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Abstract

This paper develops a new life cycle model that aims to describe the savidgsset
allocation decisions of boundedly rational agents. The paper’s mairetiadicontribution
is the provision of a simple, tractable and parsimonious framework within wigehta
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1 Introduction

Within the last fifteen years it has become common to look aniiral life cycle decisions
through the lens of what may be dubbed the buffer-stock moftigle cycle saving (Carroll,
1997)! This represents the modern form of the economic life cycle@hoAccording to this
model, individuals maximize the discounted sum of perguegxpected utilities, while being
exposed to non-insurable labor income shocks, and whilegamorrowing constraints. This
model has been partially successful in that its numericadligtions come relatively close to
empirically observed consumption and savings profiles theslife cycle. The model has been
much less successful when it comes to asset allocation.idmdbpect, the model is basically
unable to explain the data in a reasonable way. In particidlarmodel predicts rates of stock
ownership among the population that are far to high. Funtioee, it typically also predicts
equity portfolio shares that are substantially higher thbserved in the data. Importantly, this
holds for a wide variety of circumstances, including thesprece of fixed costs of stock market
participation or the possibility of extreme labor incomesks, among others.

Taking one step back, there is a more general reason why ncampmists are concerned
about the modern life cycle model. As has been argued fdtgdfy Richard Thaler (1994, p.
187), “saving for retirement appears to be a domain wheraauodsts should be particularly
worried about the issues raised by bounded rationalityis T likely to hold not only with
respect to retirement saving but more generally with resjodde cycle saving and asset allo-
cation. Subsequent studies have formally establishedRichtrd Thaler has had a point. Allen
and Carroll (2001) have explored whether boundedly ratiagahts could plausibly learn the
life cycle model’s predicted behavior, starting with tréadd error. Their finding is staggering:
Yes, but it would take about one million years! Intuitivellge reason is straightforward. There

is little opportunity to learn how much to save and how to Biwat the ages of 30, 40, 50 etc.

IRepresentative studies include, among others, Hubbard €395), Carroll (1997), Laibson et al. (1998),
Cocco et al. (2005), Scholz et al. (2006)

2See Section 6 for a further discussion.



Moreover, positive or negative feedback from one’s actansarticular ages lags substantially,
which further slows down learning. Lettau and Uhlig (1998)bnstrate that it is even ques-
tionable whether consumers would ever learn the “right2 rith other words, it is by no means
guaranteed that learning would lead to convergence to ttimalssolution of the model.

The main reason why decision making is so complex in the ch#®anodern life cycle
model (henceforth called the standard model) is its requerd of full contingent planning. As
mentioned above, the model assumes that agents maximidestiseinted sum of expected per-
period utilities from consumption. Suppose that an agerkesia savings or asset allocation
decision today. In order to do so, she is required to antieipar optimal decisions in any future
contingency. Otherwise, the expected utility terms in thgcative function would simply not
be defined. In other words, it is not possible to decide on vghaptimal today, independently
of deciding on optimal actions in the future for all possibtentingencies. In the presence of
a realistic amount of uncertainty, decision making thusobses extremely complex and full
contingent planning may greatly exceed the capabilitidgsooihdedly rational agents.

This paper takes it as given that it is desirable to searchlfernative models that offer a
more plausible description of financial life cycle decisimaking by boundedly rational agents.
The search for such models is also driven by the hope thawtbeld be better able to explain
observed asset allocation choices, while explaining aopsion-saving choices at least equally
well. The approach | pursue is to cut out the main source ofptexity in the standard model,
namely full contingent planning. The difficulty of develagi such new models of bounded

rationality stems from the fact that there is no existingrfeavork to build orf. The provision of

3The importance of this has often been downplayed by refgtahe argument that agents do not actually need
to solve this complicated problem, but they may behave “ahédy knew how to solve it. Since Milton Friedman,
it is common to refer to the example of a billiard player whoyrba very good at directing the movements of his
balls, even if he is ignorant of the equations describingeh@ovements. There is a key difference between life
cycle saving and playing billiard, however. While the billigolayer has the opportunity to train under identical
circumstances as often as he likes, this possibility israhieehe case of life cycle saving. You are 30 years old just
once. Moreover, if the as-if argument did hold, then we waxplect it to be much better at explaining individuals’
asset allocation choices.

4See, for instance, the following quote from Laibson et aB9@, p. 101): “It is not clear how to [weaken
assumptions about consumer sophistication] in a parsimsnand realistic fashion.. .() There are no well-



a new framework for modeling forward looking saving and stweent behavior in the absence
of full contingent planning is the main theoretical conttibn of this paper.

In all other respects, not related to the issue of full cageim planning, | closely follow
the standard approach. For instance, | do not dispense hétldéa that behavior is generated
by a kind of underlying preference structure and will hengeassume that behavior is driven
by rules of thumb. | will also continue to assume that agentdeustand, at least intuitively,
the arithmetic of intertemporal budget constrathfBhe strategy | pursue is to depart from the
standard model in steps, rather than switching the paradfgire analysis in a radical way by
assuming rule-of-thumb behavior.

The main idea of the new framework developed here is thatiohails have someasibility
goals with respect to their future standards of living. Techlly speaking, agents want to assure
that certain choices lie within their future budget setg] are hence feasible. In the standard
model, agents are concerned about thetual future standards of living in different states of
nature. Instead, in the feasibility goals (FG) framewoxeras care only about tHeasibility
of certain future standards of livings. They never decidéheir actual choices in advance. Itis
exactly this feature of the framework that eliminates thedhfor full contingent planning and
substantially simplifies decision making.

When calibrating the model | find that it predicts consumppoufiles that closely resemble
the respective profiles predicted by the standard model.ederywhen it comes to asset allo-
cation choices, the model is much better able to explain #ta. dSpecifically, the model can
explain why the young typically stay out of the stock mark&g&cond, the model is consistent
with relatively low equity shares for those who do parti¢goa the market. Third, the model
is consistent with the fact that low-income earners tendmenter the stock market. Finally,
conditional on stock market participation, equity sharesease with permanent income.

The paper is organized as follows. Section 2 briefly dessribe new model developed in

developed bounded rationality models applicable to thelpro of life-cycle saving.”

SIt would be straightforward to relax the latter assumptiofiture work.



this paper in an informal way. Section 3 discusses the oglsltip to the existing literature.
Section 4 introduces the model formally. Second 5 discusseslibration. Section 6 briefly
discusses some stylized facts about how consumption,gseind asset allocation vary over
the life cycle. It contrasts this facts with the predictiaisexisting models. Section 7 presents
calibration results for a baseline specification as wellbasifhost of alternative specifications.
Section 8 concludes. The computational algorithms thatsed to solve the model are outlined

in an appendix.

2 A Brief Informal Description of the Model

The model developed in this paper assumes two simple fégsdnals. These goals are spec-
ified in a way such that they give rise to both a desire for gadet] the desire to enjoy high
expecteduture standards of living. As a consequence, agents facpleirisk-return trade-
offs when making their savings and asset allocation detssamd they engage in precautionary
saving.

