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1 Introduction

For a rational agent, saving is the result of a trade-off between consumption today and consump-

tion tomorrow. The life-cycle model by Ando and Modigliani (1963) assumes that individuals ra-

tionally plan their consumption and saving needs in a way that maximizes their expected lifetime

utility. This suggests that individuals try to smooth consumption over time, implying accumulation

of financial assets while working and dissaving while retired. However, many people experience

a significant fall in consumption when retired (see Bernheim, Skinner and Weinberg (2001), Ak-

erlof (2002) and Hamermesh (1984) among many others). Figure 1 illustrates the consumption

path predicted by the life-cycle model and the consumption profile that is mainly observed. If this

drop in consumption after entering retirement age reflects rational optimization, then the observed

consumption profile just reflects true preferences. If, however, individuals are myopic, prone to

regret their earlier saving behavior or dynamically inconsistent, this ‘inadequate’ level of savings

is an important empirical question.

time

consumption

what we observe

life-cycle model

working phase retirement age

Figure 1:Consumption over the life-cycle.

Bernheim et al. (2001) state that their “findings are difficult to interpret in the context of

the life-cycle model” and that “the empirical patterns in this paper are more easily explained if

one steps outside the framework of rational, farsighted optimization.” (p.855). A survey of 10,000

employees conducted by Choi, Laibson, Madrian and Metrick (2006) confirms that individuals are

far away from being rational farsighted life-cyclers. The authors discover that 68% of employees

find their retirement savings rate ‘too low’ relative to their ideal. More than one third intended

to increase savings over the next few months. However, only 14% of them did so in the four
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months after the survey. Behavioral Economists explain thepoor savings for retirement in terms

of bounded self-controlor lack of willpower(e.g. Thaler and Shefrin (1981)).

For modeling bounded self-control or lack of willpower to adequately prepare for retirement,

the theoretical literature has developed two tools. One is the hyperbolic discounting function

which can be traced back to Strotz (1956) and Pollak (1968). Ahyperbolic discounter uses a high

short-term and a lower long-term discount rate. Since such an agent overvalues the present and

undervalues the future, he faces a self-control problem when it comes to retirement savings. The

agent overconsumes today and undersaves for the future (seeLaibson (1997), Laibson (1998),

Diamond and Koszegi (2003) and Schwarz and Sheshinski (2007)). Another tool, which is em-

ployed in this paper, is to assume that individuals (partly)ignore future utility when deciding how

much to save rather than compute a plan that spans their entire life-cycle utility. In those models,

individuals regret their earlier saving decisions and are called myopic (see Feldstein (1985), Cre-

mer, De Donder, Maldonado and Pestieau (2007), Cremer, De Donder, Maldonado and Pestieau

(2008)).

The lack to ‘adequately’ save for retirement is cited by manyauthors as the main justification

for the pension scheme (e.g. Diamond (1977), Kotlikoff, Spivak and Summers (1982) and Agul-

nik (2000)). Feldstein (1985) was among the first who studiedtheoretically how the presence of

myopic agents affects the optimal level of the pension system (see Feldstein and Leibman (2002)).

As the optimal level requires balancing the protection of the myopic agents against the cost of dis-

torting resource allocation by the rational agents, he findsthat old-age benefits are always positive

but may be quite low unless a large fraction of society is completely myopic.

In recent years a vibrant literature has developed which reexamines Feldstein’s canonical

analysis. Docquier (2002) shows that the optimal pension contribution rate derived by Feldstein

(1985) is Pareto-dominated if the social welfare function not only maximizes the sum of all agents

currently alive, but also of all those yet to be born. Imrohoroglu, Imrohoroglu and Joines (2003)

study how a society composed of hyperbolic discounters fares in a pay-as-you-go social security

program. Their model also accounts for liquidity constraints, unemployment risk and uncertain

mortality and income. As they embed social security in a general-equilibrium setting, it does not

only provide old-age consumption for the shortsighted individuals, but also distorts labor supply

and affects the interest and wage rate. The authors concludethat shortsightedness of individuals

must be severe to give scope for social security as a means forimproving welfare. Cremer et al.

(2007) analyze how the pension parameters of a linear pension scheme should be optimally de-

signed for a society, in which agents differ not only with respect to their rationality but also with

respect to productivity. In their framework, the task of retirement benefits is not only to ensure

old-age consumption for the myopic agents but also to redistribute from high- to low-income in-

dividuals. Their main findings are that the pension system becomes less Beveridgean as the share

of rational agents increases. However, if some rational agents are also liquidity constrained this

connection is reversed and even targeting towards the poor can be optimal, implying a negative
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correlation between past contributions and pension benefits.

So far the economic literature has solely focused on how the pension scheme should be op-

timally designed in a society that consists not only of life-cyclers but also of myopic agents.

However, as can be seen in Figure 1, those two types of agents not only differ in their old-age

consumption levels, but also in their consumption while young. Hence, from a welfare perspective

it may not only be optimal to have a pension scheme to reduce the variance in consumption while

old but also to implement a tax scheme to decrease the gap in consumption while young. Building

on the study by Cremer et al. (2007) this paper models the optimal pension parameters in a frame-

work which consists of two redistributive transfer schemes, namely a linear pension scheme and a

linear tax system that redistributes among agents during working-age.

The goal of this paper is to answer the following questions. How do the two transfer systems

interact and how should they be optimally designed from a paternalistic point of view aiming

at maximizing life-cycle utility? How strong is the redistributive concern in each system? Do

results change if capital markets are imperfect, implying that individuals cannot borrow against

their retirement benefits? And, does society need both a pension and a tax system at all?

To forestall the first result of this paper; with no myopic agents in society the tax and pension

scheme are perfectly substitutable. This implies that the government can rely on only one of the

two transfer systems to maximize social welfare. But, this result is derived for a society that

is solely composed of rational agents who perfectly smooth consumption over their life-cycle.

This framework does not incorporate the already mentioned key motivation for a pension scheme,

namely to provide old-age benefits for those who have missed to save enough for retirement. As

Diamond (2004) states in his Presidential Address “it is inadequate and potentially misleading to

study the effects of Social Security in models in which thereis no particular reason for Social

Security to exist in the first place...[]...the model of homoeconomicus, while very useful, is not a

fully adequate basis for the design of all policies...” (p.4). By analyzing a mixed society composed

of rational and myopic agents this paper shows that there is reason for both transfer schemes to

exist; the pension scheme to ensure old-age consumption forthe myopic agents and the tax scheme

to redistribute among high- and low-income agents.

The rest of the paper proceeds as follows. The next section sets up the Model and derives re-

sults analytically. Section 3 gives numerical examples andcompares results to those derived in the

framework modeled by Cremer et al. (2007) where the government has only pension parameters

at hand. A final section concludes, and an Appendix contains most of the proofs.
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2 The Model

A mass of agents with unit measure lives for two periods. Individuals are heterogenous with

respect to their exogenous abilitywn (w2 > w1) and with respect to their preferences for the present

governed byβi . This gives rise toni-agents, whereθni denotes the fraction of type-ni in society.

θ1 andθ2 determine the share of low and high productivity types, whereasπn
M andπn

R define the

share of myopic and rational agents among each productivitytype.1 Hence, the proportion of the

four types in the population amounts to

θ1M = θ1π1
M, θ2M = θ2π2

M, θ1R = θ1π1
R, θ2R = θ2π2

R.

If π1
M > π2

M, the share of myopic agents among the low productivity individuals is higher implying

a positive correlation between rationality and productivity. The time preference parameter is a

binary variable which is one for rational individuals,βR= 1, and zero for myopic individuals,βM =

0. Ex post both agents, rational and myopic, have the same intertemporal preferences but only the

rational individuals make their decisions in line with these preferences. Myopic individuals do not

save for retirement, since ex ante they have a strong preference for the present and consume all

their income. They make their consumption decisions according to a discount factor that does not

represent their true preferences and when being retired they rue their earlier decisions. It is worth

emphasizing that myopic behavior is different from the behavior of rational individuals with high

discount rates for future utility. For individuals who havehigh discount rates it is rational to save

little for retirement and enjoy high consumption rates today. For them, utility cannot be increased

when they are subject to forced savings. In contrast, forcing myopic individuals to save increases

their utility.

2.1 The Transfer Systems

The government’s objective is twofold. On the one hand, it wants to redistribute income from

high to low-productivity households. On the other hand, it aims to provide resources to myopic

individuals who have missed to save for retirement. The government does not observewn, labor

supplylni, savingssni and time preferences. However, it knows the joint distribution of productivity

and rationality and it observes labor incomewnlni. Hence, it must rely on distortionary taxes

instead of individualized lump-sum transfers. Both the income tax and the pension schedule are

assumed to be linear. Net transfers in the tax system amount to

T(wnlni) = τ− twnlni,

wheret is the marginal tax rate andτ is a uniform lump-sum transfer. ForT(wnlni)≤ 0 individual-

ni is a net payer, whereas forT(wnlni) > 0 individual-ni is a net receiver in the tax system. Individ-

1Due to the unit measureθ1 = 1−θ2 andπn
R = 1−πn

M for n = 1,2.
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uals must also contribute a shareb of their pre-tax labor income to the pension scheme. Pension

benefits during retirement depend on prior contributions,bwnlni, through the formula

P(wnlni) = αbwnlni +B,

whereα is the so-called Bismarckian factor. Forα = 1, the pension system is purely Bimarckian

and each individual’s total contribution is equal to his total pension benefits. Forα = 0, the pension

system is purely Beveridgean and all individuals receive the same pensionB irrespective of their

prior contributions. The pension system can even be targeted, −1 < α < 0, implying that part

of pension benefits is decreasing in contributions. As long as α is smaller than 1, there exists

redistribution from high-income to low-income individuals.

