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1 Introduction

For a rational agent, saving is the result of a trade-off ketwconsumption today and consump-
tion tomorrow. The life-cycle model by Ando and Modigliadi963) assumes that individuals ra-
tionally plan their consumption and saving needs in a wayrtteximizes their expected lifetime
utility. This suggests that individuals try to smooth camggion over time, implying accumulation
of financial assets while working and dissaving while retirelowever, many people experience
a significant fall in consumption when retired (see Bernheskinner and Weinberg (2001), Ak-
erlof (2002) and Hamermesh (1984) among many others). €&igullustrates the consumption
path predicted by the life-cycle model and the consumptioiilp that is mainly observed. If this
drop in consumption after entering retirement age reflettsmal optimization, then the observed
consumption profile just reflects true preferences. If, h@ryendividuals are myopic, prone to
regret their earlier saving behavior or dynamically ingstent, this ‘inadequate’ level of savings
is an important empirical question.
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Figure 1:Consumption over the life-cycle.

Bernheim et al. (2001) state that their “findings are diffical interpret in the context of
the life-cycle model” and that “the empirical patterns isthaper are more easily explained if
one steps outside the framework of rational, farsightedropation.” (p.855). A survey of 10,000
employees conducted by Choi, Laibson, Madrian and Met@0R§) confirms that individuals are
far away from being rational farsighted life-cyclers. Thetreors discover that 68% of employees
find their retirement savings rate ‘too low’ relative to thigleal. More than one third intended
to increase savings over the next few months. However, o of them did so in the four



months after the survey. Behavioral Economists explairmptia savings for retirement in terms
of bounded self-contrabr lack of willpower(e.g. Thaler and Shefrin (1981)).

For modeling bounded self-control or lack of willpower tcegdately prepare for retirement,
the theoretical literature has developed two tools. Onéashyperbolic discounting function
which can be traced back to Strotz (1956) and Pollak (1968)ygerbolic discounter uses a high
short-term and a lower long-term discount rate. Since suchgent overvalues the present and
undervalues the future, he faces a self-control problermvitheomes to retirement savings. The
agent overconsumes today and undersaves for the futurd_édeson (1997), Laibson (1998),
Diamond and Koszegi (2003) and Schwarz and Sheshinski JR0Anhother tool, which is em-
ployed in this paper, is to assume that individuals (parggpre future utility when deciding how
much to save rather than compute a plan that spans theie éifghcycle utility. In those models,
individuals regret their earlier saving decisions and atéed myopic (see Feldstein (1985), Cre-
mer, De Donder, Maldonado and Pestieau (2007), Cremer, Delé@pMaldonado and Pestieau
(2008)).

The lack to ‘adequately’ save for retirement is cited by mauthors as the main justification
for the pension scheme (e.g. Diamond (1977), Kotlikoff v@kiand Summers (1982) and Agul-
nik (2000)). Feldstein (1985) was among the first who stuthedretically how the presence of
myopic agents affects the optimal level of the pension sygtee Feldstein and Leibman (2002)).
As the optimal level requires balancing the protection efitiyopic agents against the cost of dis-
torting resource allocation by the rational agents, he fihdsold-age benefits are always positive
but may be quite low unless a large fraction of society is detefy myopic.

In recent years a vibrant literature has developed whickamées Feldstein’s canonical
analysis. Docquier (2002) shows that the optimal pensiaonritmtion rate derived by Feldstein
(1985) is Pareto-dominated if the social welfare functiohanly maximizes the sum of all agents
currently alive, but also of all those yet to be born. Imraigdn, Imrohoroglu and Joines (2003)
study how a society composed of hyperbolic discountersfara pay-as-you-go social security
program. Their model also accounts for liquidity consttgininemployment risk and uncertain
mortality and income. As they embed social security in a gareqjuilibrium setting, it does not
only provide old-age consumption for the shortsightedviitdials, but also distorts labor supply
and affects the interest and wage rate. The authors contitatishortsightedness of individuals
must be severe to give scope for social security as a meamspooving welfare. Cremer et al.
(2007) analyze how the pension parameters of a linear peissiteme should be optimally de-
signed for a society, in which agents differ not only withpest to their rationality but also with
respect to productivity. In their framework, the task ofirenent benefits is not only to ensure
old-age consumption for the myopic agents but also to médlise from high- to low-income in-
dividuals. Their main findings are that the pension systecoimes less Beveridgean as the share
of rational agents increases. However, if some rationahtagare also liquidity constrained this
connection is reversed and even targeting towards the @oobe optimal, implying a negative



correlation between past contributions and pension benefit

So far the economic literature has solely focused on how émsipn scheme should be op-
timally designed in a society that consists not only of tifeslers but also of myopic agents.
However, as can be seen in Figure 1, those two types of agehtnty differ in their old-age
consumption levels, but also in their consumption whilengauHence, from a welfare perspective
it may not only be optimal to have a pension scheme to redueeatiance in consumption while
old but also to implement a tax scheme to decrease the gapsucgtion while young. Building
on the study by Cremer et al. (2007) this paper models thenappension parameters in a frame-
work which consists of two redistributive transfer scheymesnely a linear pension scheme and a
linear tax system that redistributes among agents duringingr-age.

The goal of this paper is to answer the following questionswlido the two transfer systems
interact and how should they be optimally designed from arpatistic point of view aiming
at maximizing life-cycle utility? How strong is the redistive concern in each system? Do
results change if capital markets are imperfect, implyimgt individuals cannot borrow against
their retirement benefits? And, does society need both dgeaad a tax system at all?

To forestall the first result of this paper; with no myopic atgein society the tax and pension
scheme are perfectly substitutable. This implies that theegnment can rely on only one of the
two transfer systems to maximize social welfare. But, tleisult is derived for a society that
is solely composed of rational agents who perfectly smootisemption over their life-cycle.
This framework does not incorporate the already mentiomgdkotivation for a pension scheme,
namely to provide old-age benefits for those who have migsesdue enough for retirement. As
Diamond (2004) states in his Presidential Address “it isletuate and potentially misleading to
study the effects of Social Security in models in which thisreo particular reason for Social
Security to exist in the first place...[]...the model of hostmnomicus, while very useful, is not a
fully adequate basis for the design of all policies...” jpRBy analyzing a mixed society composed
of rational and myopic agents this paper shows that thereaison for both transfer schemes to
exist; the pension scheme to ensure old-age consumptidinegfonyopic agents and the tax scheme
to redistribute among high- and low-income agents.

The rest of the paper proceeds as follows. The next sectisrupehe Model and derives re-
sults analytically. Section 3 gives numerical examplesamdpares results to those derived in the
framework modeled by Cremer et al. (2007) where the goventim&s only pension parameters
at hand. A final section concludes, and an Appendix contaist of the proofs.