The first goal is dubbed the insurance goal. It entails asguhat the minimally feasible
levels of future standards of living are never below sometioa of current consumption. In
other words, agents do not want to forgo the possibility efstoning at least some given frac-
tion of current consumption in the future. This fraction necline with the distance between
the current and a particular future period. The insurana gy be seen as reflecting habit
formation or loss aversion. Alternatively, it may just beseas a simple precautionary planning
device for boundedly rational individuals that exhibitiséting behavior. The insurance goal
triggers a precautionary savings motive.

The insurance goal implicitly relates to a future worstecasenario. Clearly, the latter
should be understood in practical terms rather than lierttlreflects a scenario for which the
probability that things turn our even worse than for thistipatar scenario is very low. In the

model developed in this paper the worst-case scenaricsrefdow financial and non-financial



income levels in every future period of life.

The second feasibility goal refers to the feasibility of atam (higher) standard of living
in the future, provided that a “normal” or average scenaraienalizes. This goal is pursued
by accumulating wealth and is therefore dubbed the accuionlgoal. The accumulation goal
captures the desire of enjoying an increasing standardingliof “becoming rich,” or the desire
to save in order “to enjoy a sense of independence and therpgowle things, though without
a clear idea or definite intention of a specific action” (Keyn&936). A normal scenario is
defined as the branch of the event tree where all random Vesitdke on their expected values,
conditional on current information.

Agents are assumed to apply an algorithm that determinegrade-offs are made between
achieving the goal of a high level of current consumptioe, ittsurance and the accumulation

goal.

3 Relationship to Existing Literature

Existing behavioral life cycle models include the mentalamting model of Shefrin and Thaler
(1988), models of hyperbolic discounting (Laibson, 19@ny the loss aversion model of Bow-
man et al. (1999). The issue of full contingent planning i atdressed in this literature.
Gabaix and Laibson (2000, 2005) provide models of shos-that individuals may use when
working through a decision tree, such as removing brancltédaw probability. An important
difference between the FG model and the models of Gabaix afixban is that the latter deal
with decisions where a choice is made only once at the baggrofia probabilistic event three.
In contrast, there is generally a multitude of subsequeoitels to be made in the FG model.
An early attempt to find an alternative to full contingentrpiing models has been made
by Pemberton (1993). In his model agents maximize discouekpected utility of current
consumption and so-called future sustainable consumjav@bs. The sustainable consumption

levels refer to a flat consumption path that, in expectatwold just exhaust total life time



resources. It is thus equal to permanent income in its stdndaaning. The main difference
between the model of Pemberton and the one developed hdvat isis model is grounded in
the discounted expected utility model. In contrast, the F&leh more generically represents
a model of bounded rationality where thinking about the rieitis confined to a few scenarios
and decision making is determined by the desire to achievainagoals that serve as reference
points. While Pemberton does not provide any analysis oft afieeation choices, his model
seems less promising for explaining such choices. It woellikiely to face the same difficulties
than standard expected utility models.

Binswanger (2006) develops a simple goal-based two-periedcycle model which is
dubbed threshold goal model. This model coincides with t@enkodel in the special case
where there are only two periods, such that decisions ang roalde once in the initial pe-
riod. The two-period setup is basically static in nature #radissue of full contingent planning
does not arise. In Binswanger (2006) it is demonstrated ligastatic goal model explains the
cross-sectiorof savings and asset allocation choices very well in corsparto other existing
models. In contrast, the issue of this paper is to provide dahihat explains how savings and

asset allocation vargver the life cyclevithin a truly dynamic setting.

4 The Model

For simplicity, the basic decision making unit of the modelai household with a constant
number of member’. | will refer to this household as the “agent.” Letdenote the current
period or, equivalently, current age. Over the agent’sdifans fromT;, where she starts to
work, to ageT’, after which death occurs with certainty. The analysisralst from lifetime
uncertainty, since this would raise additional issues #énatunrelated to the main topic of the
paper.

At each age the agent makes three choices. She decides how much to cenisonmuch

6See Section 7.3 for a specification of the model where thea$ittee household changes over time.



to invest in a risk-free bond, and how much to invest in ristgcks. This is a prototypical
decision problem that has been analyzed in the literaaume captures the nature of financial life
cycle decisions in a stylized way. An important omissionasi$ing. The inclusion of housing
would not provide any conceptual difficulties, but it wouehder the model less parsimonious
and less comparable to the existing literature. It is thusraato omit housing in a first step.
Denote current consumption ly, current bond investments ldy, and current stock in-
vestments by;. The crucial feature of the model is that at @gle decision maker does not
know what her future decisions will be at different knots loé tevent tree. However, she is
concerned about what consumption levels woulddasiblein the future. Denote by, ; the
(random) level of consumption that is feasible at a futuretag i, = 1,2,...,T7 — ¢, from
the perspective of age given the current level of wealth and given current infatioraabout
future income streams. Similarly, denotethy,;, s, the levels of bond and stock investment
that are feasible at time+ ¢ from the perspective of age Concerning the subscripts, | apply
the convention thatjt + ¢ = ¢ — |¢| for i < 0. Thus,t|t = ¢, for instance. In accordance with

the relevant literature it is assumed that

bt\t+i >0, St|t+i >0 (1)

forall t and0 < i < T — t. This means that borrowing or short-selling of stocks iduked.
Clearly, future feasible choses depend on scenarios ossifthe world that will materialize.
For simplicity, the notation does not make this dependerpBai.

Denote the constant risk-free real per-period return otisdayr. Furthermore, denote risky
real per-period stock returns by. It is assumed that stock returns are distributed iderical
and independentlyiid) over time. Thus, only the realizations gf depend on time, while
the time subscript for the random variable can be droppeds dssumed thabr® > r and

rémin < wherers™® = min r®. Thus, expected stocks returns are higher than bond returns

’See e.g. Cocco et al. (2005) and Gomes and Michaelides (2005)



but minimum stock returns are lower.

At each age the agent earns an exogenous and possibly risky stream dinsocial in-
comeY,,;, 0 < i < T —t. This income may be composed of transitory and permaneicksho
components and, in expectation, follow a typical hump-sllaqurve over the life cycle. Thus,
the process fo¥;, Y;; is generally notid. It will be specified more fully in Section 5. Denote
future non financial income conditional on information aeady Y;,;,. The intertemporal

budget constraint is then given by
Ctlt+i + bt|t+i + St|t+i = }/;i\t—‘,-i + bt|t+z‘—17’ + 5t|t+i—lrf (2)

forall t and0 < ¢ < T — t. It is assumed that the agent has unbiased knowledge of the
distribution of future income streams. Furthermore, shassumed to understand (at least
intuitively) the arithmetics of budget constraints. It iduie straightforward to relax these
assumptions, but this is beyond scope of this paper.

| turn now to the definition of the insurance and the accuntagoal which, in turn, are
used for the statement of the FG algorithm. This algorithayglthe role ofpreferencesn
traditional analyses of intertemporal decision makingréives convenient to introduce a more
compact notation. Let,; = (Cyrsi, bijeyis Syers), 0 < @ < T — ¢ denote a choice that is

feasible at age + ¢, and denote the set of all feasible choices attage by

Byji4 (Zt\t+i—1a Yt\tﬂ) = {Zt|t+i € %i D Colgi Tt bt T+ St < Yijewi + Ogjegioar + St\t+i—17’f} .

The insurance goal is then defined as follows.