Both the interest rate and the rate of population growth are assumed to be equal to zero. Hence,

it does not matter whether pensions are fully funded or basedon the pay-as-you-go principle.

The sequence of decision-making is as follows: First, the government sets its policy instruments

P = {t,b,α,τ,B}. TakingP as given, individuals decide how much labor to supply and howmuch

to save for retirement.

2.2 Individual’s Optimization

As in Cremer et al. (2007), life-time utility of individualni is given by

Uni = u(cni −v(lni))+ βiu(dni), (1)

wherecni anddni denote first- and second-period consumption,u(·) is utility from consumption

andv(·) is the (monetary) disutility of labor supply. This specification of utility is sufficiently

general to emphasize the main points at stake, while avoiding additional analytical complexity

due to income effects on labor supply. Utility and labor disutility are assumed to be twice con-

tinuously differentiable satisfyingu′ > 0, u′′ < 0, v′ > 0 andv′′ > 0. Further, the Inada condition

limx→0 u′(x) = ∞ is assumed to hold.

Rational individuals maximize (1) withβi = 1 subject to first- and second-period consumption

determined by

cnR = (1− t −b)wnlnR−snR+ τ (2)

dnR = snR+ αbwnlnR+B. (3)

Individuals may also be subject to credit market imperfections either because they cannot sell

claims on their retirement benefits or because of information asymmetries (see Diamond and Haus-

man (1984)). For analytical tractability, it is assumed that those credit market imperfections take

the form of a non-negativity constraint on savings,sni > 0. Hence, the Lagrangean of the rational
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amounts to

LnR = u(cnR−v(lnR))+u(dnR)+µnR((1− t −b)wnlnR−snR+ τ−cnR)

+σnR(snR+bαwnlnR+B−dnR)+ γnRsnR, (4)

whereµnR, σnR andγnR denote the Lagrangean multipliers with respect to first- andsecond-period

consumption and savings. IfγnR > 0, implying s∗nR = 0, the individual wants to borrow against

his future pension benefits but the liquidity constraint prevents him from doing so. Denoting the

value of net consumption in period one asxnR = cnR−v(lnR), the first-order conditions (FOCs) of

(4) with respect tocnR, dnR, snR andlnR are given by2

∂L
∂cnR

= u′(x∗nR)−µnR = 0, µnR≥ 0 (5)

∂L
∂dnR

= u′(d∗
nR)−σnR = 0, σnR≥ 0 (6)

∂L
∂snR

= −µnR+ σnR+ γnR = 0, γnR≥ 0, γnRs∗nR = 0 (7)

∂L
∂lnR

= −u′(x∗nR)v
′(l∗nR)+µnR(1− t −b)wn + σnRbαwn = 0. (8)

For rational individuals who are not liquidity constrained, equations (5) to (7) yieldu′(x∗nR) =

u′(d∗
nR) which implies perfect consumption smoothingx∗nR = d∗

nR. The price of period-two con-

sumption relative to period-one consumption is one. In contrast, for liquidity-constrained ra-

tional agents, the FOCs amount tou′(x∗nR) 6= u′(d∗
nR). The marginal value of period-one con-

sumption increases, so that the price of consumption in period two relative to period one satisfies

u′(d∗
nR) ≦ u′(x∗nR)+ γnR. The optimal saving decision can be summarized as

s∗nR =

{

0.5((1− (t +(1+ α)b))wnl∗nR+ τ−B−v(l∗nR)) if γnR = 0
0 if γnR > 0,

whereγnR = 0 indicates either that the capital market is perfect or thatoptimal savings are non-

negative. Note that savings are increasing in ability for a large range of possible policy parameters

since
∂s∗nR

∂wn
= 0.5(1− (t +(1+ α)b))l∗nR > 0 for t +(1+ α)b < 1. (9)

Given the above relationship, the low ability rational individual is more likely liquidity constrained

than his high ability counterpart. The optimal labor supplyfunction l∗nR can be derived by solving

(8) for v′(·) while taking (5) to (7) into account

v′(l∗nR) =

(

1− t −

(

1−
u′(d∗

nR)

u′(x∗nR)
α
)

b

)

wn. (10)

2Given the assumptions on utility and labor disutility, the first-order conditions are both necessary and
sufficient for a maximum.

7



It depends ont, b andα, and also onτ andB for those who are liquidity constrained. As long as

there exists redistribution in the pension scheme,α < 1, labor supply of a rational agent is distorted

downwards since part of the worker’s contributions will notentitle him to higher retirement bene-

fits. Thus, in terms of deadweight loss from labor supply distortions, pensions are less costly in a

Bismarckian than in a Beveridgean system.3 However, if the individual is liquidity constrained a

positiveα is less efficiency enhancing as thenu′(d∗
nR)

u′(x∗nR) < 1.

Turning to the myopic agents. Ex post, the utility function given in (1) withβi = 1 is also that

of myopic individuals. Ex ante, however, myopic agents disregard the second-period andβi = 0.

Therefore, their maximization problem amounts to

max
cnM,lnM

UnM = u(cnM −v(lnM))

s.t cnM = (1− t −b)wnlnM. (11)

Optimization of (11) yields the following optimal labor supply function

v′(l∗nM) = (1− t −b)wn. (12)

In contrast to the optimal labor supply by rational agents, labor supply of the myopic agents is

independent of the Bismarckian factorα as they fail to factor in the link between higher earnings

and future pension benefits in a (partly) Bismarckian pension system.

Inserting the optimal valuess∗nR and l∗ni back into (1) generates the following ex post indirect

utility functions for the rational unconstrained (VnR), the rational liquidity constrained (Vc
nR) and

the myopic individuals (VnM)

VnR = u((1−b− t)wnl
∗
nR−s∗nR+ τ−v(l∗nR))+u(s∗nR+bαwnl∗nR+B)

Vc
nR = u((1−b− t)wnl

c
nR+ τ−v(lc

nR))+u(bαwnlc
nR+B)

VnM = u((1−b− t)wnl
∗
nM + τ−v(l∗nM))+u(bαwnl∗nM +B) . (13)

Although savings are zero for the myopic and for the liquidity constrained rational individuals,

indirect utility is not the same for both since they differ intheir labor supply as long as the pension

scheme is not purely Beveridgean. As the rational individuals can always to do as good (bad) as

their myopic counterpart, namely by saving nothing and ignoring the link between labor income

and pension benefits, ex post utilities satisfy:VnM ≤Vc
nR < VnR for n = 1,2.

2.3 Government’s Optimization

The government aims at maximizing the sum of individual utilities from a paternalistic point of

view. The paternalistic policy is selected with the goal of influencing the choices of individuals in

3For further discussion of the labor supply effects to the different policy parameters, see Cigno (2008)
for rational liquidity constrained agents and Kaplow (2006) for myopic individuals.
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a way that will make them better off (see, e.g., Thaler and Sunstein (2003) and O’Donoghue and

Rabin (2003)). Therefore, the government maximizes a social welfare function defined over ex

post indirect utilities given in (13), that all depend on first- and second-period consumption. The

intention is that ex post the myopic individuals in society appreciate having been forced to save

for retirement. As a benchmark, the next section derives thefirst-best allocation before attention

is given to second-best solution achieved with the instruments and information available to the

government.

2.3.1 First-Best

In the first-best solution, the government not only observesproductivity but also the degree of

myopia. Hence, the government’s optimization problem can be written as

max
cni,dni,lni

W =
2

∑
n=1

R

∑
i=M

θni {u(cni −v(lni))+u(dni)}

s.t
2

∑
n=1

R

∑
i=M

θniwnlni =
2

∑
n=1

R

∑
i=M

θni {cni +dni} , (14)

where (14) is the resource constraint of the economy. The solution to the above problem yields

xni = dni = c ∀ni (15)

and l1R = l1M < l2R = l2M . (16)

In the absence of information asymmetries, the government equalizes (net) consumption levels

across individuals and periods. The latter is due to the paternalistic welfare criterion. First-best

labor supply is chosen to be the same for rational and myopic agents but to be higher for high

productivity types. This first-best solution can be decentralized with individualized lump-sum

taxes and transfers among types and periods. In Section 2.3.5 it will be shown that in the special

case where agents differ only in rationality, the first-bestsolution can also be implemented with

the policy instruments given inP .

