
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capital intensity is high, the increase in the effective labor population is low and the time
preference is high. Indeed, the trend in the world has been towards more capital-intensive
production and a slowing-down of population growth. Although institutions are sticky, we
observe a trend towards a reduction of social security arrangements which ultimately would
tendto @ = 0. Thismodel predicts that an extrapolation of this trend to inverse socia security is
not inconceivable. The optimal contribution rate & decreases (in rea terms) with an increasing
capital share (@), with an increasing time preference factor (p), and increases with the growth
rate of the number of effective labor units (v). All of these results are intuitively plausible. First,
as o becomes larger, this implies that the labor share (1-a) becomes smaller, and so does the
basis to collect pay-roll taxes. The interest rate increases with a, so private saving becomes
more attractive. Put differently, a higher o implies that investment in capital becomes more
productive. Second, as people discount the future heavier (higher p), the value of future benefits
issmaller in present value, so the optimal benefit will be smaller aswell. Third, the rate v can be
seen as the return of a PAYG system in an economy in steady state, because it implies an
increase in the tax base of the PAYG system. If v fals, positive social security loses its
attractions.

In nearly all countries there are only transfers from the young to the elderly (6>0).
Hence, it would be rather unrealistic if we would not consider that situation as well. What
happens if we include the constraint that the social security payroll should be non-negative?
When the optima pay-roll tax () becomes negative, we set it equal to zero and we solve the
optimization problem again. The solution for optimal capital stock is computed, assuming alog-
utility. All other variables are computed for these new vaues as well. As expected, we get a

lower lifetime utility than in the unconstrained case.
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Savings / Capital Stock

When regarding optimal savings and capital stock, we observe that, when the contribution to the
PAY G system is constrained to be non-negative, the optimal capital stock is smaller than in the
unconstrained case. In some scenarios the capital stock in the constrained case is just one third
or one quarter of the original value. One possible reason is that young individuals save less
because they do not get financial support from the old generation. The interest rate tends to be
much higher in the situation where the constraint is active than when we alow for inverse socia
security. According to our model, the highest values of capital stocks and savings are found in
economies where we allow for net transfers from the elderly to the young (6 < 0), where the
capital intensity («) is high and where the growth rate of the effective labor population (v) is
small.

An increase in the number of effective labor units leads to a decrease of optimal savings,

as the unfunded pension system turns relatively more attractive.

Consumption of the Old versus Consumption of the Young people Ratio

When there is no social security, this ratio is mostly larger than 100%, and even larger than
200%, when the capital intensity and the growth rate of the effective labor population are large.
This situation, where the retired consume more than the workers, is now becoming a reality in
many rich welfare states, at least when taking into account that young families are larger than

the families of the retired. Obvioudly, the situation does not hold for al social segments, but itis

21



certainly a situation which is looming for the well-integrated social classes. The lowest values
are reached when the capital intensity is low and the time preference rate is high. When we
introduce social security and allow for transfers from the old to the young this ratio decreases
significantly, in most cases to values below 100%. This is an expected outcome as the young

receive subsidies from the elderly, so they can consume more than without such subsidies.

Social Security contribution over Savings rate ratio.

The ratio (6 / SGW) is almost always smaller than 100% in absolute terms. The funded pillar of
the optimal social security is larger than the pay-as-you-go pillar. We conclude that in most of
the types of economies that we considered the CR system or fully-funded pillar of the optimal
social security should be larger than the PAYG system or unfunded pillar. It seems that
individuals, when transferring income between periods, prefer to use relatively rather a CR
system than a PAYG system. We observe that, as an economy turns relatively more capital

intensive, a shift towards a funded system becomes more attractive.