Definition 1 A current choicgc,, by, s;) satisfies the insurance goal if, for a given sequence of

nonnegative numbe@i}?z}f (whereay = 1), there exisb? b

* *
tlt+ir Stlttir Stlt+i+1 (where

:|t+i+1’
by =0, s}y = 0), such that

* *
(aich bfjti» 3t|t+z‘) € Bijyi



and

% *
(%‘+1Ct> Dijt-yit1s St|t+i+1) € Byjryin

forall i with0 < i < T —t — 1 and all values of* andY;,, that are taken on with positive
probability, given information available in (The latter two random variables are implicit in

the definition ofB;, ;).

Achieving the insurance goal means that a specific fractioof current consumption re-
mains feasible in the future under all circumstances. Timtudes the worst-case scenario
which corresponds to a sequence of lowest possible values &ndY;,,,. The fractiona;
may depend on the distance between the current pergodl a particular future periot+- i.

By definition,ay = 1. In principle, the sequencgy;} is unrestricted and could even be non-
monotonic (except that the elements are to be nonnegatideyvever, when it comes to a
baseline specification for simulating the model, it is dslie to severely restrict the flexibility
of the model and thus its degrees of freedom. For the basgtieeification it will thus be as-
sumed thaty, = (a*)i, 0 < a* < 1, which just offers one free parameter. This specification
includes an element of “discounting.”

Similar to models of habit formation or loss aversion, theurance goal refers to a reference
point that is proportional te;. This represents a particularly simple specification. $fuass
that choices fulfillinge,;;; > a;c, in all future contingencies are always feasible if financial
markets provide an asset with a strictly positive minimutamein all possible future states of
the world?®

An example may illustrate how knowledge of the budget camsts is sufficient to deter-
mine whether a choice fulfills the insurance goal or not. Gigrsthe case of three periods,
where an agent earns in the first period and earns no non-financial income in thesroth

two periods. Suppose, for simplicity, that the agent cary amlest in bonds, not in stocks.

8See Section 5 fore a more detailed discussion.

SWhile, in principle, the minimum return of any financial assetero since even the U.S. government could
go bankrupt, it is common and practical to assume that thastsea risk-free interest rate.



The present value of future “habit consumption” is thHeft + “27-. Thus, anye, for which
w—c; < =2 4222 will not fulfill the insurance goal. Thus, the insurance gogboses a lower
bound on current consumption. In the general case whereemt agn also invest in stocks,
the insurance goal also imposes a lower bound on the proparfisavings invested in stocks,
as stock returns have a higher downside risk than bondslldi®that it is possible to decide
whether a choice fulfills the insurance goal or not in the abs@f any knowledge about future
actual consumption levels, i.e. in the absence of full caygit planning.

The next step is to define the accumulation goal. The accuionlgoal represents a target
standard of living that an agent wants to be feasible fromestuture age/™ on in case that a
normal scenario evolve$. This normal scenario is defined as the branch of the deciséen t
where every random variable takes on its expected valuengnformation at age

The standard of living that will be feasible from some futage7™ > t depends not only
on choices made at agebut also on savings and asset allocation choices betwaad 7.
Thus, in the absence of knowledge of future actual decisithiesonly way to determine what
standard of living will be feasible from adgé* on is to go through a hypothetical accumulation
scheme that is feasible from timen and, in turn, leads to feasibility of a particular stanldar
of living from ageT™ on.

This hypothetical accumulation scheme works as followsrtStvith a particular level of
current consumptior;. This fixes the level of agesavings. Identify now all portfolios,
corresponding to different equity shares, for which thaiiaace goal is met. Among these
portfolios, identify the one with the highest expected netand thus the highest equity share.
Choose the latter portfolio for the determination of the Hjpptical accumulation scheme. The
accumulation goal captures thus a “speculative” motiveawirsys.

Making the transition to the following period, assume thaick returns as well as non-

financial income will be drawn according to the normal scenaAssuming a hypothetical

10An agnostic specification that will be used when calibrating model isT* = % This should be under-
stood as the expected value of a random variable that isramifaistributed over the remaining ages. See Section
7.3 for a different specification.

10



level of consumption kept fixed at for the following periods, this accumulation scheme can be
iterated until agd™. The accumulation goal is then defined as the hypothetiealtymulated
balance at agé&™, divided by the remaining number of lifetime periods, to e it in per-
period units. This approximates a standard of living thdeasible from agg™ on under the
accumulation scheme just discussed, provided that theal@renario will materialize. Since
the level of the accumulation goal depends on the initiaiahof ¢;, the value of the goal
should be understood as a functionegf The FG algorithm discussed below will determine
how the agent makes a trade-off between the conflicting gdashieving a high; and a high
level of the accumulation goal.

More formally, given a choice,,;, denotely (ct|t+i) the set of all feasible portfolios
(byjess» See+4) such that the insurance goal is satisfied f@f.1, byje+i, si1+:) € Byers. The set
L,.+; may be empty for high values ofj,,. In this caseq;cy1i, 1 < j < T —t — i, may not
be reached in the future even if all savings are invested mi&oGivenc,,,; and, implicitly,

a level of accumulated wealth of;,,; := Yjjyi + byjei17 + Sepqi—175,; Which determines

Byji+i, define (b ) as the element oy, ; (cye1;) With the maximal value fos,,...

tt+ir Stlt+i
This represents the portfolio with the highest expectedrnetor which the insurance goal is

still met. If I,,; is nonempty such a portfolio exists. It is assumed that,rgive,;, the agent

considers to chooséb;w, s;‘m) in order to “implement” (hypothetically) the accumulation
goal at age + 4. (It will become clear from the FG algorithm discussed betbat L, ,; will
always be nonempty along the “optimal” trajectory.) Furthere, the agent projects a choice

of ¢4 = ¢;. Wealth is accumulated (hypothetically) according to
Apjigivr1 = EtYipip + b/t|t+i7“ + S;\t+iETS> (3)

which corresponds to the normal scenario. It is now possibtgve a precise definition of the

accumulation goal.
Definition 2 Takec, € B, as given. If all setd;;,; (¢;), 0 < i < T* —t — 1, are nonempty,

11



then the value of the accumulation goal, denotedipy:, is equal toA, -/ (T — T*), where

Ayr- is defined by equation (3). Otherwisgr- = 0.

Note that, according to this definition, ;- is well defined for all values of, € B,. Itis

now possible to give a formal definition of the FG algorithm.

Definition 3 The feasibility goals (FG) algorithm is implemented by wogkthrough the fol-
lowing steps.

Step 1. Identify the element Bf with the highest level af, such thatl, (¢,) is nonempty.
Denote this element byand the corresponding value afby ¢,.

Step 2. Ifé, < ¢ (wherec > 0), then implemeni. Otherwise go to step 3.

Step 3. Choose the elemen®fwhich maximizes

In(¢;, —¢) + BT t1n (at‘T*) , 4)
where0 < 3 < 1.

The first step just means maximizing subject to meeting the insurance goal. Necessarily,
step 1 leads to a choice for which stock investments are Zé®reason is that minimum stock
returns are lower than bond returns. If stock holdings westiwe and the insurance goal is
fulfilled, stocks could be substituted by bonds and, at threesame, consumption could be
increased, such that the insurance goal would still be ledfil As a result, the original choice
with positive stock holdings was not optimal.