2.3.2 Second-Best

To maximize welfare, given the above mentioned informationasymmetries, the government has

five instruments at hand; the linear tax rate on labor incomet, the linear pension contribution rate

b, the lump-sum transfersτ andB and the Bismarckian factorα. The welfare function is given by

the sum over ex post utilities determined in (13),

W (t,b,α,τ,B) =
2

∑
n=1

R

∑
i=M

θni

{

u((1− t −b)wnl∗ni + τ−s∗nR−v(l∗ni))+

+u(s∗nR+bαwnl∗ni +B)
}

. (17)
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The government taxes labor at a ratet andb to finance uniform lump-sum transfersτ when young

and retirement benefitsbαwnlni +B when old. This implies the following budget constraints of the

two transfer systems4

tEwnl∗ni = τ (18)

bEwnl∗ni = bαEwnl∗ni +B, (19)

where Ewnl∗ni is used for the average income in society given by

Ewnl∗ni =
2

∑
n=1

R

∑
i=M

θniwnl∗ni.

The objective of the government can be written in terms oft, b andα only by using the govern-

ments’ budget constraints (18) and (19) to eliminateτ andB:

W (t,b,α) = Eu((1− t −b)wnl∗ni + tEwnl∗ni −s∗nR−v(l∗ni))

+Eu(s∗nR+b(αwnl∗ni +(1−α)Ewnl∗ni)) . (20)

Differentiating this expression with respect tot, b andα and taking the behavioral responses of

the individuals into account yields

∂W
∂t

= E

[

u′(x∗ni)

(

−wnl∗ni +Ewnl∗ni + tEwn
∂l∗ni

∂t

)

+(1−α)bu′(d∗
ni)Ewn

∂l∗ni

∂t

]

+αb
2

∑
n=1

θnMu′(d∗
nM)wn

∂l∗nM

∂t
= 0 (21)

∂W
∂b

= E

[

u′(x∗ni)

(

−wnl∗ni + tEwn
∂l∗ni

∂b

)]

+ αb
2

∑
n=1

θnMu′(d∗
nM)wn

∂l∗nM

∂b

+E

[

u′(d∗
ni)

(

αwnl∗ni +(1−α)

(

Ewnl∗ni +bEwn
∂l∗ni

∂b

))]

= 0 (22)

∂W
∂α

= E

[

tu′(x∗ni)Ewn
∂l∗ni

∂α

]

+

E

[

bu′(d∗
ni)

(

wnl∗ni −Ewnl∗ni +(1−α)Ewn
∂l∗ni

∂α

)]

= 0. (23)

Equations (21) to (23) reveal that in adjusting labor supply, rational agents take into account the

effects on their own life-cycle utility but ignore the effect on tax revenue, which is the difference

between what their labor supply produces and the portion they are able to consume after the tax.

Myopic agents, by contrast, not only miss to take into account the effect on tax revenue, but also

on second period utility when adjusting their labor supply.

4As both transfer schemes are linearly conditional on the same tax basewi lni no welfare gains can be
achieved by cross-subsidizing the tax system via the pension scheme and vice versa.
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An explicit solution cannot be derived from the above systemof equations which jointly deter-

mines the optimal tax ratet, the optimal pension contribution rateb and the optimal Bismarckian

factorα. However, some interesting results can be obtained by rearranging equation (21) and (22)

and solving fort andb respectively. Even though this approach allows to discuss some issues, it

must be kept in mind that the three variables are not independent.

The Optimal Tax Rate

Rearranging equation (21) and employing the expectation operator, the optimal tax rate for a

given pension contribution rate and Bismarckian factor amounts to

t =
Cov(u′(x∗ni),wnl∗ni)− (1−α)bEu′(d∗

ni)Ewn
∂l∗ni
∂t −bα∑nθnMu′(d∗

nM)wn
∂l∗nM

∂t

Eu′(x∗ni)Ewn
∂l∗ni
∂t

. (24)

Equation (24) nests the standard result in optimal tax theory (see Atkinson and Stiglitz (1980),

p.407). Without any old-age social security scheme,b = 0, this formula represents the traditional

trade-off between equity and efficiency given by

t =
Cov(u′(x∗ni),wnl∗ni)

Eu′(x∗ni)Ewn
∂l∗ni
∂t

. (25)

The numerator reflects the distributional concern since thecovariance between first-period mar-

ginal utility and income can be interpreted as a welfare-based measure of inequality. A large neg-

ative correlation makes a higher tax rate more desirable. The denominator characterizes the costs

of redistribution in terms of the effective elasticity of the tax base. The optimal tax rate should be

lower if a higher labor elasticity indicates that the redistributive tax implies a higher deadweight

loss. If taxation does not cause distortions (∂l∗ni/∂t = 0), redistribution should take place until the

correlation between income and first-period marginal utility vanishes. Given both social security

systems, the nominator of equation (24) also captures the adverse effects of a positive marginal

tax rate on the pension scheme. Lower labor supply due to a positive tax rate likewise cuts the

tax base in the pension scheme which in turn reduces the Beveridgean part of the pension scheme.

The last term reflects the negative effect on the Bismarckianpart of the myopic agents, since com-

pared to rational individuals they fail to take into accountthe link between old-age benefits and

contributions when reducing their labor supply due to taxation.

The Optimal Pension Contribution Rate

The optimal pension contribution rate for a given tax rate and Bismarckian factor is given by

b =
(1−α)Cov(u′(d∗

ni),wnl∗ni)−E[wnl∗ni (u
′(d∗

ni)−u′(x∗ni))]− tEu′(x∗ni)Ewn
∂l∗ni
∂b

(1−α)Eu′(d∗
ni)Ewn

∂l∗ni
∂b + α∑n θnMu′(d∗

nM)wn
∂l∗nM
∂b

(26)

As in equation (24) the denominator reflects the costs of redistribution in terms of the elasticity

of labor supply. The first term refers to the Beveridgean partof the pension system whereas
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the second term captures the distortive labor supply effects on the contribution related part of

the myopic agents. The equity concern is expressed by the first two terms in the numerator of

equation (26). Redistributional considerations over the life-cycle are indicated by the covariance

term; a negative correlation between first-period’s incomeand second-period’s marginal utility

calls for a lower pension contribution rate and vice versa. The second term reflects the desire to

smooth consumption over the life-cycle. For the rational non-liquidity constrained agents this term

is nil since savings are chosen so as to perfectly smooth consumption. For the liquidity constrained

rational agents for whomu′(d∗
nR) > u′(x∗nR) holds, this term calls for a lower pension contribution

rate in order to decrease ‘too high’ old-age benefits. Contrary, for the myopic individuals this term

requires a strictly positive pension contribution rate as they miss to save for retirement. The last

expression in the numerator captures the adverse effects ofa positive pension contribution rate on

the tax base in the tax system.

The Optimal Bismarckian Factor

As shown in Appendix A.1, adverse effects of a positive pension contribution rate on myopic

labor supply are independent of the optimal Bismarckian factor. However, adverse effects on

rational labor supply depend onα and are largest in a purely Beveridgean system. In order to

answer the question as to whether these efficiency losses canbe rectified by means of a positive

Bismarckian factor, the optimal marginal tax ratet∗ andb∗ as implicitly defined by equations (24)

and (26) are substituted into the government’s objective functionW . This yields an optimal value

function Ω(α) = W (t∗,b∗,α), which relates a given Bismarckian factor with maximum social

welfare if the government implements a linear tax and pension scheme. EvaluatingdΩ
dα

at α = 0

while taking the envelope theorem into account, yields

dΩ
dα

∣

∣

∣

∣

α=0
= b∗Cov(u′(d∗

ni),wnl∗ni)+
(

t∗Eu′(x∗ni)+b∗Eu′(d∗
ni)

)

Ewn
∂l∗ni

∂α
. (27)

The first term represents the redistributive impact ofα; a positive Bismarckian factor is welfare

enhancing if Cov(u′(d∗
ni),wnl∗ni) > 0. Then, consumption inequality over the life-cycle can be

smoothed by linking pensions to prior contributions. In contrast, a negative Bismarckian factor has

nice redistributional effects if the covariance is negative. The second term captures the efficiency-

enhancing effect on labor supply of the rational individuals, ∂l∗nR
∂α > 0 (see Appendix A.1), and calls

for a positive Bismarckian factor. Hence, a positive Bismarckian factor is more likely the higher

labor supply elasticity of the rational agents and the less negative correlation between first-period

income and second-period marginal utility.