2 The Model

A mass of agents with unit measure lives for two periods. Viddials are heterogenous with
respect to their exogenous ability (w» > w;) and with respect to their preferences for the present
governed by@;. This gives rise tai-agents, wher@,,; denotes the fraction of type-in society.

81 and6; determine the share of low and high productivity types, whsrg, and g define the
share of myopic and rational agents among each productixiy! Hence, the proportion of the
four types in the population amounts to

B1m = 6171y, Oom = 02T, B1r = 01T, Ok = BT

If 1§, > 1%, the share of myopic agents among the low productivity iidgials is higher implying

a positive correlation between rationality and produttiviThe time preference parameter is a
binary variable which is one for rational individuas = 1, and zero for myopic individual§y =

0. Ex post both agents, rational and myopic, have the samganiporal preferences but only the
rational individuals make their decisions in line with thgseferences. Myopic individuals do not
save for retirement, since ex ante they have a strong preferor the present and consume all
their income. They make their consumption decisions adegri a discount factor that does not
represent their true preferences and when being retirgdrtizetheir earlier decisions. It is worth
emphasizing that myopic behavior is different from the lvéreof rational individuals with high
discount rates for future utility. For individuals who havigh discount rates it is rational to save
little for retirement and enjoy high consumption rates jod#or them, utility cannot be increased
when they are subject to forced savings. In contrast, fgroigopic individuals to save increases
their utility.

2.1 The Transfer Systems

The government’s objective is twofold. On the one hand, ihtwdo redistribute income from
high to low-productivity households. On the other handjritsato provide resources to myopic
individuals who have missed to save for retirement. The gowent does not obserwe,, labor
supplylni, savingss,; and time preferences. However, it knows the joint distidmbdf productivity
and rationality and it observes labor incomgl,i. Hence, it must rely on distortionary taxes
instead of individualized lump-sum transfers. Both theome tax and the pension schedule are
assumed to be linear. Net transfers in the tax system amount t

T(Wnlm) =T —thlnh

wheret is the marginal tax rate ands a uniform lump-sum transfer. Foi(wylni) < 0 individual-
ni is a net payer, whereas foi(wyl;) > 0 individuali is a net receiver in the tax system. Individ-

1Due to the unit measu® = 1— 6, andmy =1—1, forn=1,2.



uals must also contribute a shdref their pre-tax labor income to the pension scheme. Pension
benefits during retirement depend on prior contributidig,l i, through the formula

P(Wnlm) = aanIm + B,

wherea is the so-called Bismarckian factor. For= 1, the pension system is purely Bimarckian
and each individual’s total contribution is equal to hist@ension benefits. For= 0, the pension
system is purely Beveridgean and all individuals receieeséime pensioB irrespective of their
prior contributions. The pension system can even be taigeté < a < 0, implying that part
of pension benefits is decreasing in contributions. As long & smaller than 1, there exists
redistribution from high-income to low-income individsal

Both the interest rate and the rate of population growth ssaraed to be equal to zero. Hence,
it does not matter whether pensions are fully funded or basethe pay-as-you-go principle.
The sequence of decision-making is as follows: First, theegunent sets its policy instruments
? ={t,b,a,1,B}. Taking® as given, individuals decide how much labor to supply and hmwh
to save for retirement.

2.2 Individual’'s Optimization

As in Cremer et al. (2007), life-time utility of individuali is given by
Uni = u(Cni — V(Ini)) + Biu(dhi), (1)

wherec,; andd,; denote first- and second-period consumptiaf) is utility from consumption
andv(-) is the (monetary) disutility of labor supply. This specifioa of utility is sufficiently
general to emphasize the main points at stake, while awpiddditional analytical complexity
due to income effects on labor supply. Utility and labor tllgy are assumed to be twice con-
tinuously differentiable satisfying’ > 0, u” < 0,V > 0 andv’ > 0. Further, the Inada condition
limy_o U (x) = o is assumed to hold.

Rational individuals maximize (1) witf; = 1 subject to first- and second-period consumption
determined by

R = (I-t—DbWnhlpr—Sir+T (2)
dr = Sr+0bwilhr+B. 3)

Individuals may also be subject to credit market impertewi either because they cannot sell
claims on their retirement benefits or because of informaagymmetries (see Diamond and Haus-
man (1984)). For analytical tractability, it is assumed tihase credit market imperfections take
the form of a non-negativity constraint on savingg,> 0. Hence, the Lagrangean of the rational



amounts to

Lir = U(chr— V(Inr)) + U(dnr) + Hnr((1 —t — b)Wnlpr — Shr+ T — CnR)
+0nRr(ShR+ DOWnInR 4B — hR) + YnrSiR, 4)

wherepnr, 0nr andynr denote the Lagrangean multipliers with respect to first-sewmbnd-period
consumption and savings. Yir > 0O, implying s,z = O, the individual wants to borrow against
his future pension benefits but the liquidity constraintverégs him from doing so. Denoting the
value of net consumption in period onexag = chr— V(Inr), the first-order conditions (FOCSs) of
(4) with respect t@ng, dnr, Sir andl,g are given by

0L
aC = U/(X;R) - IJ'l"lR - 07 UnR 2 0 (5)
nR
0L .
= U(dr) —0nr=0, Onr>0 (6)
aan
0L «
3o = MRTOmRtYR= 0, Yr>0, YnrSir=0 (7)
SR
aL * *
A = —U(XrV(ir) + Mr(1—t —b)wy + onrbaw, = 0. (8)
n

For rational individuals who are not liquidity constraineshjuations (5) to (7) yield/' (xig) =

U (dtg) which implies perfect consumption smoothirig; = d;;z. The price of period-two con-
sumption relative to period-one consumption is one. In @bt for liquidity-constrained ra-
tional agents, the FOCs amount ut{x,g) # U (d}g). The marginal value of period-one con-
sumption increases, so that the price of consumption ir@dwo relative to period one satisfies
U (dig) < U(X5R) + Ynr- The optimal saving decision can be summarized as

« [ O05((1-(t+(1+a)b)Wnlpg+T—B—=V(l;r) if Ywr=0
SR=9 0 if yor>0,

whereyn,r = 0 indicates either that the capital market is perfect or tipdiimal savings are non-
negative. Note that savings are increasing in ability f@arge range of possible policy parameters
since

gf‘vR =05(1—(t+(1+a)b)lig>0 for t+(1+a)b<1. 9)

Given the above relationship, the low ability rational iridual is more likely liquidity constrained
than his high ability counterpart. The optimal labor supipliyction |,z can be derived by solving
(8) for V() while taking (5) to (7) into account

V(lig) = <1— . <1— Eﬁii:g%) b) W, (10)