The parameter, which appears in step 2 and is assumed to be greater or eqmeid,
represents a “normal standard of living.” Think of this paeder as the real dollar value of the
expenditures on an “average” consumption bundle. The pateamis treated as exogenous.
It acts as a reference point or goal value for current consiomf budgets are relatively low.
To see this, note that far > 0 we will always have’; < ¢ if the budget is sufficiently small.

In this case step 1 implies that the decision maker has twts gddne first is to achieve the

12



insurance goal and the second, conditional on the first,itmley as close as possible to It

is only when this latter goal is achieved that the accumuihagjoal is triggered in step 3. From

a mathematical point of view;, > 0 has the effect of separating out a set of small budgets for
which the accumulation goal is not activated. The lattes thas the status of a “luxury” goal.

Clearly, the most parsimonious specification of the modeidgsane where = 0.1! In this
case the model would not be able to explain that equity slaregalth accumulation increase
with permanent income, which is observed in the dat&eyond this, | believe that it is of
natural interest to consider the effect that such a referetandard of living has on savings and
asset accumulation choices.

The objective function (4) in step 3 specifies the way in whihdecision maker is assumed
to solve the trade-off between her goal of enjoying a higlelle¥ current consumption and of
the accumulation goal, in case that the latter is activa(Bldbte that the desire to achieve the
insurance goal is implicit in the definition of the accumidatgoal.) The parametérmeasures
the preference weight the decision maker assigns to theradation goal relative to present
consumption. The weight depends on the distance betweeentage and the future ddié,
which is the age the accumulation goal refers to. The pammethould not be understood as
a genuine discount factor, as it does not specify overal fimeferences. Rather, it refers more
narrowly to the accumulation goal and captures thus thagtineof the desire to enjoy a high
standard of living in the futur& Note that (4) does not include any element of risk aversion.
The only source of risk aversion in the FG model comes frond#ésre to meet the insurance
goal.

As has already been mentioned, the FG algorithm plays tleeafopreferences in stan-

dard analyses. The decision maker is assumed to follow thal§@ithm at each ageanew,

11See Section 7.3.

125ee Sections 6 and 7.

3Note that the sequen({@éi}fz’f includes some element of discounting if it is falling ovend, such that the

decision maker is less concerned about the downside riskragtndard of living in the far-distant future than in
the near future. See Section 5.
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irrespective of her earlier choices and plans. Thus, datisiaking can be seen as time-
inconsistent. However, this inconsistency arises fronommglete planning rather than from
a convex pattern of discounting. At each adbke decision maker focuses only on a worst-case
scenario, by means of the insurance goal, and on a“normalias®, by means of the accu-
mulation goal. Reducing the complexity of an event tree tovarEpresentative scenarios is
a plausible feature of decision strategies for boundedipmal agents (Gabaix and Laibson,
2000, 2005).

It is of interest to briefly discuss whether the outcome off&algorithm is well defined.
Note first the budget sel3,,.; are compact and convex. Furthermore, itis quite straigivdiod
to show that the sef;;; are compact and convex if they are nonempty. It can be shoatn th
r > rs™in jmplies that there is a unique elementBf for which ¢, is maximal under the
constraint thal, (¢;) is to be nonempty.

Step 3 is somewhat more tricky. Note first that (4) is equal tousiinfinity if a, - = 0.
Thus, the agent will never choose a levelepffor which one or several of the selg,; are
empty (see Definition 2). In the absence of the borrowing taimgs in (1),a,7- would simply
be a linear function of; in the relevant domain where the insurance goal is feadtibavever,
its shape is more complex in the presence of borrowing cainsst Ifc; is sufficiently low, then
the insurance goal would be feasible even with an equityeslager than one. However, an
equity share larger than one is not feasible in the presdrio@mwing constraints. As a result,
s;‘T* becomes a piecewise linear functioncf Similarly, b;‘T* is a piecewise linear function
of ¢;, since bonds are zero for low levels @Qfand increase linearly at higher levels@f It
can be shown thabftlT*r + 3;|T* E7y is a monotonically decreasing, piecewise linear and cancav
function of ¢; in the relevant domain where the insurance goal is feasgleh( that the sets
L.+, are nonempty). An induction argument can then be used to ihé& the accumulation
goalay - is a monotonically decreasing, piecewise linear and canfiawction ofc,. Since the
composition of a concave function and an increasing andas@itinction is concavén (at‘T*)

is a concave function af,. This finally implies that the objective function (4) is cave. It is

14



even strictly so, which follows from the piecewise lineptf ;- and the strict concavity of

the logarithmic function. As a result, there is a unique l®fe; that maximizes (4).

5 Calibrating the Model

Although the FG model could be solved analytically for soryized cases, it is more inter-
esting to study its quantitative predictions, in order t;mpare them to empirical estimates and
to simulation results obtained in the literature for corti@mal preference models. It should
be mentioned here that | will only report simulation resiitischoices made during working
life. Since the FG model as presented here does not takeaotmat mortality risk nor bequest
motives, it would not be well suited for explaining savingslasset allocation choices during
retirement. As a result, their analysis is beyond scopeisfaiper.

Calibrating the model requires a specification of the parametdf the FG algorithm, of the
process for non-financial income, and of bond and stockmetuirhey shall be discussed in
turn. The computational solution of the model is sketcheahimppendix.

Concerning the time setup of the model, an individual is agslio start working at agg,,
which is set to 21, to retire at the beginning of dgeset to 66, and to die with certainty at the

beginning of agd’, set to 86. The model is simulated at an annual frequency.

5.1 The parameters of the FG algorithm

Applying the FG algorithm requires specification of the satpe{«; }, of 5, ¢, andT™. Starting
with the sequencéq;}, | chooseq; = (a*)i as a baseline specification, whdre< o* <
1. There are two reasons for this specification. First, it is/y@arsimonious and requires
specification of only one parameter. Second, it capturesvara simple way the idea that
decision makers may be less concerned, or may think lestutgr@about negative events in
the far-distant future than in the near future. This is mi&sty to happen on an intuitive or semi-

conscious level. It is rather unlikely that many individaiéiterally engage in careful financial
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life cycle planning, at least at early ages. In this sensesfiecification of the sequenfe; }
captures thus a particular element of discounting.

The baseline value far* is set to .96, which is chosen as follows. As mentioned in the
introduction, Binswanger (2006) provides a cross-sectianalysis of savings and asset allo-
cation in a static model, corresponding to the FG model irdggenerate case where there are
only two periods and itis only in the first period where agenéke any decisions. By construc-
tion, such a setup does not allow for any variation of condionpsavings or asset allocation
over age. In Binswanger (2006) this model is calibrated inybzstd way, assuming that the
length of the planning horizon amounts to 30 years. Fittheyrmodel tocross-sectionatiata
on savings and asset allocation choices, the value obt&inelde parameter corresponding to
a; at a time horizon of 30 years is .27.In order to impose discipline and to limit flexibility,
baseline parameter values in this paper are set such tlyatdhespond to the parameters that
best fit cross-sectional data in the case of the static mdd#loose thus a baseline value of
o = 0.96 such that{a*)* ~ 0.27.

