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Abstract

Life-cycle (or target-date) funds are funds which typically decrease their risk exposure over
time. They have been very successful in many countries in particularly in the segment of old
age provision. However, Expected Utility Theory (EUT) cannot explain their popularity.
Moreover, recent results of Graf (2016) imply that not only EUT but also its behavioral
counterpart Cumulative Prospect Theory (CPT) is often not able to explain the demand for
these products, since for each life-cycle fund a corresponding balanced fund can be
constructed which is preferable from the investor’s perspective in most circumstances. In a
very recent paper, RuR and Schelling (2017) have argued that potential future changes in an
investment’s value already impact the decision of long-term investors at outset. Based on
this, they have introduced Multi Cumulative Prospect Theory (MCPT) which is based on
CPT and considers the subjective utility generated by annual value changes. We can show
that for MCPT investors, life-cycle funds are typically more attractive than their
corresponding balanced funds since they reduce the potential losses towards the end of the
investment horizon. Hence, in contrast to EUT and CPT, MCPT is able to explain the

observed demand for life-cycle funds.

* Corresponding author


mailto:s.graf@ifa-ulm.de?subject=Pressenotiz:%20PRIIP-KID
mailto:j.russ@ifa-ulm.de
mailto:stefan.schelling@uni-ulm.de

As you like it: Explaining the demand for Life-cycle Funds with Multi Cumulative Prospect Theory

1 Introduction

In a recent paper, Graf (2016) has analyzed the risk-return profile of life-cycle funds for
single and regular contributions and under different asset models. His results imply that
rational investors (maximizing expected utility) should prefer a suitably designed balanced
fund over any given life cycle fund. Nevertheless, life-cycle funds have been and continue
to be extremely successful. One of the reasons for this success is that a large number of
pension plans allocate their contributions to these life-cycle funds, since — according to
Charlson et al. (2010) — 96% of the large* pension plans in the US selected life-cycle funds
as their default asset allocation and most of the money allocated in these funds is left in the
same fund until retirement. A recent study by Yang et al. (2015) further shows that assets
under management of life-cycle funds in the US have steadily increased from roughly
$100bn in 2006 to $700bn in 2014,

This sharp contrast between optimal utility maximizing behavior — i.e., not invest in life-
cycle funds — and observed actual behavior — i.e., invest in life-cycle funds — leads to the
question how the popularity of life-cycle funds can be explained. Since Graf (2016) finds
(“practical”)? stochastic dominance of the distribution of the terminal value of a suitably
designed balanced fund over any given life-cycle fund, this would also imply that
Cumulative Prospect Theory, the most popular behavioral counterpart to Expected Utility
Theory that was introduced by Tversky and Kahneman (1992), cannot explain the very high

demand for these products in most cases.

In a very recent paper, Ru and Schelling (2017) have argued that — particularly for rather
long investment horizons — investors also get utility and disutility from interim value gains
and interim losses. Moreover, they argue that the utility and disutility from potential interim
fluctuations already impacts the investment decision at outset. Based on this, they develop a
modification of Cumulative Prospect Theory that considers potential future value

fluctuations already in the decision at outset. Besides presenting this new so-called Multi

! Defined as including more than 5,000 employees.

2 Note, Graf (2016) concludes stochastic dominance for a single premium investment in a Black-Scholes
economy and “practical” stochastic dominance for regular premium investments when (far) upper and
lower tails of the distribution are ignored (cf. Fig 1 for a comparison of the resulting cumulated distribution
functions).
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Cumulative Prospect Theory, they show that this theory is able to explain the demand for
certain complex guaranteed products that are very popular in many markets but should not
be desired by either rational investors or Prospect Theory investors. Since life-cycle funds
and balanced funds — even if they were designed to have a similar probability distribution of
terminal wealth — significantly differ with respect to the structure of the distributions of the
potential value changes over time, it only seems natural, that this also impacts an investment
decision. This paper therefore analyzes how an investor who considers potential future value
chances in the investment decision would choose between a life-cycle and a balanced fund
and if this decision differs from a rational investor or a Prospect Theory investor. To this

end, we use Multi Cumulative Prospect Theory.