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




It depends on, b anda, and also ort andB for those who are liquidity constrained. As long as
there exists redistribution in the pension scheme, 1, labor supply of a rational agent is distorted
downwards since part of the worker’s contributions will eatitle him to higher retirement bene-
fits. Thus, in terms of deadweight loss from labor supplyadigins, pensions are less costly in a
Bismarckian than in a Beveridgean systéralowever, if the individual is liquidity constrained a

positivea is less efficiency enhancing as th / ”3 <1

Turning to the myopic agents. Ex post, the utility functianem in (1) with[3; = 1 is also that
of myopic individuals. Ex ante, however, myopic agentseatisrd the second-period afid= 0.
Therefore, their maximization problem amounts to

max  Unw = U(Cam —V(Inm))
Camslnm

Optimization of (11) yields the following optimal labor suip function
V(i) = (1—t—Db)w, (12)

In contrast to the optimal labor supply by rational agerdbol supply of the myopic agents is
independent of the Bismarckian factias they fail to factor in the link between higher earnings
and future pension benefits in a (partly) Bismarckian pensiystem.

Inserting the optimal values; andl}; back into (1) generates the following ex post indirect
utility functions for the rational unconstrained,g), the rational liquidity constrained/{z) and
the myopic individuals\(nv)

Vir = U((1=b—-t)wilir— sir+T—V(lgr)) + U(Sir+ bawnlpg + B)
R = Uu((l-b—t)wpligr+T—V(I5R)) + u(bownl g+ B)
Vam = u((I—b—t)wpljy+T1t—Vv(Igum)) +u(bawalyy +B). (13)
Although savings are zero for the myopic and for the liqyidibnstrained rational individuals,
indirect utility is not the same for both since they diffeitieir labor supply as long as the pension
scheme is not purely Beveridgean. As the rational indiMglgan always to do as good (bad) as

their myopic counterpart, namely by saving nothing and igngpthe link between labor income
and pension benefits, ex post utilities satidfy < Vg < Varforn=1,2.

2.3 Government’s Optimization

The government aims at maximizing the sum of individualitigd from a paternalistic point of
view. The paternalistic policy is selected with the goalrdfuencing the choices of individuals in

3For further discussion of the labor supply effects to théedént policy parameters, see Cigno (2008)
for rational liquidity constrained agents and Kaplow (2pfaé myopic individuals.



a way that will make them better off (see, e.g., Thaler ands&im (2003) and O’Donoghue and
Rabin (2003)). Therefore, the government maximizes a ba@#are function defined over ex
post indirect utilities given in (13), that all depend ontfisnd second-period consumption. The
intention is that ex post the myopic individuals in socieppeeciate having been forced to save
for retirement. As a benchmark, the next section deriveditsebest allocation before attention
is given to second-best solution achieved with the instnisiand information available to the
government.

2.3.1 First-Best

In the first-best solution, the government not only obsepmsluctivity but also the degree of
myopia. Hence, the government’s optimization problem cawhbtten as

max W = i ieni{u(cni—v(hi))+U(dni)}
n=_1i=

Cni,GniIni
2 R 2 R
s.t BniWnlni = Bni {Cni + dhi}, (14)
nzli:Zv‘ nzli:ZvW
where (14) is the resource constraint of the economy. Theisnlto the above problem yields
Xni=dhi=cC Vvni (15)
and IlellM < |2R:|2M- (16)

In the absence of information asymmetries, the governmgudlizes (net) consumption levels
across individuals and periods. The latter is due to therpalistic welfare criterion. First-best
labor supply is chosen to be the same for rational and myagénta but to be higher for high
productivity types. This first-best solution can be deadizied with individualized lump-sum

taxes and transfers among types and periods. In Sectidni2\8ill be shown that in the special

case where agents differ only in rationality, the first-tsdttion can also be implemented with
the policy instruments given ia.

2.3.2 Second-Best

To maximize welfare, given the above mentioned informaasgmmetries, the government has
five instruments at hand; the linear tax rate on labor inctrtiee linear pension contribution rate
b, the lump-sum transfersandB and the Bismarckian facter. The welfare function is given by
the sum over ex post utilities determined in (13),

2 R
wtbats) = 5 3 eu{u((L-t=buwnli+T-Se- Vi) +
n=1i=

Fu(Sg+ bawnl® + B) } (17)



The government taxes labor at a rasndb to finance uniform lump-sum transfersvhen young
and retirement benefitmiw,| i + B when old. This implies the following budget constraintsio# t
two transfer systenfs

tEwaly = T (18)
bEwnl;y;, = boaEwyl}i+ B, (19)

where Bwvyl 5 is used for the average income in society given by

2 R
n=1i=

The objective of the government can be written in terms, dfanda only by using the govern-
ments’ budget constraints (18) and (19) to eliminagndB:

w(tba) = Eu((1—t—bwals+tEwnly —Sir—V(In))
+Eu(sir+ b(awnly + (1 —a)Ewnly)) - (20)

Differentiating this expression with respectttdb anda and taking the behavioral responses of
the individuals into account yields

ow al al
S = E [u’(x;;i) <—Wnl;ji+EwnI;ji+tEwn a?') - (l—a)bd(d;i)Ewna—{”]
2 x
+ab'§ Bl (i)W O _ (21)
nzl nM nM/VVn ot -
ow { , aly 2 , dlim
— = E|[U(x}) (—WI*-+tEW ”'>}+ab BnmU (i ) Wn—
ab ' ha " ob n; MM 9
+E {u’(d;i) (awnlﬁi +(1-a) (Ewnlﬁi +bEwn%|Bi>>] =0 (22)
ow ok ol
- E {tu (X5 Ewn aa] +
E [bd(d;i) (Wnl;ji — Bwnlji+ (l—G)EWn%I(;i>] =0. (23)

Equations (21) to (23) reveal that in adjusting labor supgational agents take into account the
effects on their own life-cycle utility but ignore the eftean tax revenue, which is the difference
between what their labor supply produces and the portion dhe able to consume after the tax.
Myopic agents, by contrast, not only miss to take into actthmm effect on tax revenue, but also
on second period utility when adjusting their labor supply.

4As both transfer schemes are linearly conditional on theestax basev;l,i no welfare gains can be
achieved by cross-subsidizing the tax system via the pessioeme and vice versa.

