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ABSTRACT
This paper analyses the ability of a realistic mental accounting model for portfolio choice (presented
in Hiibner and Lejeune (2021)) to compete with traditional utility alternatives. Das, Markowitz,
Scheid, and Statman (2010) and Hiibner and Lejeune (2021) have shown that the mental account-
ing framework embeds optimal allocations derived from quadratic utility optimization and/or the
Gaussian distribution assumption. We complement their work by demonstrating here the flexibil-
ity and numerical superiority of the optimization outputs that a non-Gaussian version of HAMA
generates with respect to two traditional expected utility maximization rules that produce a wide
and relevant spectrum of portfolio allocation rules for a variety of realistic investor types: the decay
rate approach proposed by Stutzer (2003), which is analogous to maximizing expected utility, and
the class of flexible three-parameter utility functions (FTP) introduced by Conniffe (2007) that

encompasses a wide set of popular utility functions.
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1 Introduction

What portfolio choice criterion should guide investors towards an asset allocation that is optimal
at satisfying their goals? Which probability distribution characterizes the riskiness of financial
asset returns? What is a sensible function representing investors’ attitude towards this riskiness?
These are relevant questions that financial advisers have to deal with in order to formulate appro-
priate asset allocation advice. Markowitz’s (1952) seminal work offers one of the early answers to
these questions, through the mean-variance paradigm. If investors are characterized by quadratic
preferences and /or if asset returns display spherically generated distributions (Chamberlain, 1983),
portfolios can be ranked according to the Sharpe ratio (Sharpe, 1994), computed ex-post on his-
torical data. However, the first condition leads to a decreasing marginal utility, an implausible
characterization of the preferences of most investors. The second one contradicts substantial em-
pirical evidence on the unconditional distribution of asset returns (see, for instance, Badrinath and
Chatterjee, 1988; Corrado and Su, 1997; Fong, 1997; Harvey and Siddique, 2000; Aparicio and
Estrada, 2001). Even when one only fits the unconditional distribution of stock returns, departures
from normality due to fat tails (high kurtosis) and to left or right asymmetry (skewness) are per-

vasive, precluding the straight application of the mean-variance framework.

Another traditional approach to portfolio decision problems relies on expected utility maxi-
mization. Restrictions on higher-order derivatives of utility functions allow for the consideration of
asymmetric risks (Kraus and Litzenberger, 1976) or fat-tail risks (Fang and Lai, 1997). However,
no utility-based framework has managed to circumvent the fundamental argument put forward by
Brockett and Kahane (1992): for any well-behaved utility function, i.e. one whose derivatives al-
ternate in signs, it is possible to find returns distributions such that expected utility maximization
leads to a solution with a low expectation, a high variance and a low skewness. A comprehen-
sive theoretical framework with limited assumptions over returns distributions should therefore not
posit moment preference, although parametric models of the expected utility approach necessarily
do so. For this reason, the fundamental question: “which utility function of the rational investor,
universal enough to encompass each profile, but sufficiently well-behaved to get a tractable treat-

ment, should be used in practice?” remains unanswered.



Pure parametric approaches to utility maximization are doomed to expose themselves to a sim-
ilar criticism. Furthermore, imposing a parametric utility function results in a “one-size-fits-it-all”
characterization of investors’ preferences. This is incompatible with the mental accounting behavior
of individuals, as stressed by Thaler (1985, 1999) in his behavioral exposition of the portfolio choice
problem. In our paper, we move away from the traditional utility theory stream, and follow the
behavioral mental accounting approach to propose an alternative framework that (i) starts from an
inductive and positive treatment of investors’ portfolio choices rather than a deductive and norma-
tive set of predictions derived from a pre-specified utility function; (ii) acknowledges that individual
investors are likely to agree on a loose information set, like some characteristics of the distribution
of financial returns, rather than imposing a homogenous and sophisticated probabilistic knowledge
across all potential states of the world; and — as the proof of the pudding is in the eating — (iii) it
ensures that portfolio choices obtained with reasonably parameterized utility functions are attain-
able with a reasonable calibration in our behavioral framework as well, even though the opposite
may not be true. We believe that the first two differentiators represent interesting improvements
over utility theory. Our purpose is not to impose them as criteria of dominance over traditional
utility functions; rather, we propose an alternative, hopefully intuitive way of framing the investor’s

behavior. The last aspect, which is output-oriented, imposes itself as an effectiveness criterion.