Considering related academic literature, generally three main streams of research can be
identified: The first one is concerned with comparing possible returns of arbitrary life-cycle
funds and arbitrary (unrelated) balanced funds. As a starting point, Blake et al. (2001)
provide a Value-at-Risk based analysis of different investment strategies including a
balanced and a life-cycle fund within a defined contribution plan setting. In addition, in the
context of mutual funds, various authors such as Schleef and Eisinger (2007), Spitzer and
Singh (2008), Pang and Warshawsky (2008) or Pfau (2010) — to name only a few — analyze
the results of some life-cycle strategies compared to some balanced funds using different
methodologies such as expected utility or shortfall measures. Due to the rather arbitrary
choice of the balanced and life-cycle funds under investigation in the different papers, their
conclusions differ from preferring life-cycle funds over balanced funds (e.g. Pfau, 2010) or
vice versa (e.g. Spitzer and Singh, 2008 or Schleef and Eisinger, 2007). In line with the
controversy in results and conclusions above, e.g. Pang and Warshawsky (2008) are

indifferent between preferring life-cycle or balanced funds from an investor’s point of view.?

The second strain of literature is concerned with finding “optimal” life-cycle funds. Here,
the focus is on deriving in some sense optimal path-dependent life-cycle strategies in contrast
to purely deterministic life-cycle strategies (cf. Cairns et al. (2006) for an application of

stochastic control or Basu et al. (2011) for a simulation study). In a recent work, Bernard

3 These somewhat contradicting conclusions are in sharp contrast to the results by Graf (2016) (cf. Section 5.1
for more details), who does not compare arbitrary funds but rather constructs a “matching” balanced fund
for any given life-cycle fund

2



As you like it: Explaining the demand for Life-cycle Funds with Multi Cumulative Prospect Theory

and Kwak (2016) show that a generally decreasing stock investment over time can be
explained using SAHARA utility preferences as introduced by Chen et al. (2011) in a
dynamic setting. However, they also show that the typical life-cycle fund implemented in
the mutual fund industry is not consistent with the dynamic setting, which reduces the
allocation in the stock depending on changes in market conditions and in risk aversion.

The third stream of related literature explores savings behaviour that is irrational under
expected utility theory and analyses why life-cycle funds are so popular from a behavioural
perspective. In these descriptive models, the main goal is to understand how and why people
make their decisions in contrast to normative models that identify optimal decisions.
Mitchell et al. (2009) show empirical evidence of default and framing effects in the context
of life-cycle funds. They particularly show that default alone cannot explain the demand
since life-cycle funds are also frequently chosen when no default option exists. More
generally, the role of behavioural decision making in the context of retirement saving has
been analysed by various authors such as Mitchell and Utkus (2003), Thaler & Benartzi
(2004), Benartzi and Thaler (2007), Brown (2007) and many others.

However, a sound opinion or common understanding, whether a balanced fund or a life-
cycle fund with some deterministic glide path® is preferred by a certain type of investor does
not exist. Based on the results from Graf (2016) and Multi Cumulative Prospect Theory as
introduced by Ruf? and Schelling (2017), we show that a life-cycle fund’s risk-return profile
can be “practically” stochastically dominated by a suitably designed balanced fund and still

be preferred by a large group of investors.

The remainder of this paper is organized as follows: In Section 2, we briefly summarize the
concept of Multi Cumulative Prospect Theory. Section 3 gives an overview over the
investment strategies that will be analyzed in this paper: life-cycle funds with a time
dependent equity ratio and balanced funds with a constant equity ratio. In Section 4, we
present the financial model that will be used to derive numerical results in Section 5. Here,
we start with a short summary of the results from Graf (2016). Then we present the results

from our simulation study. In particular, we analyze how much weight has to be given to

4 Chen and Vellekoop (2017) find similar results as Bernard and Kwak (2016) in a dynamic setting with
consumption.

5 The life-cycle fund’s glide path defines its asset allocation of risky and riskless assets over time.
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interim fluctuations (vs. terminal value) in the investment decision in order to prefer life-
cycle funds over a balanced fund and also which level of loss aversion has to be present in

order to prefer life-cycle funds over a balanced fund. Finally, Section 6 concludes.