VI. Discussion and conclusions

In this paper we presented a smple model of social security. This model is a generalization of
Feldstein [1985]. The generdization is in two directions. First, we introduce a production
function and hence wages and interest become endogenous. Second, we open the possibility that
generational transfers go both ways. In other words, we do not only conceive a system where

the workers pay for the old, but we also open the possibility that the retired are so rich that they
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can support the young. We call this the case of inverse sociad security. Our numerical
simulations show that there are indeed a number of parameter configurations for which an
inverse system would be the optimal system. The case where social security is just zero (the
border case) is hardly ever the optimal choice, when the possibility of an inverse system is open.
It is observed that the desirability of lowering the social security premium @ increases when the
growth rate v fals. This growth rate is a sum of pure population growth () and labor -
augmenting technological growth (g). It is evident that the population’s natural growth rate
(immigration excluded) is faling and will become negative, not only in most Western countries
but also in other areas like Eastern Europe. As far as this tendency is not sufficiently countered
by technological growth, this will ultimately lead to a reduction of traditional retirement
benefits and finally to inverse social security. Using a combination of the tax system and the
provision of public goods may veil the latter development. In such cases we get double-
counting. Retirement benefit flows are maintained, but the retired pay more taxes than they get
back in public provisions, the balance going to the working generation. Apart from the excess
burden of rather huge and unnecessary administration costs such an arrangement would involve,
it is an elegant way out for avoiding the unpleasant decision of trimming the old-age benefit
system.

For countries where we face low or even negative labor population growth rates and
where no good social security system exists yet, like in Russia, it may even be argued that the
construction of a new socia security system on a Pay-As-Y ou-Go basis Western style may be
undesirable, because it is out of step with the basic parameters of that society.

In this model we do not pay attention to the possibility of a conflict between the young

and the retired. This is not so well conceivable in a stationary situation, because the young
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generation becomes retired in the period ahead and will look at the problem from a lifetime
perspective.

Although the present model is still extremely crude and, hence, not an adequate
description of the rea world, it already suggests that the value of the optimal social security rate
@ critically depends on other system parameters. Here they are admittedly coarsely summarized
by one parameter v for labor productivity growth and another parameter a for technology.
Moreover, we use one parameter p to characterize the preference ordering of society. There is
no doubt that such parameters change over time. Therefore, it is impossible to keep the socid
security system constant over time without incurring welfare losses. The model also suggests
that the present situation in many countries may be far from optimal.

In future papers we shall make an attempt to generalize this model to an n-period model

with a heterogeneous popul ation.
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Tablelll.ac Numerical results for various parameters values