Our approach is based on the following intuitive observation: in practice, investors do not know
their utility function and have to rely on incomplete but readily usable returns characteristics, such
as some unconditional moments of the distribution. The associated parameters of their portfolio
choice problem, including parameters characterizing risk aversion, should reflect this incomplete
information set. In their inspiring work, Das et al. (2010) show that the risk aversion parameter of
quadratic utility maximizers can be inferred in the behavioral mental accounting approach with-
out specifying any utility function. In their mental accounting model (hereafter MA), investors
divide their global investment portfolio into distinct goal-based accounts. Each of these accounts
is associated with a threshold return and a tolerance probability of failing to reach this return.
Investors, with the help of their financial advisers, are better at stating their threshold returns

and a tolerance probabilities rather than a value for their degree of risk aversion. However, the



MA model has limits in two relevant dimensions that have implications for capturing investors’
attitude towards portfolio risk. First, when goals are associated with a specific investment horizon,
it does not provide any guidance on how the threshold return should be set in function of horizon
nor on the model implications for the horizon dimension. Second, it focuses on downside risk, i.e.
the probability of falling short the threshold return. While this safety-first approach characterizes
some investors (or some mental accounts for a same investor), it misses investors whose risk-taking
is balanced between safety and upside potential, a behavior depicted in the SP/A theory of Lopes
(1987). Statman (2008) also argue that top layers of mental accounts can be designed for upside
potential, that is a goal that reflects a chance of getting rich. Consequently, investors may differ in
the degree of gain-loss asymmetry they assign to their portfolios, and this dimension is missing in

the baseline MA framework.

In their contribution, Hiibner and Lejeune (2021) propose a Horizon-Asymmetry Mental Ac-
counting model (hereafter HAMA) that addresses these missing dimensions. In their parsimonious
extension of the MA model each individual investment goal is represented by a set of four pa-
rameters: one associated with the threshold return, a tolerance probability of shortfall, a gain-loss
asymmetry parameter and an investment horizon. The HAMA framework complies with the de-
sired elements (i) and (ii) underlined above. It inherits the intuitive non-parametric approach from
the behavioral MA model. Moreover, the HAMA portfolio choice program considers that the dis-
tributional properties of financial portfolios returns are summarized by their first four moments,
reflecting the limited information set at the disposal of investors or their allocation advisers.! More-
over, in relation with (iii), Hibner and Lejeune (2021) show that HAMA encompasses the optimal
quadratic utility allocations. However it remains a research question whether HAMA competes
with more flexible parameterized utility functions. The goal of the present paper is to test the flex-
ibility and numerical superiority of the optimization outputs that HAMA generates with respect to
two parametric expected utility maximization rules that produce, in our view, a wide and relevant
spectrum of portfolio allocation rules for a variety of realistic investor types. The first class of

utility functions is the expected power utility one. We analyze this comparison through a mapping

! Although affirming the existence of these moments represents a strong assumption regarding some evidence from
many series of returns (see Jondeau and Rockinger, 1999), the assumption is commonly used for the derivation of
asset-pricing models.



into the decay rate approach proposed by Stutzer (2003), which is analogous to maximizing ex-
pected utility when one refers to the large deviations theory. As HAMA, the decay rate approach
is a behavioral portfolio optimization program that integrates a notion of horizon, and therefore
is a relevant competitor to which the added value of HAMA has to be demonstrated. The second
expected utility maximization rule is the so-called class of flexible three-parameter utility functions
(FTP) introduced by Conniffe (2007) that encompasses a wide set of popular utility functions.
The FTP class is fully characterized by a triplet of investor-specific parameters, which is the same
number of parameters used in the HAMA characterization of preferences (once the horizon dimen-
sion is fixed). In that sense, the FTP model can be seen as the parametric counterpart of HAMA,
and is thus an interesting challenger. The objective of the quantitative analysis of this paper is to
identify whether some HAMA-generated allocations are inaccessible with traditional utility-based
options portfolios. This test helps us to identify which gaps in the traditional individual portfolio
choice literature can be fulfilled with a flexible mental account specification, and what are the sets
of parameters that make these unmatched allocations possible. For both utility functions, we leave
aside the issue of the estimation of the multivariate distribution of asset returns by fixing the same
information set in all portfolio optimization cases, namely the first four moments of the sample

distribution.