2  Multi Cumulative Prospect Theory
Cumulative Prospect Theory (CPT), introduced by Tversky and Kahneman (1992), has

become one of the most prominent behavioral counterparts to Expected Utility Theory
(EUT). In contrast to EUT it is not a normative theory that determines how people should
rationally behave but rather a descriptive theory that tries to predict how people actually
make decisions that may be influenced by heuristics and biases. It considers gains and losses
with respect to a certain reference point instead of total outcomes. Moreover, it is based on
an S-shaped value function v which assumes that investors are typically loss averse and a
probability distortion function w which takes into account that investors tend to overweight
events with small probabilities (particularly extreme events) and underweight events with
high probabilities. Although CPT can explain behavior in real life that cannot be explained
by EUT there is still the drawback that (like in EUT) investment products only generate
utility in connection with actual cash flows, i.e., in case of long-term saving products, only
at maturity. However, even long term investors tend to reevaluate their investment products
regularly, for example, annually when they receive a financial statement, cf. Barberis et al.
(2001) or Arkes et al. (2008). If a reported value is lower than previous year’s value, this
will be perceived as a loss that will be valued higher than a gain of similar amount in a
different year. Mental accounting, introduced by Thaler (1985), implies that investors tend
to take into account potential future fluctuations of the contract's value already when making
an investment decision. This motivates that the initial subjective utility of a long term
investment not only depends on the distribution of the terminal outcome, but also on the
distributions of the possible future interim changes. To capture this effect, Ruf and Schelling
(2017) have introduced a modification of CPT, the so-called Multi Cumulative Prospect
Theory (MCPT) which essentially uses CPT with multiple reference points and evaluation
periods to measure the subjective utility of the potential interim value changes. The
remainder of this section closely follows their approach.

MCPT considers an investor and an investment contract A with time horizon [0,T], T € N,

at time 0, i.e., at the time of decision making. For the sake of simplicity, in this paper we
4



As you like it: Explaining the demand for Life-cycle Funds with Multi Cumulative Prospect Theory

only consider future interim evaluations that take place annually. Since in many countries
for funds and fund-linked products, the market value of the product has to be communicated
to the client on a regular basis, we consider for all t € {1, ..., T} the annual gain or loss X; :
= A; — ¥+, Where A; is the fair market value of the investment A at time t and y; is the
reference point for time t. The natural reference point choice (status quo reference point) for
each period is given by the fair value of the contract at the end of the previous year, i.e.,
X: = Aq—1. Note that in the case of regular premiums the reference point equals the fair value
of the contract at t — 1 plus the premium invested at t — 1. We can now evaluate the CPT
value of each annual value change X; by (cf. Tversky & Kahneman (1992) and Hens &
Rieger (2010))

0 oo

CPT(X,) := jv(x)d (W(Ft(x))) +J v(x)d(—w(1 - F,(x)))

— o0 0

where v is the typical S-shaped CPT value function
v(x) = x 1z — Ax]" 1o

with parameters 0 < a, b < 1. We use the common assumption® and set a = b. Moreover,
the probability distortion function w is given by
24 .
w(x) = ——— withy € (0.28,1],
PY+1-p)V)Y
where the lower boundary for y is chosen, such that w(p)is strictly monotonically

increasing for p € [0, 1].

The MCPT utility at time t = 0 is then given by

T
MCPT(A): = Z pt - CPT(X,)

t=1
with a discounting parameter p € R,.
The MCPT utility reflects the subjective utility of the potential annual changes. Ruf} and

Schelling (2017) also suggest a combined model given by the weighted sum of the CPT and
the MCPT utility. In doing so the combined model captures the subjective utility of the

6 Cf. Tversky and Kahneman (1992), Camerer and Ho (1994), or Tversky and Fox (1995).
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terminal value change X = Ar — y (CPT) and the annual value changes X; = A; — x;
(MCPT). The combined model is given by

CPT™(4) := s - MCPT(A) + (1 —s) - CPT(X)

where s € [0,1] controls the influence of the annual value changes on the combined
subjective utility. Note that the CPT reference point y for the terminal value change in the
single premium case is given by the single premium P,. In case of regular premiums we set
this reference point y to the sum of all premiums, i.e., YI-} P,. Also note that s =0

represents the pure CPT utility and s = 1 the pure MCPT utility.

3 Life-cycle and balanced funds

Life-cycle and balanced funds generally invest in a mix of equity and bonds. A balanced
fund has a constant portion xg € [0,1] of its capital invested in equity and the remaining part
in bonds. We further assume a fixed duration d for the bond portion and therefore model the
bond portfolio by a zero-coupon bond investment with time to maturity d. In contrast to the
balanced fund, a life-cycle fund applies a time-dependent (however not path-dependent)

asset allocation strategy, where (xsjt)t € [0,1] denotes the equity portion at time ¢.