Turning to¢, the best-fit value found in Binswanger (2006) amounts to &Y year-2001
U.S. dollars. Section 7.3 also provides simulations fomtleee parsimonious case where- 0.
Concerninggd, the best-fit annualized value for the cross-section castisWhile this value
leads to modest equity shares in the static setup, it leadsatwvely high equity shares in the
dynamic model of this paper (see Section 7.3). By constra¢hie static model with a planning
horizon of 30 years restricts people to hold the same pastfor 30 years. In contrast, the
dynamic model with period lengths of one year allows agemtslbalance their portfolio every
year. It is well known from the literature that increases @xithility increase the willingness to
take risk in standard expected utility models (see e.g.i&pR001). The same holds for the FG
model. Thus, a value fg# of .94 should be scaled down in order to obtain a suitableteopart

value for the dynamic model. | thus set the baseline valug tor.90. Remember that should

This number should not be interpreted as implying that thesemption level that individuals would like to
have at all costs during retirement would be only .27 of tixrking life consumption. See Binswanger (2006).
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not be understood as a genuine discount factor but morewlgras the annualized preference
weight of the accumulation goal. Thus, a valuedfdoes not seem particularly low.

The baseline value for the paramefer, representing the age that the accumulation goal
refers to, is set t@t + 7") /2, rounded downwards. This can be understood as the mean of a
uniform distribution over all remaining life ages from timen. It represents thus an agnostic

specification. (See Section 7.3 for an alternative spetidicd

5.2 Non-Financial Income

Non-financial income is thought to include mainly labor ime® but also unemployment bene-

fits or income from Social Security etc. Following Cocco et(2005), | assume that
S/l;, - FtPt‘/;fa (5)

where

Py = b1 Uy, (6)

during working life. F; represents a non-stochastic component of non-financiamecthat
determines the general shape of this income over the lifeeggadhe absence of shocks (see
Figure 1).V;, andU, are mutually independenid random variables with a mean of one, where
V; € [V, V] andU, € [U,U]. U, represents a shock component which has a permanent effect
on non-financial incoméy; represents a transitory shock component.

Cocco et al. (2005) report estimations for (5), (6), as wefoashe standard deviations of
the logs ofV;, andU,.r®> The calibrations here are based on their estimations fdr &@pool
graduates. Starting with the assumption thiaandV; are distributed lognormally, | truncate
the distributions of/;, V; by settingU andV to the first percentile of their original lognormal

distribution, while keeping expected values at a value &*8rThe resulting values fa/ and

15See their Tables 1, 2, 3.

16Note that the FG algorithm requires only specification of sieimum and expected values of all random
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V are .97 and .81, corresponding to a decline in non-finans@me of 3 and 19 percent,
respectively.

During retirement, it is assumed that non-financial incosngiven by
)/;3 = pYR—lMt7 (7)

The parametep represents a “replacement rate "and is set tol&. € [M , M} represents a
medical expenditure shock. The idea is that the medicalrekpee shock reduces the amount
of income that is available for normal spending. The baselialue ofM is set to .6. For
simplicity, it is assumed that this shock is realized at Bgend is fully permanent. This means
that Mr,; = My for1l < i < T — R. Furthermore, it is assumed thatMz = 1 for
Ty, < t < R — 1. Clearly, this specification is very stylized. The advantag¢his is that
it keeps the simulations transparent. Since the paper éscois savings and asset allocation
decisions during working life, this stylized specificatisimould not be seen as problematic.

All simulations in Section 7 are run for the case where, ex,pos shocks occur. This,

again, keeps the simulation results particularly transmaaind easy to interpret.

5.3 Bond and Stock Returns

Bond returns are assumed to be risk free and to amount to 2pgeeyear. Furthermore, | set
annual expected stock returns to 6 percent and their stéud@aration to its historical value of

.15717 Stock returns are assumed toilteover time. For a simulation of the FG algorithm it
IS necessary to specify minimum stock returns. | do so staktiith the assumption that stock
returns are lognormally distributed with a mean and stathdawiation as mentioned above.

The distribution is then truncated by setting minimum stoeturns to the first percentile of

variables involved.

"These assumptions are fairly common. See e.g. Campbelliag@a/(2002).
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the original lognormal distribution, while keeping expetttreturns at 6 percett. The gross
minimum return amounts then to .74 per year, which corredpdn a net return of minus 26
percent. Again, all simulations in Section 7 are run for theecwhere, ex post, stock returns
always take on their expected values.

Table 1 summarizes the parameter values for the baselicdispgon.

6 The “Facts” about Saving and Asset Allocation and the
Predictions of Existing Models

One major aim of this paper is to explore whether the FG moateliges a good explanation of
individuals’ observed consumption, savings and assetalon choices during their working
life. Before turning to the simulation results it seems thane useful to discuss some of the
empirical “facts” regarding the variation of consumptsevings and asset allocation choices

over the life cycle. These are contrasted with the predistf existing life cycle models.

6.1 The Empirical “Facts”

Researchers estimating age profiles for consumption/ss@ngd asset allocation choices face
a fundamental identification problem. Both choices areyikelbe influenced not only by age,
but also by the fact that a person is member of a certain coagnvell as by the state of the
economy at a particular time. From an econometric point efvyit is not possible to identify
these three effects separately without invoking specifsuiaptions. The reason is that an
individual’s age is a deterministic linear function of itsth year (which determines his cohort)
and the time at which data is collected. As a result, it isdiffito infer “true” age profiles for
consumption/savings or asset allocation choices. Thistp®idiscussed in a illuminating way

in Ameriks and Zeldes (2004).

18Thus, all minimum values of the exogenous random varialfltreeanodel, i.e. shocks to non-financial income
and stock returns, are set to the first percentile of thegrimaily assumed distribution.
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In a recent study, Feamdez and Krueger (2007) explore how consumption expeeditu
vary over the life cycle. Their study is based on the U.S. CoresuExpenditure Survey. The
authors solve the identification problem mentioned aboveadssuming that time effects are
orthogonal to a time trend. Their main finding is that constiompexpenditures are hump-
shaped over the life cycle. When not controlling for the faettthousehold size typically varies
over the life cycle, household consumption expenditurke tan their peak value around the
late forties. The peak value is about 60 percent higher tbaswumption expenditures during
the early twenties. From the fifties on, consumption faksdily, reaching the level of the early
twenties around the age of 65. When filtering out the effechainging family size, the hump
reduces to about half its size. For total expenditures tlak palue is now achieved during
the early fifties and is about 30 percent higher than consiemeipenditures during the early
twenties. Again, expenditures decrease steadily fromtahewage of 55 on.

The variation of asset allocation over age is addressed bgriksmand Zeldes (2004).
Again, they are confronted with the problem of separategntdying age, cohort and time
effects. The authors tackle this problem by estimating agéles twice, once excluding time
effects and once excluding cohort effects.

Ameriks and Zeldes (2004) provide estimates for the vaniediver age of both, the decision
of whether or not to participate in the stock market and, sdcof what share of savings to
invest in stocks, conditional on participating in the stat&rket. The evidence on stock market
participation can be summarized as follows. It is fair toaade that stock market participation
is low during the first half of the twenties, say between 10 a@dgbercent. Thus, most young
people do not participate in the stock market. The parti@parate increases up to about
50 percent at the age of 40. If there were no cohort effectscgaation would then slightly
decrease to about 40 percent at the age of 65. If there wemmaeffects the participation rate
would increase up to 80 percent.