1 2 3 3a 4 4a 5 6 7 8 9 10 11 12 13
CN a Annualv Periodv Annual p Period p 0 K KI y \A | Con Ratio Con Ratio LT Utility LT Utility
Old v Old v I
Young Young I
1 0.15 0.01 0.42 0 0 -0.07 0.36 0.31 0.86 0.84 142 1.49 -1.72 -1.72
2 0.15 0.01 0.42 0.025 1.37 -0.27 0.36 0.19 0.86 0.78 0.60 0.83 -1.20 -1.25
3 0.15 0.01 0.42 0.05 452 -041 0.36 0.12 0.86 0.73 0.26 0.57 -0.85 -0.98
4 0.15 0.01 0.42 0.075 1157 -0.48 0.36 0.09 0.86 0.70 0.11 0.48 -0.62 -0.84
5 0.15 0.02 1 0 0 0.19 0.16 0.16 0.76 0.76 2.00 2.00 -1.67 -1.67
6 0.15 0.02 1 0.025 1.37 0.00 0.16 0.16 0.76 0.76 0.84 0.85 -1.26 -1.26
7 0.15 0.02 1 0.05 452 -0.14 0.16 0.10 0.76 0.71 0.36 0.60 -0.95 -0.99
8 0.15 0.02 1 0.075 1157 -0.22 0.16 0.08 0.76 0.69 0.16 0.51 -0.75 -0.86
9 0.15 0.03 181 0 0 0.28 0.10 0.10 0.71 0.71 281 2.81 -150 -1.50
10 0.15 0.03 181 0.025 1.37 0.09 0.10 0.10 0.71 0.71 119 1.19 -1.25 -1.25
11 0.15 0.03 181 0.05 452 -0.04 0.10 0.09 0.71 0.70 0.51 0.63 -1.00 -1.00
12 0.15 0.03 181 0.075 11.57 -0.11 0.10 0.07 0.71 0.67 0.22 0.54 -0.82 -0.87
13 0.15 0.04 2.95 0 0 0.33 0.08 0.08 0.68 0.68 3.95 3.95 -1.29 -1.29
14 0.15 0.04 2.95 0.025 1.37 0.14 0.08 0.08 0.68 0.68 167 1.67 -1.19 -1.19
15 0.15 0.04 2.95 0.05 452 0.01 0.08 0.08 0.68 0.68 0.72 0.72 -1.01 -1.01
16 0.15 0.04 2.95 0.075 1157 -0.06 0.08 0.06 0.68 0.66 0.31 0.57 -0.86 -0.88
17 0.25 0.01 0.42 0 0 -0.56 0.61 0.25 0.88 0.71 142 214 -1.95 -2.13
18 0.25 0.01 0.42 0.025 1.37 -0.75 0.61 0.17 0.88 0.64 0.60 1.35 -1.37 -1.67
19 0.25 0.01 0.42 0.05 452 -0.89 0.61 0.12 0.88 0.59 0.26 1.05 -0.98 -1.41
20 0.25 0.01 0.42 0.075 11.57 -0.96 0.61 0.10 0.88 0.57 011 0.94 -0.75 -1.29
21 0.25 0.02 1 0 0 -0.07 0.24 0.21 0.70 0.68 2.00 221 -2.15 -2.16
22 0.25 0.02 1 0.025 1.37 -0.26 0.24 0.14 0.70 0.61 0.84 142 -1.61 -1.70
23 0.25 0.02 1 0.05 452 -0.39 0.24 0.10 0.70 0.56 0.36 112 -1.24 -1.45
24 0.25 0.02 1 0.075 11.57 -0.46 0.24 0.09 0.70 054 0.16 1.01 -1.02 -1.33
25 0.25 0.03 181 0 0 0.10 0.14 0.14 0.61 0.61 281 2.81 -2.16 -2.16
26 0.25 0.03 181 0.025 1.37 -0.08 0.14 0.12 0.61 0.59 119 148 -171 -1.72
27 0.25 0.03 181 0.05 452 -0.20 0.14 0.09 0.61 054 051 1.18 -1.38 -1.48
28 0.25 0.03 181 0.075 11.57 -0.27 0.14 0.07 0.61 0.52 0.22 1.07 -1.17 -1.36
29 0.25 0.04 2.95 0 0 0.19 0.10 0.10 0.56 0.56 3.95 3.95 -2.06 -2.06
30 0.25 0.04 2.95 0.025 1.37 0.02 0.10 0.10 0.56 0.56 167 1.67 -1.74 -1.74
31 0.25 0.04 2.95 0.05 452 -0.10 0.10 0.08 0.56 053 0.72 1.24 -1.47 -1.50
32 0.25 0.04 2.95 0.075 11.57 -0.17 0.10 0.07 0.56 051 031 1.13 -1.28 -1.39
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Table I11.b: Numerical results for various parameters val ues

1 2 3 3a 4 4a 5 6 7 8 9 10 11 12 13
CN a Annualv Periodv Annual p Period p <] K K1 y \A | Con Ratio Con Rt LT Utility LT Utility
Old v Old v I
Young Youngl