10



An explicit solution cannot be derived from the above systéeruations which jointly deter-
mines the optimal tax rate the optimal pension contribution rabeand the optimal Bismarckian
factora. However, some interesting results can be obtained byamging equation (21) and (22)
and solving fort andb respectively. Even though this approach allows to discassesssues, it
must be kept in mind that the three variables are not indegrgnd

The Optimal Tax Rate

Rearranging equation (21) and employing the expectati@natdpr, the optimal tax rate for a
given pension contribution rate and Bismarckian factor anmt®to
~ Cov(U' (X)Wl i) — (1— O‘)bEU/(dﬁ“i)EWn% —boty , Ot ( ﬁM)Wna%

t= A L (29
Eu (x5 Ewn 5

Equation (24) nests the standard result in optimal tax thé&ee Atkinson and Stiglitz (1980),
p.407). Without any old-age social security schele, 0, this formula represents the traditional
trade-off between equity and efficiency given by

_ CovU (), Walri)

t al
Eu’(x;i)EWnW”'

(25)

The numerator reflects the distributional concern sincectivariance between first-period mar-
ginal utility and income can be interpreted as a welfareedaseasure of inequality. A large neg-
ative correlation makes a higher tax rate more desirable.dEmominator characterizes the costs
of redistribution in terms of the effective elasticity oktkax base. The optimal tax rate should be
lower if a higher labor elasticity indicates that the redlisttive tax implies a higher deadweight
loss. If taxation does not cause distortiodk;(/dt = 0), redistribution should take place until the
correlation between income and first-period marginaltytifanishes. Given both social security
systems, the nominator of equation (24) also captures thersal effects of a positive marginal
tax rate on the pension scheme. Lower labor supply due toitiveosx rate likewise cuts the
tax base in the pension scheme which in turn reduces the iBlgean part of the pension scheme.
The last term reflects the negative effect on the Bismargi#nhof the myopic agents, since com-
pared to rational individuals they fail to take into accothe link between old-age benefits and
contributions when reducing their labor supply due to taxat

The Optimal Pension Contribution Rate

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

(1—o)Cov(U (df;), Waly) — E [Walyy (U (d) — U/ (X)) — tEW (X ) Ewn g2

. al . al;
(1—o)Eu(dy) Ewn i + o 3 BnmU (diy ) Wn it

b= (26)

As in equation (24) the denominator reflects the costs ostedition in terms of the elasticity
of labor supply. The first term refers to the Beveridgean pérthe pension system whereas

11



the second term captures the distortive labor supply effentthe contribution related part of
the myopic agents. The equity concern is expressed by thdvilosterms in the numerator of
equation (26). Redistributional considerations over ifeedycle are indicated by the covariance
term; a negative correlation between first-period’s incaand second-period’s marginal utility
calls for a lower pension contribution rate and vice vershe $econd term reflects the desire to
smooth consumption over the life-cycle. For the rationad-fiquidity constrained agents this term
is nil since savings are chosen so as to perfectly smoothuogpiton. For the liquidity constrained
rational agents for whord' (d;;g) > U'(X;g) holds, this term calls for a lower pension contribution
rate in order to decrease ‘too high’ old-age benefits. Contfar the myopic individuals this term
requires a strictly positive pension contribution ratelss/tmiss to save for retirement. The last
expression in the numerator captures the adverse effeatpaditive 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 pemsiontribution rate on myopic
labor supply are independent of the optimal BismarckiartofacHowever, adverse effects on
rational labor supply depend anand are largest in a purely Beveridgean system. In order to
answer the question as to whether these efficiency losselseceettified by means of a positive
Bismarckian factor, the optimal marginal tax r&tendb* as implicitly defined by equations (24)
and (26) are substituted into the government’s objectinetion 7 . This yields an optimal value
function Q(a) = w (t*,b*,a), which relates a given Bismarckian factor with maximum abci
welfare if the government implements a linear tax and pensaheme. Evaluatin%%2 ata=0
while taking the envelope theorem into account, yields

da = b*Cov(U'(dyy ), Wnlpy) + (F*EU () + b"EU (dry ) ) Ewin Ol

| . 27)

The first term represents the redistributive impactiph positive Bismarckian factor is welfare
enhancing if Cow/(d}),wyl%) > 0. Then, consumption inequality over the life-cycle can be
smoothed by linking pensions to prior contributions. Inttast, a negative Bismarckian factor has
nice redistributional effects if the covariance is negatiVhe second term captures the efficiency-
enhancing effect on labor supply of the rational indivi(:!;,lggr;TR > 0 (see Appendix A.1), and calls
for a positive Bismarckian factor. Hence, a positive Bisth@n factor is more likely the higher
labor supply elasticity of the rational agents and the leggative correlation between first-period
income and second-period marginal utility.

To get a better understanding of the optimal design of thelitvear social security schemes,
the following two sections analyze the extreme settingsijpt= 0 (no myopic individuals) and
T} = 0 (no rational individuals) fon = 1,2.
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2.3.3 Only Rational Individuals

In this section the optimal tax and pension contributioesatre derived under the assumption that
society consists only of rational individuals. Settirfy = 0 and noting that/ (x5) = U'(d;5) for
rational unrestricted individuals (see Equations (5) 9, fhe FOCs of the government reduce to:
Cov(U' (Xr); Wl )

EU (XiR) EWH%
o Cov(U'(dig), Wnlir)

Eu (i) Ewn 58

Cov(U'(dr), Wnlpr)

EU (djg) Ewin 528

t+(1-a)b =

t+(1—a)b = (1- (28)

t+(1-a)b = -b
Given the above system of equations the following resultbmaderived:

PROPOSITION 1: If society consists only of rational individuals who face lsind-
ing liquidity constraint, the two transfer systems are getrsubstitutable and either
the tax or the pension system turns redundant.

The proof can be found in the Appendix A.2. The intuition mehthis result is that from the
point of view of the rational unconstrained individual orthe total tax rat€ =t + (1 —a)b and
total transferg + B matter. This can best be seen by noting that the individlitd'sime budget
constraint is determined by

Savings always adjust to perfectly smooth consumption nttemahether redistribution takes
place in the tax scheme while working, or in the pension sehetmile retired.

There are some more conclusions that can be drawn from equ&f).

(1) If the tax rate is chosen to be zetc: 0, the optimal pension parameters are determined
by £ = (1—a)b. Fora < 1, this implies that the two parameters are perfect subssitand any
optimal contribution-linked pension system can be refdideby a pure Beveridgean system by
settinga = 0 andb = &.° A pure Bismarckian systens, = 1, can only be optimal if there are no
redistributional concerns implying= 0.

(2) Any retirement benefit formula can be optimal as long a&srtfarginal tax rate adjusts
accordingly byt = & — (1—a)b.5 Fora < 1, both the pension and the tax scheme, embody

5This result is also shown in Biitler (2002) and Cremer et 81072.
SFor this result, see also Kifmann (2008) who studies thenmgitage-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 Bismaaokpension systera = 1, the only
effect of pensions on individual behavior is a one-for-orspldcement of private savings and all
redistributional concerns must be incorporated in the yakesn implyingt = €.