To get a better understanding of the optimal design of the twolinear social security schemes,

the following two sections analyze the extreme settings ofπn
M = 0 (no myopic individuals) and

πn
R = 0 (no rational individuals) forn = 1,2.
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2.3.3 Only Rational Individuals

In this section the optimal tax and pension contribution rates are derived under the assumption that

society consists only of rational individuals. Settingπn
M = 0 and noting thatu′(x∗nR) = u′(d∗

nR) for

rational unrestricted individuals (see Equations (5) to (7)), the FOCs of the government reduce to:

t +(1−α)b =
Cov(u′(x∗nR),wnl∗nR)

Eu′(x∗nR)Ewn
∂l∗nR
∂t

t +(1−α)b = (1−α)
Cov(u′(d∗

nR),wnl∗nR)

Eu′(d∗
nR)Ewn

∂l∗nR
∂b

(28)

t +(1−α)b = −b
Cov(u′(d∗

nR),wnl∗nR)

Eu′(d∗
nR)Ewn

∂l∗nR
∂α

Given the above system of equations the following result canbe derived:

PROPOSITION 1: If society consists only of rational individuals who face nobind-

ing liquidity constraint, the two transfer systems are perfect substitutable and either

the tax or the pension system turns redundant.

The proof can be found in the Appendix A.2. The intuition behind this result is that from the

point of view of the rational unconstrained individual onlythe total tax rateξ = t +(1−α)b and

total transfersτ + B matter. This can best be seen by noting that the individual’slife-time budget

constraint is determined by

cnR+dnR = B+ τ+(1−ξ)wnlnR.

Savings always adjust to perfectly smooth consumption no matter whether redistribution takes

place in the tax scheme while working, or in the pension scheme while retired.

There are some more conclusions that can be drawn from equation (37).

(1) If the tax rate is chosen to be zero,t = 0, the optimal pension parameters are determined

by ξ = (1−α)b. For α < 1, this implies that the two parameters are perfect substitutes and any

optimal contribution-linked pension system can be replicated by a pure Beveridgean system by

settingα = 0 andb = ξ.5 A pure Bismarckian system,α = 1, can only be optimal if there are no

redistributional concerns implyingξ = 0.

(2) Any retirement benefit formula can be optimal as long as the marginal tax rate adjusts

accordingly byt = ξ − (1− α)b.6 For α < 1, both the pension and the tax scheme, embody

5This result is also shown in Bütler (2002) and Cremer et al. (2007).
6For this result, see also Kifmann (2008) who studies the optimal age-dependent tax and pension para-

meters in a society, in which all individuals are rational.
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redistributional concerns. However, in a purely Bismarckian pension systemα = 1, the only

effect of pensions on individual behavior is a one-for-one displacement of private savings and all

redistributional concerns must be incorporated in the tax system implyingt = ξ.

The above results hold only for perfect capital markets, implying that savings can be both, pos-

itive and negative. When capital markets are imperfect and the individual cannot borrow against

his retirement benefits, the following result can be drawn:

PROPOSITION 2: If capital markets are imperfect and society consists only of ra-

tional agents, the two transfer systems are no longer perfect substitutes. For ‘too

strong’ redistributional concerns, the optimal solution can be implemented without a

pension system but not without a tax scheme.

The proof can be found in Appendix A.2. When savings are restricted to being positive, it

matters from the individual’s point of view, whether redistribution takes place while working or

while retired as ‘too large’ pensions may induce a binding liquidity constraint and, hence, lower

utility.

In sum, it can be said that the introduction of a linear pension scheme in a society with only

rational agents yields no additional welfare gains if the government has already implemented the

optimal linear tax scheme. This result is independent on whether capital markets are perfect or not.

However, the reverse is not true. This conclusion is in sharpcontrast to the next section, where

the optimal policy instruments are analyzed for a society consisting only of heterogenous myopic

agents.

2.3.4 Only Myopic Individuals

In this section the optimal pension and tax scheme are definedunder the assumptions that society

consists of myopic agents only, implyingπn
R = 0 for n = 1,2. In section 2.3 it was already shown

that no pension scheme can never be optimal in a (partly) myopic society. With respect to the

optimal type of the pension scheme the following result can be drawn:

PROPOSITION 3: In a society only of myopic individuals, the introduction ofa tax

scheme does not change the result by Cremer et al. (2007) thatthe optimal pension

scheme is purely Beveridgean.

Proof: By noting that∂l∗nM/∂α = 0 for myopic individuals (see the Appendix A.1), the first-order

condition for the Bismarckian factor (equation (23)) simplifies to

∂W
∂α

= bE
[

u′(d∗
nM)(wnl∗nM−Ewnl∗nM)

]

= bCov(u′(d∗
nM),wnl∗nM).
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Sinceb > 0 with the made assumptions on utility, the above equation isequal to zero forα = 0,

implying a flat pension.q.e.d.

In a completely myopic society there is no efficiency reason to link old-age benefits to prior

contributions and only the redistributive objective prevails which yields the above result of equal

retirement benefits. Withα = 0, equation (22) and (21) amount to:

t =
Cov(u′(x∗nM),wnl∗nM)

Eu′(x∗nM)E
[

wn
∂l∗nM

∂t

] −b
Eu′(d∗

nM)

Eu′(x∗nM)
(29)

b =
E[wnl∗nM(u′(x∗nM)−u′(d∗

nM))]

Eu′(d∗
nM)E

[

wn
∂l∗nM
∂b

] − t
Eu′(x∗nM)

Eu′(d∗
nM)

. (30)

Without a tax system, equation (30) reduces to equation (9) in Cremer et al. (2007); the optimal

pension contribution rate then is larger, the greater the difference between first- and second-period

consumption and smaller, the more elastic labor supply. Whether a tax system is welfare enhancing

can again best be seen using the envelope theorem. Substituting the optimal pension contribution

rateb∗ as implicitly defined by equation (30) into the government’sobjective functionW yields

the optimal value functionΩ(t) =W (b∗,α∗ = 0, t), which relates a given tax rate with maximum

social welfare. EvaluatingdΩ
dt

at t = 0 while taking the envelope theorem into account, yields

dΩ
dt

∣

∣

∣

∣

t=0
= −Eu′(x∗nM)wml∗nM +Eu′(x∗nM)Ewnl∗nM +bEu′(d∗

nM)Ewn
∂l∗nM

∂t
.

With the help of (21) evaluated att = 0 and by noting that∂l∗nM
∂t =

∂l∗nM
∂b (see Appendix A.1), the

above equation can be rewritten as

dΩ
dt

∣

∣

∣

∣

t=0
=

(

Eu′(x∗nM)−Eu′(d∗
nM)

)

Ewnl∗nM.

Only for Eu′(x∗nM) = Eu′(d∗
nM) no tax system is optimal. As Eu′(d∗

nM) = u′(B) is independent of

productivity and Eu′(x∗nM) increases with the difference in productivity, a positive tax rate is more

likely the larger the variance in productivity. For small differences in ability even a negative tax

rate, implying subsidization of labor supply, may be optimal.

2.3.5 No Productivity Differences

If there are no productivity differences between rational and myopic agents, the following result

can be drawn:

PROPOSITION 4: If society consists of myopic and rational individuals who do not

differ in productivity, the government is able to entirely offset the ex-post utility loss

due to myopia and to implement the first-best solution determined by (15) and (16).
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Table 1: Summary of Theoretical Results

perfect capital markets imperfect capital markets

mixed society t R 0, b > 0, α R 0 t R 0, b > 0, α R 0

only rational agents ξ = t +(1−α)b ξ = t, b = 0

only myopic agents t R 0, b > 0, α = 0 no impact

no productivity differences b = −t, α = 0 no impact

Proof: It can be easily verified thatb = −t, α = 0 andc∗nM = d∗
nM solve the first-order conditions

(21) to (23) forw1 = w2 = w. b = −t andα = 0 imply that labor supply is undistorted and equal

across both typesl∗nM = l∗nR = l̂ which proves (16). As−tEwnl∗ni =−twl̂ =−τ = bEwnl∗ni = bwl̂ =

B first- and second-period consumption of the myopic can be rewritten asx∗M = wl̂ −B−v(l̂) and

d∗
M = B. Due tox∗M = d∗

M, pensions are given byB = 0.5(wl̂ − v(l̂ )). It remains to show that

the solution to the first-order conditions (21) to (23) equalizes consumption levels across types

and entirely offsets the ex post utility loss due to myopia which implicates thatx∗M = d∗
M = x̂R =

d̂R, where ˆxR and d̂R are laissez-faireconsumption levels by the rational. With no government

intervention it is optimal for the rational agent to consumein the first period ˆxR = wl̂ − v(l̂)− ŝR

and in the second period̂dR = ŝR = 0.5(wl̂ − v(l̂)). With b = −t, α = 0 andB = 0.5(wl̂ − v(l̂))

first- and second-period consumption of the rational are unchanged but total private savings are

one for one replaced by compulsory savings asB= ŝR. Hence,x∗M = d∗
M = x̂R = d̂R and the ex post

utility loss due to myopia is entirely offset.q.e.d.