33 0.35 0.01 0.42 0 0 -1.18 0.92 0.19 0.97 0.56 142 3.19 -2.08 -2.76
34 0.35 0.01 0.42 0.025 1.37 -1.37 0.92 0.13 0.97 0.49 0.60 218 -1.46 -2.24
35 0.35 0.01 042 0.05 4.52 -1.51 0.92 0.10 0.97 0.45 0.26 1.79 -1.06 -1.97
36 0.35 0.01 042 0.075 1157 -1.58 0.92 0.09 0.97 0.43 0.11 1.63 -0.82 -1.85
37 0.35 0.02 1 0 0 -0.39 0.31 0.15 0.66 0.52 2.00 3.35 -2.63 -2.83
38 0.35 0.02 1 0.025 1.37 -0.57 0.31 0.11 0.66 0.46 0.84 232 -1.95 -2.30
39 0.35 0.02 1 0.05 452 -0.70 0.31 0.08 0.66 0.42 0.36 1.92 -1.52 -2.04
40 0.35 0.02 1 0.075 11.57 -0.77 0.31 0.07 0.66 0.40 0.16 1.76 -1.27 -1.92
41 0.35 0.03 181 0 0 -0.11 0.16 0.13 0.53 0.49 2.81 3.50 -2.85 -2.88
42 0.35 0.03 181 0.025 1.37 -0.28 0.16 0.09 0.53 0.43 1.19 245 -2.20 -2.35
43 0.35 0.03 181 0.05 452 -0.40 0.16 0.07 0.53 0.40 0.51 2.05 -1.79 -2.09
44 0.35 0.03 181 0.075 1157 -0.47 0.16 0.06 0.53 0.38 0.22 1.88 -1.55 -1.97
45 0.35 0.04 295 0 0 0.03 0.11 0.11 0.46 0.46 3.95 3.95 -2.91 -2.91
46 0.35 0.04 2.95 0.025 1.37 -0.13 0.11 0.08 0.46 0.41 1.67 2.56 -2.35 -2.39
47 0.35 0.04 2.95 0.05 4.52 -0.24 0.11 0.06 0.46 0.38 0.72 2.15 -1.97 -2.13
48 0.35 0.04 295 0.075 1157 -0.30 0.11 0.06 0.46 0.36 0.31 1.99 -1.74 -2.01
49 0.45 0.01 0.42 0 0 -2.01 1.38 0.12 1.16 0.39 142 497 -2.10 -3.71
50 0.45 0.01 0.42 0.025 137 -2.20 138 0.09 116 0.34 0.60 3.55 -1.47 -3.05
51 0.45 0.01 042 0.05 4.52 -2.33 1.38 0.07 1.16 0.31 0.26 2.98 -1.07 -2.73
52 0.45 0.01 0.42 0.075 1157 -2.40 1.38 0.07 1.16 0.29 0.11 274 -0.83 -2.59
53 0.45 0.02 1 0 0 -0.82 0.36 0.10 0.63 0.35 2.00 531 -3.12 -3.84
54 0.45 0.02 1 0.025 1.37 -0.99 0.36 0.07 0.63 0.30 0.84 3.83 -2.30 -3.16
55 0.45 0.02 1 0.05 4.52 -1.11 0.36 0.06 0.63 0.28 0.36 3.23 -1.82 -2.84
56 0.45 0.02 1 0.075 1157 -1.18 0.36 0.05 0.63 0.26 0.16 2.99 -1.54 -2.69
57 0.45 0.03 181 0 0 -0.39 0.17 0.08 0.45 0.32 2.81 5.60 -3.65 -3.94
58 045 0.03 181 0.025 1.37 -0.55 0.17 0.06 0.45 0.28 119 4.07 -2.77 -3.25
59 0.45 0.03 181 0.05 452 -0.66 0.17 0.05 0.45 0.26 0.51 3.46 -2.26 -2.93
60 0.45 0.03 181 0.075 1157 -0.73 0.17 0.04 0.45 0.24 0.22 321 -1.98 -2.78
61 0.45 0.04 295 0 0 -0.17 0.10 0.07 0.35 0.30 3.95 5.86 -3.94 -4.02
62 0.45 0.04 2.95 0.025 1.37 -0.32 0.10 0.05 0.35 0.26 1.67 4.28 -3.08 -3.32
63 0.45 0.04 295 0.05 452 -0.42 0.10 0.04 0.35 0.24 0.72 3.65 -2.58 -2.99
64 0.45 0.04 2.95 0.075 1157 -0.48 0.10 0.04 0.35 0.23 0.31 3.39 -2.29 -2.84
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Table IV.a Further results for various parameters values