The above results hold only for perfect capital marketsJyimg that savings can be both, pos-
itive and negative. When capital markets are imperfect hadridividual cannot borrow against
his retirement benefits, the following result can be drawn:

ProposITION 2: If capital markets are imperfect and society consists ofiae
tional agents, the two transfer systems are no longer pestdastitutes. For ‘too
strong’ redistributional concerns, the optimal solutiam de implemented without a
pension system but not without a tax scheme.

The proof can be found in Appendix A.2. When savings areioéstt to being positive, it
matters from the individual’s point of view, whether redistition takes place while working or
while retired as ‘too large’ pensions may induce a bindigitlity constraint and, hence, lower
utility.

In sum, it can be said that the introduction of a linear pensicheme in a society with only
rational agents yields no additional welfare gains if theegoment has already implemented the
optimal linear tax scheme. This result is independent ortleteapital markets are perfect or not.
However, the reverse is not true. This conclusion is in slcargrast to the next section, where
the optimal policy instruments are analyzed for a societys@iing only of heterogenous myopic
agents.

2.3.4 Only Myopic Individuals

In this section the optimal pension and tax scheme are detfinéer the assumptions that society
consists of myopic agents only, implying = 0 forn=1,2. In section 2.3 it was already shown
that no pension scheme can never be optimal in a (partly) mysmziety. With respect to the
optimal type of the pension scheme the following result cadtawn:

PROPOSITION 3: In a society only of myopic individuals, the introduction atax
scheme does not change the result by Cremer et al. (2007ththaptimal pension
scheme is purely Beveridgean.

Proof: By noting thatdl ;,,/0a = 0 for myopic individuals (see the Appendix A.1), the firster
condition for the Bismarckian factor (equation (23)) siifie$ to

ow . . « % *
a—d = bE [U/( nM) (WﬂInM - EWnInM)] - bCOV(u/(an)7Wn|nM)-
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Sinceb > 0 with the made assumptions on utility, the above equati@gisal to zero foo = 0,
implying a flat pensiong.e.d.

In a completely myopic society there is no efficiency reasolink old-age benefits to prior
contributions and only the redistributive objective piissavhich yields the above result of equal
retirement benefits. With = 0, equation (22) and (21) amount to:

_ Cov(U'(Xgm), Wnlam) B (diw)
T R E [win] BTG @9
U (Xm) E | Wn at n
_ Enlan (U OGm) — U (diw))] | BU'OGm)
b = Eu (d*.,E lom tEU’(d*M)' (30)
U (dyw)E [Wn =3 n

Without a tax system, equation (30) reduces to equatiomn(@remer et al. (2007); the optimal
pension contribution rate then is larger, the greater tfierdnce between first- and second-period
consumption and smaller, the more elastic labor supply. tiéne tax system is welfare enhancing
can again best be seen using the envelope theorem. Subgtthig optimal pension contribution
rateb* as implicitly defined by equation (30) into the governmentgective function/ yields
the optimal value functio®(t) = w (b*,a* = 0,t), which relates a given tax rate with maximum
social welfare. Evaluatin%‘% att = 0 while taking the envelope theorem into account, yields

dQ
at

ol*
= B (K Wi+ EU () il + bEL (G By .
t=0

X
oliw

With the help of (21) evaluated &t= 0 and by noting tha% = i (see Appendix A.1), the
above equation can be rewritten as

dQ
dt

- (EV (xgm) — EU'(dfm) ) Ewnliy-
t=

Only for EU/(x),) = EU(d},) no tax system is optimal. AsuHdy,,) = U (B) is independent of
productivity and ' (x},,) increases with the difference in productivity, a positiae tate is more
likely the larger the variance in productivity. For smalffeiences in ability even a negative tax
rate, implying subsidization of labor supply, may be optima

2.3.5 No Productivity Differences

If there are no productivity differences between ratiornad anyopic agents, the following result
can be drawn:

PROPOSITION 4: If society consists of myopic and rational individuals whertbt
differ in productivity, the government is able to entirelffset the ex-post utility loss
due to myopia and to implement the first-best solution datexchby (15) and (16).
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Table 1: Summary of Theoretical Results

perfect capital markets imperfect capital markets

mixed society t=0,b>0,aZ0 tZ0,b>0,aZ0
only rational agents E=t+(1—a)b E=t, b=0

only myopic agents t=0,b>0, a=0 noimpact

no productivity differencesb= —t, a =0 no impact

Proof: It can be easily verified that= —t, a = 0 andc;,,, = dj;, solve the first-order conditions
(21) to (23) forwy =wp, =w. b= —t anda = 0 imply that labor supply is undistorted and equal
across both types,, = Iz = | which proves (16). As-tEwl* = —twl = —T = bEwg|;, = bwi =

B first- and second-period consumption of the myopic can beittew asxy, = wl —B— v(f) and

dy; = B. Due toxy, = dy;, pensions are given b = O.5(Wf—v(f)). It remains to show that
the solution to the first-order conditions (21) to (23) eqesd consumption levels across types
and entirely offsets the ex post utility loss due to myopiaclvhmplicates thaky, = dyj; = Xr =

dr, wherexg anddg are laissez-faireconsumption levels by the rational. With no government
intervention it is optimal for the rational agent to constiméhe first periodkz = wi — v(I) — &
and in the second periadk = & = 0.5(wi — v(I)). With b= —t, a = 0 andB = 0.5(wl — v(I))
first- and second-period consumption of the rational ardnanged but total private savings are
one for one replaced by compulsory saving8assg. Hencexy, =dy =Xk = dr and the ex post
utility loss due to myopia is entirely offsed.e.d.

The pension system redistributes income from the first ggdohe second to perfectly smooth
consumption, while the negative marginal tax rate de fadisiglizes labor supply to exactly offset
the labor supply distortions induced by the pension schefiselong as there are no redistribu-
tional concerns, utility losses due to myopia can be egtiofiset. Ex post utility is as high as
laissez-faireutility of a representative rational agelhy = Vig for n= 1,2. De facto, each agent
pays a lump sum transfer in the first period given-by, whereas in the second period each indi-

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

imperfect turns out irrelevant as private savings of thenal 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@egertaining the optimal policy in-
struments in a mixed, all rational, all myopic and a societthwo productivity differences. As
no definite results can be derived concerning the optimatdseand the Bismarckian factor in
a mixed society, the next section turns to a numerical examphis example not only reveals
the sign of those policy instruments but also illustratew ltlee optimal parameters of the two
transfer schemes change with the share of rational agediferent scenarios. Moreover, results
are compared with those derived in the framework modeledeyn@r et al. (2007) with only a
pension scheme.

3 Numerical Example

This section provides an illustration of the analyticalulessby means of numerical simulations.
In accordance with Cremer et al. (2007) the simulation i®8am the following functional form
for utility and labor disutility

Uni =In (Cni — I—ﬁ') + Biln(dni) v oni

The basic paramter values are giveri by
wp € {1,2,3}, wp,=4 and 6;=0.6.