The pension system redistributes income from the first period to the second to perfectly smooth

consumption, while the negative marginal tax rate de facto subsidizes labor supply to exactly offset

the labor supply distortions induced by the pension scheme.As long as there are no redistribu-

tional concerns, utility losses due to myopia can be entirely offset. Ex post utility is as high as

laissez-faireutility of a representative rational agent,VnM = V̂nR for n = 1,2. De facto, each agent

pays a lump sum transfer in the first period given by−τ, whereas in the second period each indi-

vidual receives a lump sum transferB of the same amount. Whether capital markets are perfect or

imperfect turns out irrelevant as private savings of the rational agents are completely replaced by

compulsory savings.
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2.3.6 Summary of Theoretical Results

Table 1 summarizes the main theoretical results of this section pertaining the optimal policy in-

struments in a mixed, all rational, all myopic and a society with no productivity differences. As

no definite results can be derived concerning the optimal taxrate and the Bismarckian factor in

a mixed society, the next section turns to a numerical example. This example not only reveals

the sign of those policy instruments but also illustrates how the optimal parameters of the two

transfer schemes change with the share of rational agents indifferent scenarios. Moreover, results

are compared with those derived in the framework modeled by Cremer et al. (2007) with only a

pension scheme.

3 Numerical Example

This section provides an illustration of the analytical results by means of numerical simulations.

In accordance with Cremer et al. (2007) the simulation is based on the following functional form

for utility and labor disutility

Uni = ln

(

cni −
l2
ni

2

)

+ βi ln(dni) ∀ ni.

The basic paramter values are given by7

w1 ∈ {1,2,3}, w2 = 4 and θ1 = 0.6.

To give a comprehensive illustration, computations are executed for different variances in produc-

tivity by changing the value ofw1. Table 2 shows consumption levels, labor supply and utility

in the laissez-fairesolution. For small values ofw1 the ordering of net consumption is given by

x̂1R < x̂1M < x̂2R < x̂2M and the difference in productivity is expected to dominate that in time

preference, implying redistribution from rich to poor. In contrast, forw1 = 3 the ordering switches

to x̂1R < x̂2R < x̂1M < x̂2M and the difference in time preferences should be dominant, pointing to

redistribution from myopic to rational agents. In line withthe empirical evidence, it is assumed

that the share of low productivity agents exceeds the share of high productivity agents.

The following sections analyze the optimal transfer schemes for three different scenarios. Sec-

tion 3.1 presents the benchmark case in which the optimal policy instruments are derived under

the assumption that capital markets are perfect and that productivity and rationality are uncorre-

lated. No correlation between the two characteristics implies an equal share of rational and myopic

7Cremer et al. (2007) derive their simulation results under the assumption of a positively skewed Beta
(2,4) distribution for wages that vary from 1 to 4. However, here in this more comprehensive framework,
the main points at stake can be shown more clearly by employing a discrete distribution in wages.
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Table 2:Laissez-FaireSolution

Type wn x̂ni d̂ni l̂ni u(x̂ni) V̂ni

1M 1 0.5 0 1 -0.3 -∞
2 2.0 0 2 0.3 -∞
3 4.5 0 3 0.65 -∞

1R 1 0.25 0.25 1 -0.6 -1.2
2 1.0 1.0 2 0 0
3 2.25 2.25 3 0.35 0.7

2R 4 4 4 4 1.4 2.8
2M 4 8 0 4 2.1 -∞

individuals among both productivity types. Section 3.2 relaxes the assumption of perfect capital

markets, whereas Section 3.3 assumes a positive correlation between ability and rationality which

requires a higher share of rational agents among the high-productivity types and a higher share of

myopic agents among the low-productivity types.

3.1 Perfect Capital Markets and no Correlation

First, the case of perfect capital markets and no correlation between productivity and rationality is

analyzed, implyingπ1
M = π2

M = πM andπ1
R = π2

R = πR. Table 3 presents the optimal values of the

government’s instruments for different values of rationalindividuals,πR, and different variances

in productivity wn. Variables denoted with a superscript∗ are obtained under the assumption that

both transfer schemes coexist, whereas variables denoted with a superscripto are derived under

the assumption that there is only a linear pension system as in Cremer et al. (2007). In calculating

these values, any liquidity constraints for the rational individuals in society were assumed away

and hences∗nR ⋚ 0.

The Pension Contribution Rate: In a complete rational society,πR = 1, one transfer scheme

turns redundant (see Proposition 1) which, here, is presumed to be the pension scheme. ForπR< 1,

Table 3 reveals that the generosity of the pension scheme, governed byb∗, is positive and stays

relatively constant across different shares of myopic agents. Myopic individuals undertake no

savings because their immediate ‘self’ induces them to get instant gratification. However, their ra-

tional ‘self’ would appreciate a government forcing them toprovide for retirement. Consequently,

it is optimal for the paternalistic government to introducea pension system when the share of my-

opic individuals becomes positive. The three different computations forw1 show that the optimal

level of pensions is almost independent of the variance in productivity. By contrast, the pension

contribution rate modeled in the framework by Cremer et al. (2007) is higher for large differences
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Table 3: Perfect Capital Markets and no Correlation betweenProductivity and Rationality.

πR t∗ b∗ α∗ W ∗ bo αo W o

w1=1 0 0.13 0.25 0 0.43 0.25 0 0.11
0.3 0.12 0.24 0.05 0.48 0.26 -0.06 0.27
0.6 0.12 0.24 0.09 0.54 0.27 -0.10 0.42
0.9 0.11 0.24 0.12 0.59 0.28 -0.12 0.57
1 0.32 −∗ −∗ 0.61 0.32 −∗ 0.61

w1=2 0 0.01 0.25 0 1.17 0.25 0 1.17
0.3 0.00 0.25 0.07 1.21 0.25 0.07 1.21
0.6 0.00 0.24 0.11 1.25 0.24 0.11 1.25
0.9 0.00 0.24 0.14 1.29 0.24 0.15 1.29
1 0.20 −∗ −∗ 1.30 0.20 −∗ 1.30

w1=3 0 -0.15 0.25 0 2.04 0.25 0 1.95
0.3 -0.15 0.25 0.08 2.06 0.25 0.47 1.99
0.6 -0.15 0.25 0.10 2.07 0.24 0.62 2.03
0.9 -0.15 0.24 0.12 2.09 0.24 0.71 2.08
1 0.06 −∗ −∗ 2.09 0.06 −∗ 2.09

∗ As for πR = 1 government intervention is solely determined byξ = t∗ + b∗(1−α∗) (see
Proposition 1), the Bismarckian factor and one of the contribution rates,t∗ or b∗, can be set
equal to zero, implyingξ = t∗ = bo if b∗ = 0 or ξ = b∗ = bo if t∗ = 0.

in ability as the pension scheme must also account for strongredistributional concerns.

The Bismarckian Factor: As the intuition suggests, the optimal Bismarckian factorincreases

with the share of rational individuals and, as proven in Proposition 3, is zero when all agents are

myopic. In a purely myopic society the efficiency enhancing effect of a positive Bismarckian factor

is nil. However, in a mixed society a positiveα enhances labor supply of the rational individuals.

This expands the tax base which in turn provides for every givent andb higher lump sum transfers

in the two social security systems. Hence, the less myopic individuals are in society the more the

optimal pension system moves away from a purely redistributive Beveridgean system towards a

stronger contribution linked Bismarckian system. The optimal Bismarckian factor again turns zero

in a society composed only of rational individuals since then all redistribution can be achieved by

only taxing people in their working-age. In the framework modeled by Cremer et al. (2007) the

Bismarckian factor decreases with the variance in productivity. It may even turn negative for a low

disparity in ability, indicating strong redistributive benefits. By contrast, in the framework used in

this paper, the Bismarckian factor hardly changes with the variance in productivity. A closer look

at the optimal tax ratet∗ brings to light why this is the case.

The Tax Rate: When the government has the opportunity to utilize the tax system as an
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additional instrument to redistribute, the objective behind a negative (positive)α, namely to make

the system more progressive (regressive), can be achieved more efficiently:

1. For w1 = 1, and hence a large disparity in productivity, welfare maximization calls for

redistribution from rich to poor. In the framework by Cremeret al. (2007) this is achieved by

a negative Bismarckian factorαo. With both social security systems, however, redistribution

from high to low productivity types is obtained via the tax system by setting a positive tax

ratet∗. The optimal Bismarckian factor continues to be positive toenhance efficiency in

both systems.

2. Forw1 = 3, implying a low disparity in productivity, even a negativemarginal tax rate turns

out to be optimal. De facto the optimal tax system subsidizeslabor supply. At first sight

this result seems counterintuitive, since a negative marginal tax rate turns the tax system

regressive with respect to productivity; all individuals pay the same lump sum transfer,−τ,

but the high productivity types receive higher absolute labor supply subsidies than the low

productivity types,|tw1l1i | < |tw2l2i |, implying T2i < T1i for i = R,M. But, as for a small

variance in abilitylaissez-faireconsumption of the myopic is larger than for the rational

agents (see Table 2), ˆxnM < x̂nR for n = 1,2, the government mainly aims at redistributing

to the rational individuals in society. Due to a larger laborsupply of the rational agents

for α > 0, a subsidy on labor together with a positive Bismarckian factor exactly meets

this goal. Moreover, subsidizing labor incorporates strong efficiency enhancing effects;

a negative marginal tax not only boosts labor supply of the rational agents, as a positiveα
does, but also encourages labor supply of the myopic agents in society. This in turn expands

the tax base and provides for any givenb andα higher transfers during retirement.