In our numerical analyses in Section 5, we primarily focus on the “classical” deterministic
glide path where for some T > 1 the life-cycle fund starts with a complete investment in
equity, i.e., xso = 1 and each year linearly decreases its equity exposure until it arrives at a
complete investment in the zero-bond in the last year, i.e., xs7_; = 0. We assume the asset
allocation to be constant throughout each year. Other glide paths will be considered in the

sensitivity analyses.

4 Financial model

To model the considered life-cycle and balanced funds (cf. Section 3), we need a model for
equity and interest rates. Due to the long-term nature of the considered products — especially
within the context of old age provision — considering stochastic volatility seems appropriate.
Thus, we use a slightly modified version of the Heston model (cf. Heston (1993)) for stock
markets and the Cox-Ingersoll-Ross model (cf. Cox et al. (1985)) for interest rate markets
and denote their combination by (CIR-SV).
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Let (Q,F, &, P) be a filtered probability space equipped with the natural filtration § =
(Fo)e = a((Wy(s), Wy (s). Ws(s),s < t))t generated by P-Brownian Motions W (t),
W, (t) and W5(t). Further let r(t) denote the short-rate and S(t) denote the equity’s spot
price at time t, respectively. The (real-world) asset model is then summarized with the P-

dynamics
dr(t) = 1.(6, — 7(£))dt + op/r()dWy(t),7(0) = 74
as(®) = S () + A9)de + VDaW,(0)),5(0) = 5,
AV (t) = iy (6 — V(£))dt + ay/V(£)dW;(6),V(0) = V,

where Ag denotes the equity risk premium and /V (t) is the stochastic evolution of volatility

over time.

In the (CIR-SV) model, zero-bond prices P(t,d) at time t with time-to-maturity d can be
derived using standard no-arbitrage arguments”: P(t,d) = A(d)e B@T® with A(d) =

Z%rér
2-h-exp((®r+h)-4/, ) o? _ 2-(exp(h-d)-1)

("o +h)-(exp(h-d)—1)+2-h and  B(d) = (%o +h)-(exp(h-d)—1)42-h where  h =

JEE+ 202,k =K, + Ay0,,0, = K% and A, denotes the market price of interest rate

Kr+Ar0p

risk.

To be able to compare our results with those from Graf (2016) we use the same capital
market parameters that are summarized in Tab 1. Sensitivity analyses with respect to
different capital market assumptions can be found in Section 0.
Ky 0r Oy Ay Ky Oy Oy p As  7(0) V(0)
20% 45% 75% 0 475% (22%)? 55% -57% 3% 45% (22%)2

Tab1 Capital market parameters

7 Cf. e.g. Bingham and Kiesel (2004).
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5 Results

In this section we will present our results: First, Section 5.1 summarizes existing results for
a rational EUT-investor. Then, Section 5.2 gives the corresponding results for an MCPT-

investor. Finally, Section 0 closes our numerical study with a variety of sensitivity analyses.

All numerical results in this Section are based on Monte Carlo simulations of the financial
model introduced in Section 4 applying 20,000 trajectories. Within this simulation, we apply
daily rebalancing between equity and bonds of the considered funds and further assume 252

trading days per year.

5.1 The rational investor: Existing results under EUT

Graf (2016) has shown that in a simple Black-Scholes model and for the single premium
case, for every life-cycle fund with given time dependent asset allocation (xs't)t € [0,1] and
some management fee, there exists a uniquely defined balanced fund with constant equity
ratio x§ = xg ((x&t)t) and a management fee that exceeds the management fee of the life-

cycle fund such that both funds have the same probability distribution of wealth at maturity.
This implies that a balanced fund with constant equity ratio xg that comes with the same

management fee as the life-cycle fund, dominates the life-cycle fund.

Since there is no reason why a (simpler) balanced fund should have a higher management
fee than a (more complex) life-cycle fund, Graf (2016) concludes in the single premium and
Black-Scholes case, that for every life-cycle fund there exists a balanced fund that dominates
this life-cycle fund (with respect to the distribution of the terminal value). Since under EUT
(as well as CPT), utility is only derived from the terminal value, this means that an EUT (or
CPT) investor would always prefer a balanced fund with suitable equity ratio over any given

life-cycle fund.