Turning to equity shares conditional on stock market pgodition, the picture is as follows.

In the absence of cohort effects equity shares are rouginistant at 40 percent over the entire
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life. In the absence of time effects, equity shares stadvib&lO percent in the twenties and
steadily increase to about 90 percent at the age of 65. Whileallity both time and cohort
effects are likely to play a role, Ameriks and Zeldes (200vle a number of reasons why
they give priority to their specification without cohortetts over the specification without time
effects. According to their most preferred estimation,iggghares conditional on stock market
participation are thus basically fl&t.

Table 2 presents some evidence on the variation of equityestaverincome Based on
the 2001 wave of the SCF, the table reports median equity shiareparticular age/income
cells. Note that equity shares are zero for those who do nicipate in the stock market.
The table suggests that, for all age categories, membertsediro bottom income quintiles
typically do not participate in the stock market. In contrasembers of the upper quintiles
do participate. While the evidence of Table 2 is descriptivé thhus only suggestive, potential
biases would have to be very strong in order to overturn theadsgradient effect concerning
stock market participation. There is also rather strondewte that equity shares increase with

income among stock market participants.

6.2 Predictions of Existing Models

Existing life cycle models come in several variants. Mospartantly in the current context,
some more recent studies allow for investments in two diffefinancial assets such as stocks
and bonds. Other studies assume that there is only onenmeespossibility, typically a risk-

free bond. Since the FG model aims to explain both the gelexellof savings and the share of

1%The estimates of Ameriks and Zeldes (2005) discussed sadabased on the U.S. Survey of Consumer
Finances (SCF). One potential concern may be that the detinpaofiles may be confounded by the fact that
people beyond a certain age are more likely to have accesapger-sponsored pension plans. This does not
seem to be a main issue, however. Ameriks and Zeldes alsidprestimations based on data from the TIAA-
CREEF institution, thus only including individuals who dovieaaccess to pension plans. While the stock market
participation rate is substantially higher for the TIAA-ER sample, the general shape of both the participation
profile and the profile for equity shares conditional on pgpttion are remarkably similar to the curves obtained
for SCF data. This does not only hold for equity shares refgno total balances, but importantly so also for
inflows
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savings invested in stocks (which may be zero), | only distwese the predictions of existing
life cycle models which allow for both stock and bond invesits.

Such models successfully explain that consumption ineseasth age up to some peak
level. However, the peak occurs to late. Empirically, theastomption profile decreases after
the age of 50. In contrast, predicted consumption profilek paly after retirement (see Cocco
et al., 2005). This remains true for many deviations fromstiaadard framework (Cocco et al.,
2005; Gomes and Michaelides, 2003; Polkovnichenko, 2807).

Turning to equity holdings, the performance of existing ®lsds quite disappointing. Un-
der standard constant relative risk aversion (CRRA) prefegnend taking into account lig-
uidity constraints and a labor income process such as (&)ptidiction is that stock market
participation is universal. In addition, equity shares@medicted to be much higher than typi-
cally observed in the data. Specifically, equity shares ezdigted to be close to one until the
age of about 40. Thereatfter, they are predicted to decredg8eatirement where they reach
a level of about 50 percent on average (Cocco et al., 2005% ddmtrasts with the empirical
picture, according to which a large part of the young do neatigipate in the stock market.
Furthermore, equity shares are roughly constant at 40 pefoe those participating in the
stock market; or, if there are non-negligible cohort efeequity shares may increase for those
participating in the market.

The prediction that equity shares are far higher than eogligstimates over a large part
of the life cycle is very robust across existing models. \Righ equity shares occur even
when taking into account the possibility of very low reatinas of labor income or endogenous
borrowing constraints (Cocco et al., 2005), fixed costs aflstoarket participation and Epstein-
Zin preferences (Gomes and Michaelides, 2005) or habitdtion (Gomes and Michaelides,
2003, Polkovnichenko, 2007). The conclusion from this & the search for models that come

closer to explain the data remains an issue.

2Opredicted consumption profiles come closer to the data in @eeith endogenous borrowing constraints
(Cocco et al., 2005). However, equity shares are not wellafixgd within such a setup. (See below for equity
shares.)
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7 Calibration Results

This section presents the results from simulating the FGehd&ee the Appendix on how to
solve the model computationally.) A first subsection préséme main results for the baseline
parameter values. A second subsection discusses predictitth respect to a variation in
permanent income. A third subsection discusses a hosterhative specifications. For all

these alternative specifications only one parameter age/fedm the baseline value at a time.

7.1 Results for the Baseline Specification

Figures 2 and 3 present the results for the baseline casesdlideline in Figure 2 refers to
consumption. The dashed line represents non-financiaiacd he dotted line represents total
income including financial income, which is endogenousesindepends on the agent’s savings
and asset allocation choices. Note that the horizontaliaxisstricted to ages of working life,
as the model is less suited for explaining decisions dumtigement.

Consumption tracks income very closely until the age of 3%eGthat individuals cannot
borrow against their future income the amount of liquid fsitigiat are available to them is low
during early ages. At the beginning of the twenties, curlignidity is not sufficient to finance
a consumption level abovewhile, at the same time, meeting the insurance goal. Thusnap
choices are determined by step 1 of the FG algorithm, i.avithaals’ principal goal is to come
close to a normal standard of livirig The only motive to save is to achieve the insurance goal.

At the age of 27 the standard of liviags reached, such that from then on optimal decisions
are determined by step 3 of the FG algorithm. This means ligaa¢tcumulation goal is trig-
gered. As a result, individuals start to participate in ttoelks market (see Figure 3). However,
consumption is still close tg such that the marginal value of an increase in consumpgistili
relatively high. This keeps total savings at a relatively level until the age of 35. After the
age of 35 savings start to increase substantially. While #ebgtween non-financial income

and consumption narrows after the age of 45, the gap betwsmesumption and total income,
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including income from bond and stock holdings, widens ustirement. Overall, it is immedi-
ately evident from Figure 2 that pursuing the insurance aedmaulation goals is sufficient for
achieving a very smooth consumption profile.

Comparing the consumption profile in Figure 2 to the simuiatiesults for the standard
model in Cocco et al. (200%)reveals that the FG model comes astonishingly close to the
predictions of the standard model. For both models savingssightly higher at the very
beginning where young savers accumulate a small “buffexkstdSavings are then very low
until the age of 35. In both models the gap between consumptinal non-financial income
widens from the age of 35 on, peaks around 45 and becomeséngsmall again. In the case
of the standard model consumption crosses non-financiahieat the age of 55. For the FG
model consumption stays slightly lower than non-financiabme, at least in the case of the
baseline calibrations.

Figure 3 presents the predicted profile for equity sh&dquity shares are defined as the
ratio of total stock holdings to total financial assets, kg (b; + s;). As already mentioned,
agents are predicted to stay out of the stock market untagieeof 26, since optimal choices are
determined by step 1 of the FG algorithm. As discussed in@edt step 1 of the FG algorithm
implies that stock investments are zero. Individuals stagarticipate in the stock market as
soon as the accumulation goal is triggered at the age of 2&ce@kter, equity shares increase
up to 50 percent at the age of 45. From there on they stay rpughistant until retirement.