To give a comprehensive illustration, computations arewbezl for different variances in produc-
tivity by changing the value ofv;. Table 2 shows consumption levels, labor supply and utility
in the laissez-fairesolution. For small values ofi; the ordering of net consumption is given by
KR < Xim < Xor < %om and the difference in productivity is expected to domindi@t in time
preference, implying redistribution from rich to poor. lontrast, forw; = 3 the ordering switches
to X1r < Xor < Xam < Xom and the difference in time preferences should be dominaitipg to
redistribution from myopic to rational agents. In line wttie empirical evidence, it is assumed
that the share of low productivity agents exceeds the sHdriglo productivity agents.

The following sections analyze the optimal transfer screfoethree different scenarios. Sec-
tion 3.1 presents the benchmark case in which the optimaypwistruments are derived under
the assumption that capital markets are perfect and thduptieity and rationality are uncorre-
lated. No correlation between the two characteristicsies@n equal share of rational and myopic

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

Type Wn  Xni dni  Ini U(Xni) Vi

M 1 05 0 1 -03 =
2 20 0 2 03 e
3 45 0 3 065 o
IR 1 025 025 1 -06 -12
2 10 10 2 0 0
3 225 225 3 035 0.7
2R 4 4 4 4 14 28
M 4 8 0O 4 21 e

individuals among both productivity types. Section 3.2Zxek the assumption of perfect capital
markets, whereas Section 3.3 assumes a positive correlaioveen ability and rationality which
requires a higher share of rational agents among the higghaptivity 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 correldd@ween productivity and rationality is
analyzed, implyingt, = 1§, = Ty andTi; = T = Tk. Table 3 presents the optimal values of the
government’s instruments for different values of ratiomalividuals, Tr, and different variances
in productivity w,. Variables denoted with a superscripare obtained under the assumption that
both transfer schemes coexist, whereas variables dendtiec \superscripf are derived under
the assumption that there is only a linear pension system@seimer et al. (2007). In calculating
these values, any liquidity constraints for the rationalividuals in society were assumed away
and hencez = 0.

The Pension Contribution Rate In a complete rational societyir = 1, one transfer scheme
turns redundant (see Proposition 1) which, here, is preduoiee the pension scheme. Far< 1,
Table 3 reveals that the generosity of the pension schenvermed byb*, is positive and stays
relatively constant across different shares of myopic tgeMyopic individuals undertake no
savings because their immediate ‘self’ induces them torgthint gratification. However, their ra-
tional ‘self’ would appreciate a government forcing thenptovide for retirement. Consequently,
it is optimal for the paternalistic government to introd@cpension system when the share of my-
opic individuals becomes positive. The three different patations forw; show that the optimal
level of pensions is almost independent of the variance adytivity. By contrast, the pension
contribution rate modeled in the framework by Cremer et2007) is higher for large differences
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Table 3: Perfect Capital Markets and no Correlation betvRreductivity and Rationality.

TR t* b* o w* b° a® w?e
wi=l 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
wi=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
wi=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 0.10 207 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 Tr = 1 government intervention is solely determined&s t* +b*(1— a*) (see

Proposition 1), the Bismarckian factor and one of the cbation ratest™ or b*, can be set
equal to zero, implying =t* =b%if b* =0o0r =b* =hCif t* = 0.

=

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

The Bismarckian Factor: As the intuition suggests, the optimal Bismarckian fagtoreases
with the share of rational individuals and, as proven in Bsijon 3, is zero when all agents are
myopic. Ina purely myopic society the efficiency enhancifigat of a positive Bismarckian factor

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

This expands the tax base which in turn provides for evergrgiandb higher lump sum transfers
in the two social security systems. Hence, the less myopligigiuals are in society the more the
optimal pension system moves away from a purely redistvibuBeveridgean system towards a
stronger contribution linked Bismarckian system. ThemptiBismarckian factor again turns zero
in a society composed only of rational individuals sincenta# redistribution can be achieved by
only taxing people in their working-age. In the frameworkdeted by Cremer et al. (2007) the
Bismarckian factor decreases with the variance in proditytit may even turn negative for a low
disparity in ability, indicating strong redistributive tefits. By contrast, in the framework used in
this paper, the Bismarckian factor hardly changes with #reamce in productivity. A closer look
at the optimal tax rat€" brings to light why this is the case.

The Tax Rate When the government has the opportunity to utilize the tgstesn as an
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additional instrument to redistribute, the objective Inelha negative (positive), namely to make
the system more progressive (regressive), can be achieveglefiiciently:

1. Forw; =1, and hence a large disparity in productivity, welfare maxation calls for
redistribution from rich to poor. In the framework by Crenaerl. (2007) this is achieved by
a negative Bismarckian factaf. With both social security systems, however, redistriuti
from high to low productivity types is obtained via the taxsgm by setting a positive tax
ratet*. The optimal Bismarckian factor continues to be positivenbance efficiency in
both systems.

2. Forwy = 3, implying a low disparity in productivity, even a negativarginal tax rate turns
out to be optimal. De facto the optimal tax system subsidiaber supply. At first sight
this result seems counterintuitive, since a negative matdax rate turns the tax system
regressive with respect to productivity; all individuasypghe same lump sum transfeit,
but the high productivity types receive higher absolutetaupply subsidies than the low
productivity types,twilqj| < [twaly]|, implying Ty < Ty; 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}, < Xnr for n = 1,2, the government mainly aims at redistributing
to the rational individuals in society. Due to a larger laBapply of the rational agents
for a > 0, a subsidy on labor together with a positive Bismarckiaridiaexactly meets
this goal. Moreover, subsidizing labor incorporates girefficiency enhancing effects;
a negative marginal tax not only boosts labor supply of thiemal agents, as a positive
does, but also encourages labor supply of the myopic agestxiety. This in turn expands
the tax base and provides for any giveanda higher transfers during retirement.

3. Computations fow; = 2 uncover that for moderate disparities in productivity »artte of
zero and, hence, no tax system may also be an optimal saolutidims case, redistributional
concerns are to low to offset accompanying efficiency lobyebe tax system.

To put it in a nutshell, the role of the government, measuretib(1— a)b is larger in a all
myopic society since then it pursues two goals (1) providorgold-age and (2) achieving more
equality. The extend of the tax system, measurett bgtrongly depends on the variance of pro-
ductivity in society and hardly on the share of myopic anéretl agents. The optimal marginal
tax rate increases with the variance in productivity stgrfrom being negative for small differ-
ences in ability. By contrast, the extent or generosity efgiension system is mainly determined
by the pure existence of myopic individuals, their share thieddifference in productivity do only
play a minor role for the determination bf. Hence, for a low variance in productivity the re-
distributional effects of the pension scheme are partlgatfby the tax scheme. Compared to the
results by Cremer et al. (2007) where the Bismarckian fgatys a strong redistributive role, in
this extended model it mainly performs the task of enhaneiffigiency in both systems.
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Table 4: Optimal Social Security Schemes for Imperfect GhpMarkets.