Graf (2016) also shows that in the case of regular premiums assuming a Black-Scholes
economy, dominance is lost. However, for any life-cycle fund with asset allocation (xs't)t €
[0,1] and some management fee, there exists a uniquely defined balanced fund with constant
equity ratio x5 = xg ((xs't)t) and a management fee that exceeds the management fee of

the life-cycle fund such that the distribution of the two funds’ maturity values have the same
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Fig 1 Cumulative distribution function of the terminal value of the life-cycle (dashed line) and the
balanced fund (solid line) in case of a single premium (left panel) and regular premiums (right
panel) for an investment horizon of 35 years and normalized premiums of 1.

expected value and variance. Again, if the balanced fund comes with the same management
fee, it has a higher expected value and the same variance and the distribution would be
“practically” dominating, crossing the distribution of the life-cycle fund only at the very far

tail.

Finally, Graf (2016) analyzes funds under more complex asset models (e.g. the one used in
this paper). For these analyses, for any given life-cycle fund, first a “matching” balanced
fund is constructed by using the equity ratio that would result in the same expected value
and variance in a Black-Scholes economy. In a second step, these two funds are compared
under the respective more complex asset model. Although under such asset models
stochastic dominance is lost even in the single premium case, the results still show

“practical” stochastic dominance for the single and regular premium case (cf. Fig 1).

For the classical life-cycle fund’s glide path as defined in Section 5.2 Fig 1 shows the
estimated cumulative distribution function of the life-cycle fund and appropriately calibrated
balanced funds considering a single premium (left panel) and regular premium investment
(right panel). By applying the methodology from Graf (2016), the balanced funds in these
analyses matching the classical life-cycle fund strategy are equipped with an equity portion

of 0.5816 for the single premium and 0.4173 for the regular premium case.

We conclude from Fig 1 that although theoretical stochastic dominance is lost (cf. Graf
(2016)), the calibrated balanced funds still “practically”” dominate the life-cycle fund except

in the (very) far tail of the considered distributions.
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So, in short, the high demand for life-cycle funds that can be observed in many countries
cannot be explained by EUT or CPT. However, it seems natural that potential interim value
changes (that are not captured by EUT or CPT) also have an influence on investors’

preferences. We will use MCPT to analyze this aspect in the next section.

5.2 CPT- and MCPT-investors: numerical analyses

In the remainder of this section we will analyze four different products and assume an
investment horizon of 35 years. In addition to a life-cycle fund and the corresponding
balanced fund, we also consider investments in the stock and the bond, respectively. Further,
we consider the case of a single premium investment of 1 at t = 0 as well as regular premium

paymentsof Latt = 0,1, ..., 34.
Hence, the four considered investment options are:

1. Aclassical life-cycle strategy with x5 o = 1 linearly decreasing on an annual basis to

Xs34 = 0 and a management fee of 0. This fund is denoted by LC.

2. A balanced fund that approximates the terminal distribution of the outcomes of the
LC. Graf (2016) shows that a uniquely defined balanced fund can be designed that
matches the first two moments of the LC’s terminal distribution in a Black-Scholes
economy.® The matching balanced fund’s equity ratio is xg = 0.5816 (with a
management fee of 0.244%) p.a. for the single premium case and xg = 0.4173 (with
a management fee of 0.094% p.a.) for the regular premium case. Since in practice, a
balanced fund would not be more expensive than a life cycle fund, we will not include
any management fees (similar as in the LC). This will prevent that we identify a
demand for LC only because the “competing” product is more expensive. Hence, any
demand for LC will be in spite of the fact that the balanced fund would be preferable

for a rational investor. The considered balanced fund is denoted by BF.

3. A pure stock investment, i.e., x¢ = 1 and no management fees. This is denoted by

stock.

8 For the sake of clarity: The moments are matched in a Black-Scholes economy. The resulting balanced fund
is then analysed under the asset model described in Section 4.
10
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4. A pure bond investment, i.e., x¢ = 0 and no management fees. The investment will
be a “rolling” bond investment always using bonds with time-to-maturity d = 5

years. This product is called bond.

We use MCPT as described in section 2 to analyze the influence of the annual price changes
on the subjective utility. We fix a = b = 0.88 as suggested by Tversky and Kahneman
(1992) and perform analyses for different values of 1 and y. Moreover, we consider the case

without discounting, i.e., p = 1.