The reason for the increase in equity shares between thetgésand 45 is that the down-
side risk associated with future income declines substiintover time. Since the effects of
a sequence of low realizations of the permanent income shomkmulate over time (see (6)),
the uncertainty about future income and hence its downssiteincrease with the number of
periods that lie between the current and a particular fyperéod. In this sense, a 25-year old

faces more future income risk than a 45-year old. To put ifprmmore things can still go

21See their Figure 3(A).

22The raw outcomes of the simulations for equity shares agbthjiwiggling. The equity shares in Figure 3 and
all following figures are smoothed using a moving averageathing algorithm.
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wrong for the 25-year old than for the 45-year old. The forsierply has more opportunities
to pick a long chain of low realizations of the permanent meshock. It is precisely this effect
of decreasing future income uncertainty which leads eghgres to increase until the age of
45. Remember that the simulations have been run for the caseyndx post, no income shocks
occur, i.e. the shocks always take on their expected values.

Whether equity shares are flat, increasing or decreasing thfteage of 45 turns out to
depend on the size of the lower bound of the medical expamdghock). The medical
expenditure shock has almost no influence on equity sharestprthe age of 45 (compare
Figures 3, 5 and 7, drawn fav/-values of .6, .5 and .75, respectively). The reason is that i
lies too far ahead in the future. Remember that agents do it tevdet their future feasible
standards of living fall below‘c,, where: represents the distance between the current and a
particular future period. In early ages retirement and behe date of the realization of the
medical expenditure shock lie far ahead in the future, sbatuf is very low. When agents get
closer to retirement, the uncertainty of future labor ineostill decreases, as described in the
last paragraph. This tends to raise equity shares furtremeMer,o”~* increases as agents get
closer to retirement, at which the medical expenditure kmoaterializes. This makes agents
more prudent and tends to decrease equity shares.

The net effect on equity shares may then be positive, negatineutral. It happens that it
is neutral in the baseline case (see Figure 3). In the caseewh@amounts to .5 (instead of .6),
equity shares decrease after the age of 45 (see Figure®)idfequal to .75 then equity shares
continue to increase after the age of 45 (see Figure 7). &guand 6 show that lower (higher)
medical expenditure uncertainty leads to lower (highev)rggs, without affecting the overall
shape of the consumption profile.

In the case of asset allocation there is no close coincideeteeen the predictions of the
FG and the standard model at all, unlike in the case of consamprofiles. For the FG model
(in the baseline case), equity shares increase from zer® fefent until the age of 45 and

then stay at this level until retirement. In contrast, in skendard model equity shares amount
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to 100 percent until about the age of 40, where they start toedse gradually to 50 percent,
which is reached upon retirement.

While the equity share profiles that are predicted by the FGaihdal not directly coincide
with the preferred estimations of Ameriks and Zeldes (20@4@y nevertheless come much
closer than the predictions of the standard model. First ARG model is consistent with the
fact that many do not join the stock market from the very beigig?® Second, with respect to
equity shares conditional on stock market participatibe, EG model is able to predict levels
that are realistically low compared to the standard modaithermore, the model is consistent
with a flat profile from the age of 45 on.

The favorable performance of the FG model raises the qurestiether this model just
offers some additional degrees of freedom that are abséme istandard model. The FG model
may indeed be seen as slightly more flexible than the standad#| with CRRA preferences,
which underlies much of the analysis in Cocco et al. (2005)weéiler, what is crucial in
this respect is that existing preference models have giffaiutties to generate low overall
equity exposures even when the flexibility of the setup istjyancreased, e.g. by assuming
Epstein-Zin preferences, habit formation, by assumingrogeneous preferences, by including
fixed costs of stock market participation, endogenous kong constraints, by assuming the
possibility of a disastrous labor income shock, among gplossibilities?*

| conclude from this that the favorable performance of themk@lel is not due to a partic-
ularly high degree of flexibility. Rather, it is likely to stefrom the fact that it is more in line
with an intuitive kind of reasoning that drives behavior otindedly rational beings. In partic-
ular, according to the model, the young should reason tlegtfdce a lot of career uncertainty.

They should wait and engage in the stock market more seyiamy when this career uncer-

23|n fact, they may not enter the stock market at all. As has Imeentioned previously and will be discussed
further in the next subsection, the FG model further predicat if income is sufficiently low over the entire life
cycle then agents will never enter the stock market. Theoremsthat choices are then always determined by step
1 of the FG algorithm. In contrast, in case of the standardehdle level of permanent income does not have any
influence on stock market participation and equity shaieseghese preferences are linearly homogeneous.

245ee Cocco et al. (2005), Gomes and Michaelides (2003, 2808)Polkovnichenko (2007).
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tainty has sufficiently been reduced. This logic is highlpitive and hence plausibly guiding
the behavior of boundedly rational life cycle savers. Hosveit does not at all correspond to
the logic of the standard model. There equity shares arehigtyuntil the age of about 40.
The reason is the following. For the relevant class of exgukatility preferences it turns out
that the prospect of facing an increasing labor income grofith a high probability provides a
substitute for risk-free savings. Hence, the young shawldst all savings in stocks (see Cocco
et al., 2005, for an illuminating discussion). Accordingpersonal experience of the author,
even most economists are rather surprised by this resuitisSoot completely unexpected that
normal people don’t seem to take the logic of the standardetnaglan intuitive guideline for

their investment behavior.

7.2 The Variation of Stock Market Participation and Equity Shares with

Permanent Income

Figure 8 shows how the FG model’s predictions with respeastet allocation differ for various
levels of permanent income. The solid line correspondséditiseline case. The dotted line
corresponds to a case where non-financial income is 50 gdovesr than in the baseline case
at any age. Similarly, the dashed line correspond to a caseewion-financial income is 50
percent higher than in the baseline case at any given age.

It follows from Figure 8 that the FG model is able to predict 8tock holding patterns that
are apparent in Table 2. In particular, if income is 50 perbethow the baseline level, agents
will never participate in the stock market since the accatioh goal is never triggered. Con-
ditional on stock market participation, equity sharesaase with a higher permanent income.

The ability of the model to explain that stock market papi@tion and equity shares increase
with income depends crucially on the assumption thatgreater than zero. Forequal to zero,
these choices would not react to proportional increasesimanent income. Furthermore,
equity shares would always be strictly positive (see Figie Remember that expected utility

models with CRRA as well as Epstein-Zin preference are not abéxplain any variation of
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savings or asset allocation choices with permanent incemee these preferences are linearly

homogeneous.

7.3 Results for Alternative Model Specifications

Figures 9 and 10 refer to the case where 0 (whereas all other parameter are set to baseline
values). This is certainly the most parsimonious speciticadf the model. In this case only
step 3 of the FG algorithm is relevant. Furthermore, the rhisdgpecified by basically only
two free parametersa*, and g (apart from7™). For¢é = 0, consumption is slightly lower
than in the baseline case up to the age of about 50 and highezafter, since agents have
accumulated more wealth. Equity shares are substantiglhehthan in the baseline case. The
young participate in the stock market right from the begugnalthough their equity shares are
very low. Thus, if there were any substantial costs for pguditing in the stock market, the
young would probably stay out of the market evendet 0.