1 2 3 3a 4 4a 14 15 16 17 18 19 20 21 22
CN a Annualv Periodv Annualp Periodp Annual Annual SY SYI SGW SGWI SNW SNWI  6/SGW
Interest Interest
Rate Rate I
1 0.15 0.01 0.42 0 0 0.9% 1.0% 0.49 0.44 0.43 0.44 0.54 0.52 -0.12
2 0.15 0.01 0.42 0.025 1.37 0.9% 1.4% 0.49 0.29 0.43 0.29 0.46 0.34 -0.46
3 0.15 0.01 0.42 0.05 452 0.9% 1.8% 0.49 0.20 0.43 0.20 0.41 0.23 -0.70
4 0.15 0.01 0.42 0.075 1157 0.9% 2.2% 0.49 0.16 0.43 0.16 0.39 0.19 -0.83
5 0.15 0.02 1 0 0 1.5% 1.5% 0.28 0.28 0.19 0.28 0.41 041 0.57
6 0.15 0.02 1 0.025 1.37 1.5% 1.5% 0.28 0.28 0.19 0.28 0.33 0.33 -0.01
7 0.15 0.02 1 0.05 452 1.5% 2.0% 0.28 0.20 0.19 0.20 0.29 0.23 -0.42
8 0.15 0.02 1 0.075 11.57 1.5% 2.4% 0.28 0.16 0.19 0.16 0.28 0.18 -0.64
9 0.15 0.03 181 0 0 2.0% 2.0% 0.22 0.22 0.13 0.22 0.35 0.35 111
10 0.15 0.03 181 0.025 1.37 2.0% 2.0% 0.22 0.22 0.13 0.22 0.28 0.28 0.36
11 0.15 0.03 181 0.05 452 2.0% 2.2% 0.22 0.19 0.13 0.19 0.24 0.23 -0.16
12 0.15 0.03 181 0.075 1157 2.0% 2.6% 0.22 0.16 0.13 0.16 0.23 0.18 -0.45
13 0.15 0.04 2.95 0 0 2.4% 2.4% 0.18 0.18 0.10 0.18 0.32 0.32 153
14 0.15 0.04 2.95 0.025 1.37 2.4% 2.4% 0.18 0.18 0.10 0.18 0.25 0.25 0.67
15 0.15 0.04 2.95 0.05 452 2.4% 2.4% 0.18 0.18 0.10 0.18 0.22 0.22 0.06
16 0.15 0.04 2.95 0.075 1157 2.4% 2.7% 0.18 0.15 0.10 0.15 0.20 0.18 -0.27
17 0.25 0.01 0.42 0 0 0.9% 1.5% 0.81 0.42 0.84 0.42 0.69 0.56 -0.52
18 0.25 0.01 0.42 0.025 1.37 0.9% 1.9% 0.81 031 0.84 031 0.62 041 -0.70
19 0.25 0.01 0.42 0.05 452 0.9% 2.3% 0.81 0.24 0.84 0.24 0.57 0.32 -0.82
20 0.25 0.01 0.42 0.075 1157 0.9% 2.5% 0.81 0.21 0.84 0.21 0.55 0.28 -0.89
21 0.25 0.02 1 0 0 1.6% 1.7% 0.46 041 0.30 041 0.57 0.55 -0.11
22 0.25 0.02 1 0.025 1.37 1.6% 2.1% 0.46 0.30 0.30 0.30 0.49 0.40 -0.42
23 0.25 0.02 1 0.05 452 1.6% 2.5% 0.46 0.24 0.30 0.24 0.44 0.32 -0.63
24 0.25 0.02 1 0.075 1157 1.6% 2.7% 0.46 0.21 0.30 0.21 0.42 0.28 -0.75
25 0.25 0.03 181 0 0 2.1% 2.1% 0.34 0.34 0.17 0.34 0.51 051 0.23
26 0.25 0.03 181 0.025 1.37 2.1% 2.3% 0.34 0.30 0.17 0.30 0.42 0.40 -0.17
27 0.25 0.03 181 0.05 452 2.1% 2.7% 0.34 0.24 0.17 0.24 0.38 0.32 -0.44
28 0.25 0.03 181 0.075 11.57 2.1% 2.9% 0.34 0.21 0.17 021 0.36 0.28 -0.60
29 0.25 0.04 2.95 0 0 2.5% 2.5% 0.28 0.28 0.12 0.28 0.47 0.47 0.51
30 0.25 0.04 2.95 0.025 1.37 2.5% 2.5% 0.28 0.28 0.12 0.28 0.39 0.39 0.06
31 0.25 0.04 2.95 0.05 452 2.5% 2.9% 0.28 0.24 0.12 0.24 0.35 0.32 -0.26
32 0.25 0.04 2.95 0.075 11.57 2.5% 3.1% 0.28 0.21 0.12 0.21 0.33 0.28 -0.44
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Table IV.b: Further results for various parameters values