3. Computations forw1 = 2 uncover that for moderate disparities in productivity a tax rate of

zero and, hence, no tax system may also be an optimal solution. In this case, redistributional

concerns are to low to offset accompanying efficiency lossesby the tax system.

To put it in a nutshell, the role of the government, measured by t +(1−α)b is larger in a all

myopic society since then it pursues two goals (1) providingfor old-age and (2) achieving more

equality. The extend of the tax system, measured by|t|, strongly depends on the variance of pro-

ductivity in society and hardly on the share of myopic and rational agents. The optimal marginal

tax rate increases with the variance in productivity starting from being negative for small differ-

ences in ability. By contrast, the extent or generosity of the pension system is mainly determined

by the pure existence of myopic individuals, their share andthe difference in productivity do only

play a minor role for the determination ofb∗. Hence, for a low variance in productivity the re-

distributional effects of the pension scheme are partly offset by the tax scheme. Compared to the

results by Cremer et al. (2007) where the Bismarckian factorplays a strong redistributive role, in

this extended model it mainly performs the task of enhancingefficiency in both systems.
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Table 4: Optimal Social Security Schemes for Imperfect Capital Markets.

πR tc bc αc W c bo αo W o

w1=1 0 0.13 0.25 0 0.43 0.25 0 0.11
0.3 0.15 0.22 0.13 0.47 0.28 0.38 -0.06
0.6 0.15 0.22 0.15 0.53 0.32 0.50 -0.08
0.9 0.14 0.22 0.18 0.59 0.06 -0.15 -0.01
1 0.32 −∗ −∗ 0.61 0.04 -1.00 0.11

w1=2 0 0.01 0.25 0 1.17 0.25 0 1.17
0.3 0.03 0.22 0.17 1.20 0.20 0.19 1.18
0.6 0.03 0.22 0.19 1.24 0.19 0.13 1.23
0.9 0.03 0.22 0.21 1.29 0.18 -0.01 1.28
1 0.20 −∗ −∗ 1.30 0.18 -0.12 1.30

w1=3 0 -0.15 0.25 0 2.04 0.25 0 1.95
0.3 -0.12 0.22 0.17 2.05 0.25 0.47 1.99
0.6 -0.12 0.22 0.18 2.07 0.24 0.62 2.03
0.9 -0.12 0.22 0.18 2.09 0.24 0.71 2.08
1 0.06 −∗ −∗ 2.09 0.06 −∗∗ 2.09

∗ As stated in Proposition 2, forπR = 1 and imperfect capital markets, it is best to redistribute
only via the tax system.
∗∗ Here, redistributional concerns are too low to make the liquidity constraint binding which
implies perfect substitutability betweenbo andαo.

3.2 Imperfect Capital Markets

This section shows results for the optimal social security structure with imperfect capital markets

that may lead to a binding liquidity constraint if the mandatory pension scheme is ‘too large’. The

net effects of the presence of liquidity constrained rational agents for whou′(x∗nR) > u′(d∗
nR) holds

if γnR > 0 are very clear-cut. Since the low-ability rational individuals are the first who may suffer

from a binding liquidity constraint (see equation (9)) changes in the optimal policy parameters

{tc,bc,αc} aim at equalizing their marginal utilities. In fact, simulation results reveal that the

government controls these policy instruments to restore intertemporal equality of consumption

implying x∗nR = d∗
nR (or equivalentlyγnR = 0) for n = 1,2.8

The Pension Contribution Rate: In a completely myopic society, the liquidity constraint

8Note that the government faces two possible regimes. The first regime implies perfect consumption
smoothing for the liquidity constrained rational individuals, whereas the second regime impliesx∗nR < d∗

nR
or γnR > 0. Obviously, the optimum is in the second regime if equatingconsumptions by the use of the
available policy instruments implies higher welfare losses. Computations reveal that this is only the case
for w1 = 1 whenπR = 0.3 or 0.6 and when the government has only the pension parameters at hand.
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imposed on rational agents turns irrelevant and the optimaltax and pension scheme are the same

as in Table 3. As the intuition suggests, in a mixed society where rational agents cannot sell claims

against their future retirement benefits, the optimal pension contribution rate is always lower. By

contrast, for a society of only rational agents, no old-age benefits via a pension scheme are needed

and as stated in Proposition 2, all redistribution should bedone via the tax system because the

liquidity constraint is never binding and the same level of welfare as with perfect capital markets

can be attained. This result is in sharp contrast to the solution in Cremer et al. (2007) where

welfare in a complete rational society is lower if the variance in productivity is large. ‘Too strong’

redistributional concerns may induce a binding liquidity constraint and hence lower utility for the

constrained agents.

The Bismarckian Factor: Regarding the optimal Bismarckian factor, results are very differ-

ent to those in Cremer et al. (2007). In their framework, the optimal α may even turn negative,

implying targeting towards the poor. Here, in this more comprehensive model, the optimal pension

scheme becomes more Bismarckian compared to the case with perfect capital markets. A stronger

link between contributions and pensions de facto reduces old-age benefits of the poor which in turn

relaxes their credit constraint; the negative income effect when old makes dissaving less desirable

from the poor rational’s point of view.

The Tax Rate: The adjustment in the tax system works in the same directionas in the pension

scheme. Here, a relaxation of the poor’s liquidity constraint is obtained via a positive income

effect when young by increasing the marginal tax rate which more strongly redistributes from rich

to poor in the first-period.

In sum, the existence of credit constrained individuals induces three policy changes compared

to Table 3. (1) The pension contribution rate or the generosity of the pension scheme is lowered.

(2) The pension scheme turns more Bismarckian, implying higher consumption dispersion in the

second period. And (3) the tax system becomes more redistributive, involving lower consumption

dispersion in the first period. Hence, higher consumption inequality in old-age seems to be optimal

from a redistributive point of view if society is partly composed of myopic agents and if capital

markets are imperfect, implyings∗nR≥ 0.

3.3 Positive Correlation between Productivity and Rationality

Up to now it was assumed that rationality and productivity are uncorrelated. This section relaxes

this assumption and analyzes the case of a positive correlation between the two characteristics

π1
M > π2

M.9

9The analysis by Bernheim et al. (2001) gives some evidence that myopia and productivity may be
positively correlated as they find that higher wealth is associated with a smaller decline in consumption
after retirement even though they have controlled for many life-cycle arguments.
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Table 5: Optimal Social Security Schemes forπ1
M > π2

M.

πR π1
R π2

R t pc bpc αpc W pc

w1=1 0.6 0.4 0.9 0.13 0.20 0.06 0.59
0.6 0.6 0.12 0.24 0.09 0.54

w1=2 0.6 0.4 0.9 0.00 0.19 -0.08 1.29
0.6 0.6 0.00 0.24 0.11 1.25

w1=3 0.6 0.4 0.9 -0.16 0.21 -0.11 2.09
0.6 0.6 -0.15 0.25 0.10 2.07

Table 5 presents the optimal parameters of the two transfer schemes, indicated with a super-

script pc, for π1
R = 0.4 andπ2

R = 0.9. The chosen values ensure that results can be compared to

the above case with no correlation between rationality and productivity since the overall share of

low and high productivity types and of rational and myopic agents remains the same. However,

there is a shift in probability mass from 2M to 2R and from 1R to 1M agents. Givenθ1 = 0.6 and

θ2 = 0.4 the total share of rational agents amounts to

πR = θ1π1
R+ θ2π2

R = 0.6×0.4+0.4×0.9 = 0.6.

From comparing both outcomes the following conclusions canbe drawn. (1) When there are more

myopic agents among the low-productivity types, the generosity of the pension system can be

reduced as myopic agents of low ability require lower old-age benefits to smooth consumption

over their life-cycle than their high-ability counterparts. (2) The optimal tax rate hardly changes.

And (3) for moderate to small disparities in ability the optimal Bismarckian factor may even turn

negative implying targeting towards the poor.

Interestingly, welfare is higher in a society where productivity and rationality are positively

correlated than in a society where the two characteristics are uncorrelated. This is due to the fact

that the role of the government, measured byt +(1−α)b, is reduced and with it accompanying

labor supply distortions.

4 Conclusion

Cremer et al. (2007) study the optimal linear pension parameters when society consists of indi-

viduals who do not only differ in productivity but also in rationality. Rational agents may also

be liquidity constrained. Myopic agents have ex ante a strong preference for the present and un-

dertake no savings, even though, ex post they rue their earlier decision. The social objective is

assumed to be paternalistic, aiming at maximizing the sum ofex post utilities. This paper has
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extended the model by Cremer et al. (2007) by introducing income taxation. The main results can

be summarized as follows:

(i) In a completely rational society where individuals differ only in productivity and where

capital markets are perfect, the objective of the government is purely redistributive. Every given

degree of redistribution can be achieved with only one of thetransfer systems and either the tax

or the pension system is redundant. However, if rational individuals are liquidity constrained, the

two transfer schemes are no longer perfect substitutes. Welfare can still be maximized having only

the tax scheme, but it may be reduced having only the pension scheme as in Cremer et al. (2007).