Figures 11 and 12 refer to the case where .94. This is the best fit value fos obtained
in Binswanger (2006) for the cross-sectional setting carsid there (see Section 5). All other
parameters are again equal to their baseline levels. Nigfuwwansumption is slightly higher in
this case at later ages since agents accumulate more wEaiklstems from the fact that equity
shares are generally higher than in the baseline case, Isaicagents accumulate more wealth.

Figure 13 and 14 show simulations for a specification wheieindexed to family size.
In particular, it is assumed that the household unit copgitone adult person until the age
of 24. At the age of 25 a second adult person with the same age fjoe household unit.
The couple is assumed to get a first child at the age of 30 andeam@d@ne at the age of 33.
Children leave home at the age of 18, i.e. when the parentsgga 48 and 51, respectively.
| use the equivalence scales reported in Badez-Villaverde and Krueger (2007) to index
to the family size?® Specifically, | assume that the baseline value of 27,000-géai U.S.

dollars refers to two adults and one kid. Using equivalerades, a profile for is calculated

25| follow the authors using the mean equivalence scales regan their Table 1.
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for the family history as mentioned above. This profile igtheed for the simulations shown in
Figures 13 and 14. The consumption profile resembles cltiselyaseline case. Sincés now
lower during the twenties than in the baseline case, stockehparticipation occurs from the
beginning on. Furthermore, due to the hump-shaped profiteaxjuity shares increase beyond
the age of 45.

For the baseline case it is assumed that= 1/2¢ + 1/2 T. Figures 15 and 16 show
simulations for the case whei®& = 2/3t + 1/3 T'. Thus,T* moves closer to. As a result,
consumption becomes slightly hump-shaped. Equity shaeeslso hump-shaped in this case.

Overall, the consumption profiles resemble each other Uesely across all specifications.
Furthermore, equity shares are always very low if not zenhéntwenties and increase there-

after. The precise shapes of the equity share profiles depetite details of the specification.

8 Conclusion

This paper provides a new life cycle framework in which ageltt not engage in full contingent
planning but pursue two simple feasibility goals. The pagfews that pursuing such goals
is sufficient for obtaining very smooth consumption profilégedicted consumption profiles
are very similar in shape to the profiles for the standard ewegeutility case. In contrast,
the pursuance of feasibility goals leads to a much lowertgagxposure than in the standard
model. In particular, the feasibility goals (FG) model imsstent with the fact that low-income
earners and many young do not participate in the stock markeise who do participate choose
relatively low equity shares. As a result, the FG model isdvéhan existing preference models
at explaining the empirical patterns of stock market pgréitton and the variation of equity

shares over the life cycle.
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9 Appendix: The Computational Solution of the FG Model

For each age the simulation starts with step 1 of the FG algorithm. As expd in Section 4,
step 1 impliess; = 0. Furthermore, the requirement of meeting the insuranceigquies for
each value of, a corresponding level of bond investments. From a compuraltpoint of view,

it is easiest to find this level of bond investments using &Wacd calculation. Specifically, set
the terminal valuér in the recursiorb,.; = max { (3t+¢+1 + (10 — ming YHM) /r, 0},

0 <i<T-—t—1tozero. The required level of bond investments for a giveallef ¢; is then
obtained by solving this recursive equation backwardbfolThe choice that solves the step-1
problem of the FG algorithm is determined by the fact that b (c;) = Xy, whereX, denotes
the total level of resources that are available atiag#mple algorithms can be used to find the
optimal level ofc;.

According to step 2 of the FG algorithm, the optimal choicthesoutcome of step 1 when-
ever the resulting value af falls short ofc. Otherwise, the step-3 problem has to be solved.
In order to do so, start with a particular level @f In order to evaluate the function (4), the
value of the accumulation goal - has to be determined. Remember that the accumulation
goal is defined as the result of a hypothetical accumulatiom faget to ageT™ such that, in
each period, consumption is kept constant, &nd a portfolio is chosen for which the value of
stocks is maximal, under the constraint the the insuranaélgs to be met.

Given a starting value af, savings are equal t8; —c;. The first step is to find the maximum
value of stocks;; such thab, + s; = X; — ¢; and the insurance goal is met. Although not very
efficient, the simplest algorithm would solve this probleynstarting with the highest possible
values; = X;—c¢;. To check whether this choice allows to meet the insuranagigs sufficient
to check whether this goal can be met if, from the next periodatl savings are invested in
bonds, since minimum stock returns are smaller than bomdn®t Furthermore, consumption
is set to the habit level in all following periods. Check thusether the insurance goal can be
met by setting consumption in the next periodht@; and bond investments in the next period

to min; X;,1 — a1, and, iterating further, setting,; = a;¢;, by ; = ming X,y — i
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The insurance goal is feasible if all valulgs; are nonnegative far=1,2,..., 7 —t — 1
and Xt > ag_;c;. If this holds for an initial values;, = X, — ¢, then this and, = 0 is the
optimal investment choice at agéor the chosen initial value af,. Otherwise repeat the same
procedure for gradually smaller valuesspfand higher values df;, until the highest value of
s; Is found for which the insurance goal can be met. (Possiblyitsurance goal cannot be
met for any portfolio, in which case the accumulation gokétaon a value of zero.) In order to
continue the calculation of the accumulation goal, stitldaiven initial value ot;;, one has to
iterate over time the process of finding the highest levetadlsinvestments that is compatible
with meeting the insurance goal, taking into account equa8). This will finally lead to a
value of the accumulation goal for a given starting levet;0fThe efficiency of the algorithm
outlined here may be improved by slightly refining its baseiersion.

Since the objective function (4) is strictly concave, sienglgorithms can finally be used to

find the optimal value of;.
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Table 1: The baseline specification

T, 21
R 66
T 86
T (t+T)/2
1.02
1.06
0.74
0.97
0.81
0.6
0.6
0.96
0.9
27,000%
“)Year-2001 U.S. dollars.

=
»

»
£
=]

m@:@ﬂ:b |<|Q 3
N

Table 2: Median equity shares for age-income cells

Income quintiles Age

<30 30-39 40-49 50-59 60-69 70+
First 0 0 0 0 0 0
Second 0 0 0 0 0 0
Third 028 036 036 026 0.26 0.36
Fourth 046 056 048 049 0.44 041
Fifth 065 054 060 057 056 0.55

NOTE. Source is the 2001 wave of the U.S. Survey of Con-
sumer Finances.
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Figure 1: Non-financial income in the absence of shocks
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Figure 2: Consumption and income, baseline
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Figure 4: Consumption and income, higher medical experelitncertainty
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Figure 5: Equity shares, higher medical expenditure uaoeyt
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Figure 6: Consumption and income, lower medical expendinpertainty
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Figure 7: Equity shares, lower medical expenditure uncegta
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Figure 8: Equity shares for various income levels
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Figure 9: Consumption and income= 0
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Figure 11: Consumption and income= 0.94
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Figure 13: Consumption and incomendexed to household size
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Figure 14: Equity shares,indexed to household size
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Figure 15: Consumption and incon&; = 2/3¢t+1/3T
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Figure 16: Equity share§,* =2/3¢t+1/3T
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