1 2 3 3a 4 4a 14 15 16 17 18 19 20 21 22
CN a Annualv Periodv Annualp Periodp Annual Annual SY SYI SGW SGWI SNW SNWI  6/SGW
Interest Interest
Rate Rate I
33 0.35 0.01 0.42 0 0 0.9% 2.1% 111 0.40 161 0.40 0.78 0.61 -0.69
34 0.35 0.01 0.42 0.025 1.37 0.9% 2.4% 111 0.32 161 0.32 0.72 0.49 -0.80
35 0.35 0.01 0.42 0.05 452 0.9% 2.7% 111 0.27 161 0.27 0.68 041 -0.88
36 0.35 0.01 0.42 0.075 1157 0.9% 2.8% 111 0.25 161 0.25 0.66 0.38 -0.92
37 0.35 0.02 1 0 0 1.6% 2.3% 0.62 0.39 0.42 0.39 0.68 0.61 -0.41
38 0.35 0.02 1 0.025 1.37 1.6% 2.6% 0.62 0.31 0.42 0.31 0.60 0.48 -0.60
39 0.35 0.02 1 0.05 452 1.6% 2.9% 0.62 0.27 0.42 0.27 0.56 041 -0.73
40 0.35 0.02 1 0.075 1157 1.6% 3.1% 0.62 0.25 0.42 0.25 0.54 0.38 -0.81
41 0.35 0.03 181 0 0 2.2% 2.4% 0.45 0.39 0.20 0.39 0.63 0.60 -0.16
42 0.35 0.03 181 0.025 1.37 2.2% 2.8% 0.45 031 0.20 0.31 0.54 0.48 -0.41
43 0.35 0.03 181 0.05 452 2.2% 3.1% 0.45 0.27 0.20 0.27 0.50 041 -0.58
44 0.35 0.03 181 0.075 11.57 2.2% 3.3% 0.45 0.25 0.20 0.25 0.47 0.38 -0.67
45 0.35 0.04 2.95 0 0 2.7% 2.7% 0.37 0.37 0.12 0.37 0.59 0.59 0.06
46 0.35 0.04 2.95 0.025 1.37 2.7% 3.0% 0.37 0.31 0.12 0.31 0.51 0.48 -0.22
47 0.35 0.04 2.95 0.05 4.52 2.7% 3.3% 0.37 0.27 0.12 0.27 0.46 041 -0.42
48 0.35 0.04 2.95 0.075 1157 2.7% 3.5% 0.37 0.25 0.12 0.25 0.44 0.38 -0.53
49 0.45 0.01 0.42 0 0 0.9% 2.6% 1.40 0.37 341 0.37 0.85 0.67 -0.79
50 0.45 0.01 0.42 0.025 1.37 0.9% 2.9% 1.40 031 341 0.31 0.80 0.57 -0.86
51 0.45 0.01 0.42 0.05 452 0.9% 3.1% 1.40 0.28 341 0.28 0.77 051 -0.91
52 0.45 0.01 0.42 0.075 1157 0.9% 3.2% 1.40 0.26 341 0.26 0.75 0.48 -0.94
53 0.45 0.02 1 0 0 1.7% 2.8% 0.77 0.37 0.56 0.37 0.77 0.67 -0.59
54 0.45 0.02 1 0.025 1.37 1.7% 3.1% 0.77 0.31 0.56 0.31 0.70 0.57 -0.71
55 0.45 0.02 1 0.05 452 1.7% 3.3% 0.77 0.28 0.56 0.28 0.66 051 -0.80
56 0.45 0.02 1 0.075 11.57 1.7% 3.5% 0.77 0.26 0.56 0.26 0.64 0.48 -0.85
57 0.45 0.03 181 0 0 2.3% 3.0% 0.55 0.37 0.20 0.37 0.72 0.67 -0.39
58 0.45 0.03 181 0.025 1.37 2.3% 3.3% 0.55 031 0.20 031 0.64 0.56 -0.55
59 0.45 0.03 181 0.05 452 2.3% 3.5% 0.55 0.28 0.20 0.28 0.60 0.50 -0.67
60 0.45 0.03 181 0.075 11.57 2.3% 3.7% 0.55 0.26 0.20 0.26 0.58 0.48 -0.73
61 0.45 0.04 2.95 0 0 2.8% 3.2% 0.44 0.37 0.10 0.37 0.69 0.66 -0.21
62 0.45 0.04 2.95 0.025 1.37 2.8% 3.5% 0.44 0.31 0.10 0.31 0.61 0.56 -0.39
63 0.45 0.04 2.95 0.05 452 2.8% 3.7% 0.44 0.28 0.10 0.28 0.56 0.50 -0.53
64 0.45 0.04 2.95 0.075 1157 2.8% 3.8% 0.44 0.26 0.10 0.26 0.54 0.47 -0.60
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