As in Rul and Schelling (2017), we derive certainty equivalent contracts with a fixed annual
return r¢E; that is, € describes the fixed annual return that an MCPT investor would regard
equally desirable as the considered contract A. Therefore, we solve the following equation

numerically for each contract to obtain the corresponding fixed annual return r¢£:

( T-1 , t a
S (S neme-n)
t=0 \t=0
T-1 a
(1-5)- < P, (e 0 — 1)) ,  CPT°°™(4)>0
t=0

CPTCo™(A) = {

|

ol CPTO™(4)<0.

Pt(eTCE(T_t) _ 1)‘ /

t=0

Note that in case of regular premiums P, = 1 forall t € {0, ... ,T — 1} and in case of a single

premium Py =1land P, =0forallt € {1,.., T —1}.

Fig 2 shows the certainty equivalent returns as a function of loss aversion for a CPT investor,
I.e., an investor who does not value interim fluctuations (s=0). Such an investor would
always prefer a pure stock investment which is typical under CPT for a long time horizon.
Loss aversion plays only a minor role since the positive drift (cf. Tab 1) makes losses rather
unlikely. These results are very similar for single premium (upper panels) and regular
premiums (lower panels). Furthermore, the probability distortion (that is switched off in the
left panels and switched on in the right panels) leads to an overestimation of very high gains

that incur with low probability which makes the equity investment even more attractive.

11
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Fig 2 CPT (5=0) Certainty Equivalents as a function of A.
Upper panels single premium — lower panels regular premiums.
Left panels no probability distortion (y=1) — right panels with probability distortion (y=0.65).

If we compare the life-cycle to the balanced fund, we find that in the single premium case
and in the regular premium case without probability distortion (consistent to the results in
Graf (2016)), the balanced fund is preferred by a CPT investor. In the regular premium case
with probability distortion, however, a CPT investor would (slightly) prefer the life-cycle
fund. This is due to the fact that for regular premiums, the distribution of the balanced fund
(with the same management fee as the life cycle fund) has a higher expected value and the
same volatility but is not exactly stochastically dominating (cf. Fig 1). Particularly the left
tail of the cumulative distribution function of the terminal value of the balance fund is
slightly heavier, i.e., the probabilities for high losses are slightly higher for the balanced fund
than for the life-cycle fund. Due to the overestimation of low probability events these

outcomes affect the CPT investor disproportionally.

In summary, however, a CPT investor would always prefer a pure stock investment over

12
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Fig 3 MCPT (s = 1) Certainty Equivalents as a function of A.
Upper panels single premium — lower panels regular premiums.
Left panels no probability distortion (y = 1) — right panels with probability distortion (y = 0.65).

both, a life-cycle and a balanced fund. Therefore, CPT is also not able to explain the
popularity of life-cycle funds in our setting.

Fig 3 shows the same results for a pure MCPT investor, i.e., an investor that only values

interim fluctuations and does not admit any weight to the terminal value (s = 1).

The pattern is structurally similar in all four panels: For very low loss aversion, the investor
prefers a pure stock investment, for rather high loss aversion, a pure bond investment is
preferred. In between, the life-cycle fund is the most attractive choice for an MCPT investor.
Interestingly, for loss aversions between 1.6 and 2.2 — which are levels that seem to prevail
for most people according to empirical studies, cf. Tversky and Kahneman (1992) or Rieger
et al. (2017) — in all four cases (single and regular premium, with and without probability
distortion), the life-cycle fund is either the most attractive choice for an MCPT investor or a

very close second after the pure bond investment.

13
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Fig 4 Percentiles of the annual changes in the value of the balanced fund (left panels) and the life-cycle
fund (right panels).
Upper panels single premium — lower panels regular premiums.

The reason why typical MCPT investors prefer the life-cycle fund over the balanced fund
can be seen in Fig 4. In the first years, the life-cycle fund generates higher possible annual
losses than the balanced fund, because of the higher equity ratio. However, due to the
decreasing equity ratio of the life-cycle fund, potential fluctuations in later years are much
smaller for the life-cycle fund than for the balanced fund. The difference in later years is
particularly large in the regular premium case where the portfolio value tends to be strongly
increasing over time. Due to loss aversion the (much) higher possible annual losses in later
years outweigh the higher possible annual gains and therefore make the balanced fund less

attractive for an MCPT investor.