Using numerical techniques, we show that while HAMA portfolio program can easily recover
decay rate optimal allocations and FTP optimal portfolios, a reverse matching is not necessarily
true. Contrary to the decay rate approach, the HAMA is able to decouple horizon and tolerance
probability dimensions, while enabling the investor to explicitly state objectives in terms of invest-
ment horizon. A numerical optimization underlines that HAMA optimal portfolios encompass FTP
ones, while the opposite cannot be achieved. Interestingly, the FTP model does not map easily

into optimal positions held by investors who associate a high value with upside potential.

The paper is organized as follows. Section 1 presents the HAMA approach to portfolio choice
optimization. The second section compares HAMA with Stutzer (2003)’s decay rate approach.
Section 3 proposes a horse race between HAMA and the FTP class of utility functions, using

numerical optimization on data on Fama-French portfolios. Section 4 concludes the article.



2 The Horizon-Asymmetry Mental Accounting model (HAMA)

2.1 Theoretical foundations

Following a goal-based mental accounting approach (Das et al., 2010; Hiibner and Lejeune,
2021), investors maximize the expected return of their portfolio associated with a mental account

m, subject to a shortfall probability:

m;xxE [R)] (1)
st P(RI™ < B[Ry = Am) — 1P (RII™ > E[Ry] + Am) < O (2)

where R, is the 1-period the log gross return of the portfolio, and Rfm = H,! Zfi"{ R, is the
mean of the log gross returns over an horizon H,,. The HAMA framework implies that investors
assess the riskiness of investment alternatives with respect to their probability of falling short the
expected return by an amount \,, over their investment horizon. The threshold return in the
original MA model Das et al. (2010) is thus here expressed in terms of deviation from expected
returns (E [Rp] — Ar,). It can be interpreted as a relative Value-at-Risk threshold defined by Ap,.
This formulation helps us to define a symmetric Value-at-Potential level (E [Rp] + Ay,) without
using any additional parameter. When v > 0, investors value the upside potential of portfolios and
it relaxes their optimization constraints. In other words, they balance downside risk with upside
potential benefits, and ~,, is a parameter that governs the degree of gain-loss asymmetry. If v, =0
investors behave as of the safety-first kind (as in Das et al., 2010), and only focus on the downside
risk of financial assets. When 7, is equal to 1, a symmetric treatment is achieved between downside

and upside dimensions.

2.2 Practical implementation

The implementation of HAMA portfolio program (1)-(2) requires appropriate estimates for the
shortfall and upside probabilities. Rather than assuming a probability distribution for P, like the
Gaussian distribution, we use the following intuition. In practice, while investors agree that as-
set returns are not normally distributed, they don’t have any consensus on which functional form

should applied instead. In contrast, investors (or their financial advisers) have to rely on less



complete but readily usable returns characteristics, that is the empirical estimates of volatility,
asymmetry and fat-tailedness. For i.i.d. period log returns, it is easy to derive the moments of the

mean of a sequence of n drawings of these returns, EZ = % > iy Rp+(1). These moments are equal

3
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A generalization of Chebyshev’s inequality found in the work by Mallows (1956) enables us to link
this limited set of available information to estimates of the probabilities of downside risk and upside
potential in (2). If u3, and a4, exist and are known, the shortfall constraint of a portfolio p for a

mental account m is given by:

Tp(=Ams Hin) = ymTp(Am, Hin) - < Qi (3)
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The proof of this proposition follows directly from Mallows (1956) by using the moments of Rﬁ[ .

The proof for the sign of the derivative with respect to | z | is straightforward. The sign of the
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second derivative can be obtained by using the variable transformation y and noting that

VH2,p
d”Pd(I%’H ) — d“”(,gg’H ) j% + dw%(ly{,H)_ The first term is always strictly negative and the second term is

non-positive for ¢, < H < ®,, which completes the proof. [

Probability estimate 7, (z, H) is an upper bound, function of unconditional moments. For z > 0, it

is an estimate of P (R

L, — B[R] > :z), for x < 0 it approximates [P (Ef — E[R)) < 3:) Moreover,

for a given horizon, the larger the interval x around expected returns, the more important the
probability mass inside [E[R, — z; E[R, + z], and the lower the estimate m,(x, H). For a given z,

the longer the horizon H, the lower m,(x, H).