(ii) If a society is also composed of myopic agents, the pension scheme is needed to ensure old-

age consumption. Compared to the Cremer et al. (2007) framework, the generosity of the pension

system hardly changes. However, the degree of redistribution in the pension scheme, captured by

the Bismarckian factor, may be reversed. When the government has the opportunity to utilize the

tax system as an additional instrument to redistribute, theobjective behind a negative (positive)α
in the Cremer et al. (2007) solution, namely to make the system more progressive (regressive), can

be achieved more efficiently with a positive (negative) tax rate. The optimal Bismarckian factor

stays positive to enhance efficiency in both systems.

(iii) Numerical simulations show that the generosity of thepension scheme is mainly deter-

mined by the pure existence of myopic agents, whereas the marginal tax rate strongly depends on

the disparity in productivity. It increases with the difference in productivity starting from being

negative for small differences. Both, the tax and the pension contribution rate, hardly change with

the share of rational agents. By contrast, the optimal Bismarckian factor increases with the share

of rational individuals, but stays relatively constant across different variances in productivity.

(iv) When capital markets are imperfect results change, in this extended framework, only

quantitatively; the optimal level of retirement benefits decreases in order to relax an otherwise

binding liquidity constraint of the poor rational. Moreover, the degree of redistribution increases in

the tax system, whereas it decreases in the pension scheme. In contrast, the degree of redistribution

in the Cremer et al. (2007) framework becomes a non-monotonic function of the share of rational

agents.

To keep the analysis tractable both transfer systems were assumed to be linear. Cremer et al.

(2008) and Tenhunen and Tuomala (2007) relax this assumption and allow for non-linear trans-

fer schemes. However, this approach does not allow them to derive explicit results on how the

policy instruments should be optimally designed. Additionally, results strongly depend on the

informational assumptions by the government.
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A Technical Appendix

A.1 The Effects oft, b and α on Labor Supply

This appendix derives the effects of the various policy instruments on labor supply and savings of

the myopic and the unconstrained rational individual.

By employing the individual budget constraints to eliminate cni anddni from the utility func-

tion, the maximization problem is given by

Uni = u((1− t −b)wnlni + τ−βisni −v(lni))+ βiu(βisni +bαwnlni +B)+ γβisni

The first-order conditions for labor supply and savings are

−βiu
′(x∗ni)+ βiu

′(d∗
ni)+ γniβi = 0, (31)

u′(x∗ni)(1− t −b)wn−u′(x∗ni)v
′(l∗ni)+ βiu

′(d∗
ni)bαwn = 0. (32)

A.1.1 Myopic Agents

For the myopic individual,βi = 0, the FOCs given in equation (31) and (32) reduce to(1− t −

b)wn−v′(l∗nM) = 0. Hence, labor supply effects can be simply computed with the implicit function

theorem which yields

∂l∗nM

∂b
= −

wn

v′′(l∗nM)
< 0,

∂l∗nM

∂t
= −

wn

v′′(l∗nM)
< 0 and

∂l∗nM

∂α
= 0.

A.1.2 Unconstrained Rational Agents

For the unconstrained rational individual, whereβi = 1 and γnR = 0 which impliesu′(x∗nR) =

u′(d∗
nR) and therefore alsou′′(x∗nR) = u′′(d∗

nR), total differentiation of the FOCs given in equation

(31) and (32) yields

−2u′′(x∗nR)ds∗nR−2u′′(x∗nR)bαwndl∗nR = △s

v′′(l∗nR)dl∗nR = △l , with

△s = u′′(x∗nR)bwnl∗nRdα+(1+ α)u′′(x∗nR)wnl∗nRdb+u′′(x∗nR)wnl∗nRdt

+u′′(x∗nR)dB−u′′(x∗nR)dτ

△l = bwndα−wn(1−α)db−wndt

These equations can be written as the following linear system
[

−2u′′(x∗nR)bαwn −2u′′(x∗nR)
v′′(l∗nR) 0

][

dl∗nR
ds∗nR

]

=

[

△s

△l

]

. (33)

25



Inverting (33) amounts to
[

dl∗nR
ds∗nR

]

=
1
D

[

0 2u′′(x∗nR)
−v′′(l∗nR) −2u′′(x∗nR)bαwn

][

△s

△l

]

,

where the determinant, given byD = 2u′′(x∗nR)v
′′(l∗nR), is negative with the assumptions made on

utility and labor disutility. From this solution the various labor supply effects for the unconstrained

rational agent can be found:

∂l∗nR

∂t
= −

wn

v′′(l∗nR)
< 0,

∂l∗nR

∂b
= −

(1−α)wn

v′′(l∗nR)
≤ 0 and

∂l∗nR

∂α
=

bwn

v′′(l∗nR)
> 0. (34)

A.2 Proofs

A.2.1 Proof of Proposition 1

Proof: Making use of (34) and noting that Cov(u′(x∗nR),wnl∗nR) = Cov(u′(d∗
nR),wnl∗nR) for rational

unrestricted individuals, each equation in (28) can be written as

t +(1−α)b =
Cov(u′(x∗nR),wnl∗nR)

Eu′(x∗nR)Ewn
∂l∗nR
∂t

. (35)

The right hand-side of (35) depends on the expressiont +(1−α)b; equalizing first- and second-

period consumption defined in (2) and (3) and solving for savings amounts to

u′(x∗nR) = u′(0.5((1− (t +(1−α)b))wnl∗nR−v(l∗nR)+ (t +(1−α)b)Ewnl∗nR)) (36)

With (36) and by definingξ = t +(1−α)b, equation (35) can be rewritten as

ξ = −
Cov(u′(0.5((1−ξ)wnl∗nR−v(l∗nR)+ ξEwnl∗nR)),wnl∗nR)

Eu′ (0.5((1−ξ)wnl∗nR−v(l∗nR)+ ξEwnl∗nR)) ,wnl∗nR)E
w2

n
v′′(l∗nR)

. (37)

Sincel∗nR = v′−1((1− ξ)wn) the solution to (28) is solely determined byξ. This implies that the

tax and the pension system are perfect substitutes and either t or b can be set equal to zero.q.e.d.

A.2.2 Proof of Proposition 2

With no tax system,t = 0, the optimal saving decision (equation (39)) reduces to

s∗nR =

{

0.5((1− (1+ α)b)wnl∗nR−v(l∗nR)−B) if γnR = 0
0 if γnR > 0.

(38)
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If the pension scheme is ‘too large’ the individual wants to borrow against his retirement benefits,

but as the liquidity constraint prevents him from doing so the optimum is in the second row of (38)

ands∗nR = 0. However, with no pension system,b = 0, the optimal savings decision reduces to

s∗nR =

{

0.5((1− t)wnl∗nR+ τ−v(l∗nR)) if γnR = 0
0 if γnR > 0,

where the first row can be also written ass∗nR = 0.5x∗nR. Sincex∗nR is always chosen to be positive

with the made assumptions on utility, savings will never be equal to zero. Therefore, the problem

of being credit constrained is only present when the government implements ‘too large’ mandatory

saving via a pension scheme. With no pension system the liquidity constraintsnR ≥ 0 is non-

binding and the solution to the individual’s and government’s optimization problem with imperfect

capital markets is identical to the one with perfect capitalmarkets forξ = t andb = 0. q.e.d.

27



References

Agulnik, P., “Maintaining Incomes after Work: Do Compulsory Earnings-Related Pensions Make

Sense?,”Oxford Review of Economic Policy, 2000,16 (1), 45–56.

Akerlof, G. A. , “Behavioral Macroeconomics and Macroeconomic Behavior,” American Eco-

nomic Review, 2002,92 (3), 411–433.

Ando, A. and F. Modigliani, “The ’Life-Cycle’ Hypothesis of Saving: Aggregate Implications

and Tests.,”American Economic Review, 1963,53 (1), 55–84.

Atkinson, A. B. and J. E. Stiglitz, Lectures on Public Economics, New York: McGraw-Hill,

1980.

Bernheim, B. D., J. Skinner, and S. Weinberg, “What Accounts for the Variation in Retirement

Wealth among U.S. Households?,”American Economic Review, 2001,91, 832–857.

Bütler, M. , “Tax-Benefit Link in Pension Systems: A Note,”Journal of Public Economic Theory,

2002,4 (3), 405–415.

Choi, J. J., D. Laibson, B. C. Madrian, and A. Metrick, Saving for Retirement on the Path of

Least Resistence, Behavioral Public Finance, Russell Sage Foundation, 2006.

Cigno, A., “Is there a Social Security Tax Wedge?,”Labour Economics, 2008,15, 68–77.

Cremer, H., P. De Donder, D. Maldonado, and P. Pestieau, “Designing a Linear Pension Scheme

with Forced Savings and Wage Heterogeneity,”International Tax and Public Finance, 2007.

, , , and , “Forced Saving, Redistribution and Nonlinear Social Security

Schemes,”CEPR Discussion Paper Series, 2008, (6775).