Finally, we analyze which weight s has to be given to interim changes in order to prefer a
life-cycle fund. In Fig 5 we therefore fix the loss aversion parameter A at a value of 2.2, cf.

Tversky and Kahneman (1992), and display certainty equivalent returns as a function of s.
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S S

Fig5 CPTC°™ Certainty Equivalents as a function of s for 1 = 2.2.
Upper panels single premium — lower panels regular premiums.
Left panels no probability distortion (y = 1) — right panels with probability distortion (y = 0.65).

Again, we observe a rather similar pattern in all four panels: For low values of s, i.e., if
interim fluctuations are given a rather low weight in the investment decision, the pure stock
investment is preferable (consistent with Fig 2). For values above roughly 0.5, however, the
life-cycle fund is preferred. In the case with probability distortion, for values very close to 1

the certainty equivalent return of the pure bond investment exceeds the life-cycle fund’s.

It is noteworthy that if only the balanced fund and the life-cycle fund are compared, the life-
cycle fund is preferred for all (regular premiums) respectively almost all (single premium)

values of s.

Finally, Fig 6 gives the certainty equivalent returns in the combined model as a function of
the loss aversion parameter L. Note that here, in all four panels probability distortion is
considered. The left panels are for s = 0.5 (i.e., an investor that places only moderate weight
on interim fluctuations) whereas the right panels are for s = 0.8 (i.e., a higher weight is

placed on interim fluctuations). Again, we find a similar pattern in all 4 panels: For low loss
15




As you like it: Explaining the demand for Life-cycle Funds with Multi Cumulative Prospect Theory

s=0.5, a=0.88, 1=0.65 s=0.8, a=0.88, v=0.65
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0.1

Fig 6 CPTC°™ Certainty Equivalents as a function of A for y = 0.65.
Upper panels single premium — lower panels regular premiums.
Left panels with s = 0.5 — right panels with s = 0.8.

aversion, the pure stock investment is preferred, for very high loss aversion, the pure bond
investment is preferred (although for s = 0.5 this situation would happen only for values
that are not displayed anymore) and in between, the life-cycle fund is preferred, in particular
for loss aversion parameters in the typical range of around 2. Here, as in all previous figures,
it is striking that for all analyzed parameter combinations where the balanced fund would be

preferred over the life-cycle funds, a pure stock investment would be preferred over both.

We can conclude that MCPT can explain the popularity of life-cycle funds from a behavioral
perspective and that this remains true even if the annual value fluctuations only partly

influence the investor’s subjective utility.

5.3 Sensitivity Analysis

We will now present sensitivity analyses with respect to different parameters. Note that in

some of the sensitivity analyses, the equity ratio of the “matching” balanced fund might
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r(0)=0.5%, 6,=3%

°E (MCPT)

Fig 6 MCPT Certainty Equivalents as a function of A for y = 0.65 for lower interest rate level.
Upper panels single premium— lower panels regular premiums.
Left panels r(0) = 6, = 4.5% - right panels r(0) = 0.5% and 6,. = 3%.

differ from the balanced fund in section 5.2 since we have always used a suitably designed
balanced fund that matches the respective life-cycle funds under consideration.

First — given the current low interest rate environment — we have analyzed a variety of
scenarios with lower interest rate levels. Under the assumption that all other parameters are
fixed, we find that by reducing the initial interest rate r(0) and the long-term interest rate
level 6, all products become less attractive for an MCPT investor, because the expected
return of all products is reduced. Moreover, the range of loss aversions for which the life-
cycle fund is the most attractive investment becomes smaller. Nevertheless, for reasonable
interest rate parameters, the life-cycle fund is more attractive than the corresponding
balanced fund for all MCPT investors with a loss aversion A > 1. Fig 6 shows by way of
example the results for r(0) = 0.5% and 6, = 3%.

If the stock market is more attractive, i.e., the equity risk premium Ag increases and/or the

long-term stock volatility 8, decreases, then a pure stock investment becomes more and a
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Fig 7 MCPT Certainty Equivalents as a function of A for y = 0.65 —single premium.
Left upper panel T = 5, right upper panel T = 10, left lower panel T = 20 and right lower panel
T = 35.

pure bond investment less attractive. The relation between the products remains rather stable.
Note that in this case the range of loss aversions for which the life-cycle fund is the most

attractive product is slightly shifted to higher values.