Substituting P by its estimate m,, the HAMA portfolio selection program is thus formulated as

follows:

max E [R)) (11)
P
st Tp(=Am, Him) — YmTp(Am, Hm) < Qi (12)

Hence, the preference of HAMA investors are characterized by 4 parameters: the investment horizon
H,,, an interval over expected returns A,,, a gain-loss asymmetry parameter 7, and a tolerance

probability €2,,.

3 Mapping into the expected power utility criterion

Hiibner and Lejeune (2021) show that the HAMA model covers the standard mean-variance ap-
proach as a special case. The risk aversion coefficient in a quadratic utility setup is pinned down
by an intuitive set of parameters that capture threshold return, tolerance probability and horizon
dimensions. In this section, we compare the HAMA model with a behavioral approach to portfolio
selection, based on a decay rate criterion, that generalizes the use of power utility in the objective
function of portfolio choice. The approach is proposed by Stutzer (2003) and, like the Das et al.
(2010) model, enables the investor to substitute the specification of its risk aversion coefficient (here

in a power utility setup) with the choice, more intuitive, of a target return. As in the HAMA frame-



work, the decay rate approach refers to a threshold return and a shortfall probability. Moreover,
it also relies on the convergence properties of the shortfall probability in order to derive optimal
portfolios, and an implicit notion of horizon emanates from the approach. On account of these
similarities with our model, it is interesting to compare the two approaches, and to present the
contribution of ours. Furthermore, this comparison enables us to hit two targets with one shot.
Using the large deviations theory, Stutzer (2003) interestingly shows the analogy of the decay rate
approach with expected power utility. Specifically, decay rate investors are equivalent to expected
power utility investors, with a risk aversion coefficient dependent on target returns and on the
investment opportunity set. Hence, a mapping into the expected utility approach derives from a

mapping into the decay rate approach.

The foundation of the decay rate approach is a shortfall probability problem. Investors select their
optimal portfolio in order to ensure the minimization of the probability that the growth rate of
invested wealth (i.e. the portfolio log return) will not exceed an investor-selected target growth rate
(r). As mentioned above, the convergence properties of the shortfall probability make sure that
the shortfall probability decays to zero asymptotically as the time horizon goes to infinity, when
one selects a portfolio with expected returns higher than the target rate. For a finite time horizon,
however, the shortfall probability is likely to vary from portfolio to portfolio. Instead of choosing a
specific value for the horizon, Stutzer (2003) argues that a sensible strategy is to choose a portfolio
that makes the shortfall probability decay to zero as fast as possible as time tends towards infinity.
Consequently, under this approach, investors select portfolios that maximize the decay rate of the
shortfall probability. Stutzer (2003) further shows that, for i.i.d. returns, the maximization of the
decay rate ensures that the shortfall probability is minimized for all horizons. This characteristic
of the decay rate approach differs from our approach. In the HAMA framework, investors select
portfolios such that the shortfall probability is negligible for a finite investment horizon, which does
not necessarily imply that the decay rate of the optimal portfolio is maximized. In the Gaussian

version of the approach, the decay rate optimization is equivalent to the following criterion (see
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Stutzer, 2003, for a detailed derivation):2

2
_ 1 [ E[Rp] —log(r)
arg max D,(log(r)) = arg max o (Var[Rp]) (13)

which corresponds to equation (7) in Stutzer (2003), and where r is the target return. Furthermore,
Stutzer (2003) demonstrates an analogy between decay rate optimization and portfolio selection
under the power utility criterion. Using the large deviations theory, the author shows that decay
rate optimization is equivalent to using power utility with a risk aversion parameter that depends on
the target return. When log returns are normally distributed and i.i.d., the risk aversion parameter
(here below 1 — 0,42(p)) can be inferred from the optimal portfolio as follows (we refer to Stutzer,
2003, for a detailed derivation):

log(r) — E[Ry]

Risk aversion = 1 — Oaq(p) = 1 — Var [Ry)

(14)

which corresponds to equation (18) in Stutzer (2003), and where 0,44 (p) depends on the target rate
r and the portfolio p, and 0,4, (p) < 0. As discussed in Stutzer (2003), the latter condition implies
that the third derivative of the power utility function is positive, which in turn involves preference
for positive skewness. Therefore, in contrast with the HAMA framework, the decay rate approach

posits moment preferences and does not comply with Brockett and Kahane’s (1992) critique.