Diamond, P. A., “A Framework of Social Security Analysis,”Journal of Public Economics, 1977,

8, 275–298.

, “Social Security,”American Economic Review, 2004,94, 1–24.

and B. Koszegi, “Quasi-Hyperbolic Discounting and Retirement,”Journal of Public Eco-

nomics, 2003,87, 1839–1872.

and J. A. Hausman, “Individual Retirement and Savings Behavior,”Journal of Public

Economics, 1984,23, 81–114.

Docquier, F., “On the Optimality of Public Pensions in an Economy with Life-Cyclers and My-

opes,”Journal of Economic Behavior & Organization, 2002,47, 121–140.

28



Feldstein, M., “The Optimal Level of Social Security Benefits,”Quarterly Journal of Economics,

1985,C (2), 303–320.

and J. Leibman, “Social Security,” in Auerbach A. and M. Feldstein, eds.,Handbook of

Public Economics, Vol. 4, Elsevier, 2002, chapter 32.

Hamermesh, D., “Consumption During Retirement: The Missing Link in the Life Cycle,”Review

of Economics and Statistics, 1984,LXVI, 1–7.

Imrohoroglu, A., S. J. Imrohoroglu, and D. H. Joines, “Time-Inconsistent Preferences and

Social Security,”Quarterly Journal of Economics, 2003,118(3), 745–784.

Kaplow, L. , “Myopia and the Effects of Social Security and Capital Taxation on Labor Supply,”

NBER Working Paper 12452, 2006.

Kifmann, M. , “Age-Dependent Taxation and the Optimal Retirement Benefit Formula,”German

Economic Review, 2008,9 (1), 41–64.

Kotlikoff, L. J., A. Spivak, and L. H. Summers , “The Adequacy of Savings,”American Eco-

nomic Review, 1982,72 (5), 1056–1069.

Laibson, D., “Golden Eggs and Hyperbolic Discounting,”Quarterly Journal of Economics, 1997,

62, 443–477.

, “Life-Cycle Consumption and Hyperbolic Discount Functions,” European Economic Re-

view, 1998,42, 861–871.

O’Donoghue, T. and M. Rabin, “Studying Optimal Paternalism, Illustrated by a Model of Sin

Taxes,”American Economic Review, 2003,93 (2), 186–191.

Pollak, R. A., “Consistent Planning,”Review of Economic Studies, 1968,35, 201–208.

Schwarz, M. E. and E. Sheshinski, “Quasi-Hyperbolic Discounting and Social Security Sys-

tems,”European Economic Review, 2007,51, 1247–1262.

Strotz, R. H., “Myopia and Inconsistency in Dynamic Utility Maximization,” Review of Economic

Studies, 1956,23 (3), 165–180.

Tenhunen, S. and M. Tuomala, “On Optimal Lifetime Redistribution Policy,”Tampere Economic

Working Paper Net Series, 2007, (50).

Thaler, R. H. and C. R. Sunstein, “Libertarian Paternalism,”American Economic Review, 2003,

93 (2), 175–179.

and H. Shefrin, “An Economic Theory of Self-Control,”Journal of Political Economy,

1981,89, 392–406.

29



 
 
 

Documents de Treball de l’IEB 
 

2007 
 
2007/1. Durán Cabré, J.Mª.; Esteller Moré, A.: "An empirical analysis of wealth taxation: Equity vs. tax compliance" 
2007/2. Jofre-Monseny, J.; Solé-Ollé, A.: "Tax differentials and agglomeration economies in intraregional firm location" 
2007/3. Duch, N.; Montolio, D.; Mediavilla, M.: "Evaluating the impact of public subsidies on a firm’s performance: A 
quasi experimental approach" 
2007/4. Sánchez Hugalde, A.: "Influencia de la inmigración en la elección escolar" 
2007/5. Solé-Ollé, A.; Viladecans-Marsal, E.: "Economic and political determinants of urban expansion: Exploring the 
local connection" 
2007/6. Segarra-Blasco, A.; García-Quevedo, J.; Teruel-Carrizosa, M.: "Barriers to innovation and public policy in 
Catalonia" 
2007/7. Calero, J.; Escardíbul, J.O.: "Evaluación de servicios educativos: El rendimiento en los centros públicos y 
privados medido en PISA-2003" 
2007/8. Argilés, J.M.; Duch Brown, N.: "A comparison of the economic and environmental performances of 
conventional and organic farming: Evidence from financial statement" 
 
2008 
 
2008/1. Castells, P.; Trillas, F.: "Political parties and the economy: Macro convergence, micro partisanship?" 
2008/2. Solé-Ollé, A.; Sorribas-Navarro, P.: "Does partisan alignment affect the electoral reward of intergovernmental 
transfers?" 
2008/3. Schelker, M.; Eichenberger, R.: "Rethinking public auditing institutions: Empirical evidence from Swiss 
municipalities" 
2008/4. Jofre-Monseny, J.; Solé-Ollé, A.: "Which communities should be afraid of mobility? The effects of 
agglomeration economies on the sensitivity of firm location to local taxes" 
2008/5. Duch-Brown, N.; García-Quevedo, J.; Montolio, D.: "Assessing the assignation of public subsidies: do the 
experts choose the most efficient R&D projects?" 
2008/6. Solé-Ollé, A.; Hortas Rico, M.: "Does urban sprawl increase the costs of providing local public 
services? Evidence from Spanish municipalities" 
2008/7. Sanromà, E.; Ramos, R.; Simón, H.: "Portabilidad del capital humano y asimilación de los inmigrantes. 
Evidencia para España" 
2008/8. Trillas, F.: "Regulatory federalism in network industries" 
 
2009 
 
2009/1. Rork, J.C.; Wagner, G.A.: "Reciprocity and competition: is there a connection?" 
2009/2. Mork, E.; Sjögren, A.; Svaleryd, H.: "Cheaper child care, more children" 
2009/3. Rodden, J.: "Federalism and inter-regional redistribution" 
2009/4. Ruggeri, G.C.: "Regional fiscal flows: measurement tools" 
2009/5. Wrede, M.: "Agglomeration, tax competition, and fiscal equalization" 
2009/6. Jametti, M.; von Ungern-Sternberg, T.: "Risk selection in natural disaster insurance" 
2009/7. Solé-Ollé, A; Sorribas-Navarro, P.: "The dynamic adjustment of local government budgets: does Spain behave 
differently?" 
2009/8. Sanromá, E.; Ramos, R.; Simón, H.: "Immigration wages in the Spanish Labour Market: Does the origin of 
human capital matter?" 
2009/9. Mohnen, P.; Lokshin, B.: "What does it take for and R&D incentive policy to be effective?" 
2009/10. Solé-Ollé, A.; Salinas, P..: "Evaluating the effects of decentralization on educational outcomes in Spain?" 
2009/11. Libman, A.; Feld, L.P.: "Strategic Tax Collection and Fiscal Decentralization: The case of Russia" 
2009/12. Falck, O.; Fritsch, M.; Heblich, S.: "Bohemians, human capital, and regional economic growth" 
2009/13. Barrio-Castro, T.; García-Quevedo, J.: "The determinants of university patenting: do incentives matter?" 
2009/14. Schmidheiny, K.; Brülhart, M.: "On the equivalence of location choice models: conditional logit, nested logit 
and poisson" 
2009/15. Itaya, J., Okamuraz, M., Yamaguchix, C.: "Partial tax coordination in a repeated game setting" 
2009/16. Ens, P.: "Tax competition and equalization: the impact of voluntary cooperation on the efficiency goal" 
2009/17. Geys, B., Revelli, F.: "Decentralization, competition and the local tax mix: evidence from Flanders" 



 
 
 

Documents de Treball de l’IEB 
 

2009/18. Konrad, K., Kovenock, D.: "Competition for fdi with vintage investment and agglomeration advantages" 
2009/19. Loretz, S., Moorey, P.: "Corporate tax competition between firms" 
2009/20. Akai, N., Sato, M.: "Soft budgets and local borrowing regulation in a dynamic decentralized leadership model 
with saving and free mobility" 
2009/21. Buzzacchi, L., Turati, G.: "Collective risks in local administrations: can a private insurer be better than a public 
mutual fund?" 
2009/22. Jarkko, H.: "Voluntary pension savings: the effects of the finnish tax reform on savers’ behaviour" 
2009/23. Fehr, H.; Kindermann, F.: "Pension funding and individual accounts in economies with life-cyclers and 
myopes" 
2009/24. Esteller-Moré, A.; Rizzo, L.: "(Uncontrolled) Aggregate shocks or vertical tax interdependence? Evidence 
from gasoline and cigarettes" 
2009/25. Goodspeed, T.; Haughwout, A.: "On the optimal design of disaster insurance in a federation" 
2009/26. Porto, E.; Revelli, F.: "Central command, local hazard and the race to the top" 
2009/27. Piolatto, A.: "Plurality versus proportional electoral rule: study of voters’ representativeness" 



Fiscal Federalism 