TR t¢ b¢ a‘ wt b° a° woe
wi=1l O 0.13 0.25 0 043 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 0.18 059 0.06 -0.15 -0.01
1 0.32 —* —* 0.61 0.04 -1.00 0.11
wi=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
wi=3 0 -0.15 0.25 0 204 0.25 0 1.95
0.3| -0.12 0.22 0.17 20% 0.25 0.47 1.99
0.6| -0.12 0.22 0.18 207 0.24 0.62 2.03
09| -0.12 0.22 0.18 209 0.24 0.71 2.08
1 0.06 —* —* 2.09 0.06 —** 2.09
* As stated in Proposition 2, fatir = 1 and imperfect capital markets, it is best to redistribute
only via the tax system.

** Here, redistributional concerns are too low to make thddigy constraint binding which
implies perfect substitutability betwe®f anda®.

3.2 Imperfect Capital Markets

This section shows results for the optimal social secutitycsure with imperfect capital markets
that may lead to a binding liquidity constraint if the maragtpension scheme is ‘too large’. The
net effects of the presence of liquidity constrained rati@gents for wha! (x5) > U’ (d;g) holds

if yar > O are very clear-cut. Since the low-ability rational indiwals are the first who may suffer
from a binding liquidity constraint (see equation (9)) ches in the optimal policy parameters
{t¢,b¢,a®} aim at equalizing their marginal utilities. In fact, simtiten results reveal that the
government controls these policy instruments to restarerte@mporal equality of consumption
implying X = dig (or equivalentlyy,r = 0) forn=1,28

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

8Note that the government faces two possible regimes. Therdigime implies perfect consumption
smoothing for the liquidity constrained rational indivals, whereas the second regime imphgs < dig
or Ynr > 0. Obviously, the optimum is in the second regime if equatingsumptions by the use of the
available policy instruments implies higher welfare Iesss€omputations reveal that this is only the case
forw; = 1 whentr = 0.3 or 0.6 and when the government has only the pension parameteaiaet h
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imposed on rational agents turns irrelevant and the optienadnd pension scheme are the same
as in Table 3. As the intuition suggests, in a mixed societgr@hational agents cannot sell claims
against their future retirement benefits, the optimal pensbntribution rate is always lower. By
contrast, for a society of only rational agents, no old-ageeiiits via a pension scheme are needed
and as stated in Proposition 2, all redistribution shouldlbee via the tax system because the
liquidity constraint is never binding and the same level effare as with perfect capital markets
can be attained. This result is in sharp contrast to theisalubh Cremer et al. (2007) where
welfare in a complete rational society is lower if the vadarin productivity is large. ‘Too strong’
redistributional concerns may induce a binding liquidipnstraint and hence lower utility for the
constrained agents.

The Bismarckian Factor. Regarding the optimal Bismarckian factor, results are deffer-
ent to those in Cremer et al. (2007). In their framework, théneal a may even turn negative,
implying targeting towards the poor. Here, in this more coghpnsive model, the optimal pension
scheme becomes more Bismarckian compared to the case witatpEapital markets. A stronger
link between contributions and pensions de facto reducka@é benefits of the poor which in turn
relaxes their credit constraint; the negative income éffgen 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 direetsdn the pension
scheme. Here, a relaxation of the poor’s liquidity constrés obtained via a positive income
effect when young by increasing the marginal tax rate whichenstrongly redistributes from rich
to poor in the first-period.

In sum, the existence of credit constrained individualsigas three policy changes compared
to Table 3. (1) The pension contribution rate or the gengradithe pension scheme is lowered.
(2) The pension scheme turns more Bismarckian, implyingdrigonsumption dispersion in the
second period. And (3) the tax system becomes more rediteh involving lower consumption
dispersion in the first period. Hence, higher consumptiequrlity in old-age seems to be optimal
from a redistributive point of view if society is partly comged of myopic agents and if capital
markets are imperfect, implyingjg > O.

3.3 Positive Correlation between Productivity and Rationéty

Up to now it was assumed that rationality and productivity @ncorrelated. This section relaxes
this assumption and analyzes the case of a positive cdorelaetween the two characteristics

Ty > T.°

9The analysis by Bernheim et al. (2001) gives some evideraentlyopia and productivity may be
positively correlated as they find that higher wealth is asged with a smaller decline in consumption
after retirement even though they have controlled for médayclycle arguments.
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Table 5: Optimal Social Security Schemes fgy > 1% .

e T TR[ % B% o @
wi=l 06 04 09 0.13 0.20 0.06 0.59
0.6 0.6| 0.12 0.24 0.09 0.54

wi=2 06 04 09 0.00 0.19 -0.08 1.29
0.6 0.6 0.00 0.24 0.11 1.25

wi=3 06 04 09 -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 transfemnses, indicated with a super-
script P, for 1, = 0.4 andt = 0.9. The chosen values ensure that results can be compared to
the above case with no correlation between rationality andyztivity since the overall share of
low and high productivity types and of rational and myopiests remains the same. However,
there is a shift in probability mass fromv2to 2R and from Rto IM agents. Giver®; = 0.6 and
6, = 0.4 the total share of rational agents amounts to

Tk = 0115+ 6,73 = 0.6 x 0.4+ 0.4 x 0.9= 0.6.

From comparing both outcomes the following conclusionskmdrawn. (1) When there are more
myopic agents among the low-productivity types, the gesigraf the pension system can be
reduced as myopic agents of low ability require lower old-dgnefits to smooth consumption
over their life-cycle than their high-ability countermari(2) The optimal tax rate hardly changes.
And (3) for moderate to small disparities in ability the opsl Bismarckian factor may even turn
negative implying targeting towards the poor.

Interestingly, welfare is higher in a society where prodiitst and rationality are positively
correlated than in a society where the two characteristesiacorrelated. This is due to the fact
that the role of the government, measured by(1— a)b, is reduced and with it accompanying
labor supply distortions.