We find that the range of loss aversions for which the life-cycle fund is the most attractive
product becomes smaller if the investment horizon is shorter. However, the life-cycle fund
is also for short investment horizons more attractive than the corresponding balanced fund
for all investors with a loss aversion A > 1. Fig 7 displays the impact of a shorter investment
horizon T (5, 10 and 20 years) in the single premium case. We find similar results also in the

regular premiums case.

We have also performed sensitivity analyses for the discounting parameter p and have

observed that for all reasonable values the influence is negligible.

Finally, we have analyzed other life-cycle strategies (and their suitably calibrated balanced

funds) with maturity T = 35 years, namely:
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Fig 8 MCPT Certainty Equivalents as a function of A for y = 0.65 and T = 35.
Upper panels single premium — lower panels regular premiums.
Left panels strategy B (reverse) — right panels strategy C (deferred).

Strategy “deferred” defines a life-cycle strategy that starts with a complete investment
in equity and keeps completely invested in equities for the first 30 years, i.e., x5y =
- = x530 = 1. Over the last five years the life-cycle fund each year linearly decreases
its the equity exposure until it arrives at a complete investment in the zero-bond in the

last year, i.e., xs7—1 = 0

Strategy “reverse” which reverses the life-cycle and is therefore often referred to as
“contrarian” strategy: It starts withxgo, = 0 and each year linearly increases its

exposure to the risky asset finally arriving at xs7_; = 1.

For the deferred strategy, we find again that the life-cycle fund is preferred over the
corresponding balanced fund for all loss aversion levels 4 > 1. However, since this life-
cycle fund and hence also the “matching” balanced fund are both rather risky, the pure bond
investment is already preferred by MCPT investors with a loss aversion level A above

roughly 1.85 (single premium), respectively 1.75 (regular premiums). Nevertheless, further
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analyses for a deferred strategy that additionally comes with a lower initial equity exposure
show that the loss aversion level above which the pure bond investment is preferred increases
again.® This shows that MCPT is also able to explain the demand for other typical life-cycle

strategies which reduce the equity ratio only in the last years of the investment horizon.

For the reverse strategy, we find that the corresponding balanced fund is always preferred
over the life-cycle fund by an MCPT investor, cf. Fig 8. This result naturally follows from
the reverse investment structure of this strategy which generates high possible annual losses
at the end of the investment horizon. Note, however, that this type of life-cycle fund is not
common in the market at all and is considered here only for theoretical interest.

6 Conclusion

In this paper, we have analyzed the demand for life-cycle and balanced funds. We have
particularly considered “matching” pairs of life-cycle and balanced funds that come with a

comparable risk-return profile.

We have shown that the observed high demand for life-cycle funds cannot be explained by
either EUT or CPT, since — based on a result in Graf (2016) — for any given life-cycle fund
a corresponding balanced fund which (practically) stochastically dominates the considered

life-cycle fund can be designed.

For an investor who evaluates investment options according to MCPT — as introduced by
Ruf? and Schelling (2017) — life-cycle funds are frequently more attractive than “matching”
balanced funds. In contrast to CPT investors, MCPT investors also gain utility and disutility
from interim value changes. Therefore, life-cycle funds which reduce the potential losses
throughout the investment horizon are generally preferred by MCPT investors over balanced
funds. Our findings hold for different degrees of risk aversion, different life-cycle glide paths
and under various capital market assumptions. Hence, in contrast to EUT and CPT, MCPT
is able to explain the actually observed demand for life-cycle funds. The major assumption

of MCPT is that an investor (consciously or subconsciously) already considers future utility

® We analyzed deferred strategies with initial equity exposure of 50% and 80%. The corresponding loss
aversion parameters for an initial equity exposure of 80% were roughly 1.9 (single premium), respectively
1.8 (regular premiums) and for an initial equity exposure of 50% roughly 1.95 (single premium),
respectively 1.85 (regular premiums).
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or disutility stemming from interim value changes when making the investment decision. If
one is willing to accept this assumption, then MCPT provides a convincing explanation for

the high demand for life-cycle funds.

Since life-cycle funds are not the optimal choice from a rational investor’s point of view (cf.
Graf (2016)), future research should analyse if and how life-cycle funds could be designed
such that they are still desirable from an MCPT investor’s point of view on the one hand,
but at the same time provide the investor with a better (i.e., rationally more optimal)

investment decision under EUT.
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