4 Conclusion

Cremer et al. (2007) study the optimal linear pension patarsevhen society consists of indi-
viduals who do not only differ in productivity but also in iatality. Rational agents may also
be liquidity constrained. Myopic agents have ex ante a gtpmeference for the present and un-
dertake no savings, even though, ex post they rue theieealdicision. The social objective is
assumed to be paternalistic, aiming at maximizing the sumxgbost utilities. This paper has
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extended the model by Cremer et al. (2007) by introducingrime taxation. The main results can
be summarized as follows:

(i) In a completely rational society where individuals diffonly in productivity and where
capital markets are perfect, the objective of the goverrrisepurely redistributive. Every given
degree of redistribution can be achieved with only one ofttaesfer systems and either the tax
or the pension system is redundant. However, if rationdliddals are liquidity constrained, the
two transfer schemes are no longer perfect substitutedak¥elan still be maximized having only
the tax scheme, but it may be reduced having only the penslmn®e as in Cremer et al. (2007).

(ii) If a society is also composed of myopic agents, the pgnscheme is needed to ensure old-
age consumption. Compared to the Cremer et al. (2007) frankewhe generosity of the pension
system hardly changes. However, the degree of redistiburi the pension scheme, captured by
the Bismarckian factor, may be reversed. When the goverhhsnthe opportunity to utilize the
tax system as an additional instrument to redistributepthective behind a negative (positive)
in the Cremer et al. (2007) solution, namely to make the syst®re progressive (regressive), can
be achieved more efficiently with a positive (negative) tater The optimal Bismarckian factor
stays positive to enhance efficiency in both systems.

(iif) Numerical simulations show that the generosity of flension scheme is mainly deter-
mined by the pure existence of myopic agents, whereas thgimahatax rate strongly depends on
the disparity in productivity. It increases with the di&ice in productivity starting from being
negative for small differences. Both, the tax and the pensamtribution rate, hardly change with
the share of rational agents. By contrast, the optimal Biski@n factor increases with the share
of rational individuals, but stays relatively constantass different variances in productivity.

(iv) When capital markets are imperfect results changehis éxtended framework, only
quantitatively; the optimal level of retirement benefiti@d@ases in order to relax an otherwise
binding liquidity constraint of the poor rational. Moreoythe degree of redistribution increases in
the tax system, whereas it decreases in the pension schepuntiast, the degree of redistribution
in the Cremer et al. (2007) framework becomes a non-morofaniction of the share of rational
agents.

To keep the analysis tractable both transfer systems weteresl to be linear. Cremer et al.
(2008) and Tenhunen and Tuomala (2007) relax this assumatid allow for non-linear trans-
fer schemes. However, this approach does not allow themrteedexplicit results on how the
policy instruments should be optimally designed. Addiélhy) results strongly depend on the
informational assumptions by the government.
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A Technical Appendix

A.1 The Effects oft, band a on Labor Supply

This appendix derives the effects of the various policyrimsents on labor supply and savings of
the myopic and the unconstrained rational individual.

By employing the individual budget constraints to elimaat; andd,; from the utility func-
tion, the maximization problem is given by
Uni = u((1—t —b)Wnlni + T — Bisni — V(Ini)) + Biu(Bisni + botWnlni + B) + YBisni
The first-order conditions for labor supply and savings are
—Biv (x5) + Biv' (dy;) + YniBi = O, (31)
U (30) (1=t = b)wn — U'(x)V (1) + B (i) borwy = 0. (32)

A.1.1 Myopic Agents

For the myopic individualB; = 0, the FOCs given in equation (31) and (32) reducélte t —
b)w,—V/(1:1) = 0. Hence, labor supply effects can be simply computed wifhrtiplicit function
theorem which yields

dom Wh

Al W 3l
_ _ 0 and 2 _g
b V() <9 an

ot V(%) ool

<0,

A.1.2 Unconstrained Rational Agents

For the unconstrained rational individual, wheélie= 1 andy,r = 0 which impliesu/(x'g) =
U'(diz) and therefore alsa” (xz) = u”(d}g), total differentiation of the FOCs given in equation
(31) and (32) yields
—2u" () dsr — 2U” (Xyr)bawndlfg = A
V' (IFp)dlir = Al with
A% = U (xr)bWhlprda + (14 U’ (X)Wl jrdb + U7 (Xir) Wal prdt
U (Xy) B — U (Xie) T
Al = bwyda —win(1— o)db — wdt

These equations can be written as the following linear syste

—2u" (G p)bow,  —2u"(XR) | |dlig| | A
V(i) 0 R”dsij_lﬂ']' 9



Inverting (33) amounts to

dijg| 1 0 20" (X R) NS
dsr| D |-V(ir) —2u"(xg)baw, || A

where the determinant, given Iy= 2u”(x'z)V’(I;;r). IS negative with the assumptions made on
utility and labor disutility. From this solution the varislabor supply effects for the unconstrained
rational agent can be found:

alir Wi ol (1—a)wy ol bw,
o Vi O b Vi oo ™ e v (59
A.2 Proofs

A.2.1 Proof of Proposition 1

Proof: Making use of (34) and noting that C@v(xg), Wnlr) = Cov(U' (d;g), Wl /) for rational
unrestricted individuals, each equation in (28) can betamias

t1 (1 a)p= SO CaR)- Wnlng) (35)
U (Xr) EWn 5

The right hand-side of (35) depends on the expresssio(il — a)b; equalizing first- and second-
period consumption defined in (2) and (3) and solving forrsgsiamounts to

U (r) = U'(0.5((1— (t+ (1—a)b)) Walr — V(I5R) + (t+ (1 — a)b) Ewnlgg)) (36)
With (36) and by defining =t + (1 — a)b, equation (35) can be rewritten as

Cov(U'(0.5((1— &) wnljgr — V(I3r) + EEWnliR)), Wl iR)

EW (0.5((1— &) wnlig — V(1) + EBWnliR)  whl i) Egrtis

(37)

Sincel;r = V~1((1—&)wy) the solution to (28) is solely determined By This implies that the
tax and the pension system are perfect substitutes and eidhb can be set equal to zerg.e.d.

A.2.2 Proof of Proposition 2

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

« ) 05((1=(1+a)b)wiligr—V(lr) —B) if Yhr=0
S“R_{ 0 " " if yar>0. (38)
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If the pension scheme is ‘too large’ the individual wants ¢orbw against his retirement benefits,
but as the liquidity constraint prevents him from doing sediptimum is in the second row of (38)
ands)z = 0. However, with no pension system= 0, the optimal savings decision reduces to

« S O05((1-t)walig+T1—V(liR) if Yr=0
SR=Y 0 if yar> 0,

where the first row can be also writtengig = 0.5xz. Sincex; s is always chosen to be positive
with the made assumptions on utility, savings will never aat to zero. Therefore, the problem
of being credit constrained is only present when the goventnmplements ‘too large’ mandatory
saving via a pension scheme. With no pension system thalifguionstraints,g > 0 is non-
binding and the solution to the individual's and governngeoptimization problem with imperfect
capital markets is identical to the one with perfect capiiatkets forg =t andb = 0. g.e.d.
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