Example

Let us consider a simple example in order to illustrate the mechanics of the decay rate approach
and compare it to the HMA model. The investment opportunity set consists in a risky return series
with yearly mean and standard deviation of respectively 15% and 25%, and a riskless asset deliver-
ing a return of 3% per year. The assets are thus similar to the risky and money-like assets used for
the mapping into the mean-variance setup in the previous example. Consider that the investor has

a target return of 5%. The decay rate maximization (13) leads to an optimal allocation of 85.27%

2Stutzer (2003) also presents a portfolio implementation of the decay rate approach for a non-Gaussian (and i.i.d.)
case. A mapping of HAMA into this non-Gaussian i.i.d decay rate approach can be implemented using the tools
described in the appendix of Hiibner and Lejeune (2021). The arguments and findings made under the Gaussian
version presented here remain valid under the non-Gaussian mapping. Consequently, we choose to only present a
mapping into the Gaussian version of the decay rate approach, which we think will be more intuitive to the reader.
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in the risky asset, and 14.73% in the riskless asset. Figure 1 reports the evolution of the shortfall
probability depending on the time horizon for the optimal portfolio. Two other portfolios are also
represented. The first one consists of an investment of solely 50% in the risky asset. The second is
more aggressive with a risky share of 125%, meaning that it holds a short position in the riskless
asset. It is clear from the figure that the decay rate of the shortfall probability is maximized for the
optimal portfolio. The slope of the relationship between shortfall probabilities and horizon is more

pronounced for this portfolio. Moreover, the shortfall probability is the lowest at each point of time.

When a tolerance probability is specified, it is possible to infer an investment horizon for which
the optimal decay rate portfolio respects the shortfall probability constraint. For instance, it takes
around 19 years for the optimal portfolio to respect a tolerance probability of 10%. This observa-
tion suggests that an HAMA type of investor with an investment horizon of 19 years, a tolerance
probability of 10% and a target rate of 5% will select the decay rate optimal portfolio for his/her in-
vestment. Indeed, at the 19-year horizon, the decay rate optimal portfolio is the only portfolio that
respects the shortfall probability threshold of 10% for a target rate of 5%. Note that by its nature,
the HAMA parameter A can directly be inferred from the target return ». In our example, a target
return of 5% implies that A\ = E[R)] — log(r) = 5.78%, where E[R,)] is the expected log return of
the optimal decay rate portfolio. Assuming Gaussian distribution of returns and implementing the
maximization under constraint given by the HAMA model in (1)-(2) with A = 5.78%, Q = 10% and
H=19, we obtain the same optimal portfolio as the one obtained by decay rate optimization. Other
pairs of horizon and tolerance probabilities also lead an HAMA investor to select the decay rate
portfolio as an optimal allocation. For instance, an investor with a horizon of around 30 years and a
tolerance probability of 5% will also choose the share of 85.27% in the risky asset. Therefore, there
is a direct mapping of the decay rate parameter, i.e. the target return r, into HAMA parameters
(A, H, and ). For a given target return r, there is one unique parameter \* and a multitude of
pairs (H*, Q) that reconcile the solution of the HAMA and the decay rate optimization problems.
As discussed above, it is possible to infer the risk aversion coefficient of power utility investors from
the decay rate optimal portfolio. For our example with a target rate of 5% and a portfolio with an
optimal risky share of 85.27%, the corresponding risk aversion coefficient amounts to 1.89. Hence,

if one considers investors with power utility functions, all HAMA investors characterized by A\* and
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with horizon and tolerance probability falling in the range of pairs (H*, 2*) share a risk aversion
coefficient of 1.89. This result suggests that decay rate investors trade off horizon and tolerance for
a given threshold return. If they want to target a shorter horizon, they need to be more tolerant

in order to obtain the given target return.

Note that a fair matching of the one-parameter decay rate model would require to use only one
HAMA parameter to replicate its optimal allocations.®> Table 1 reports results of such a matching.
For several pairs of the tolerance probability (Omega) and the investment horizon (H), the interval
over expected returns (lambda) is used in order to replicate the decay rate allocation obtained in
our example. The distance between HAMA and decay rate optimal weights, given by Equation

(18) and described later in this paper, is extremely small, indicating an accurate matching.

Table 1: Results of a numerical matching of decay rate optimal portfolio with HAMA optimization
where the interval over expected returns (lambda) is the only degree of freedom used.

H Omega lambda distance in weights H Omega lambda distance in weights
5 0.01 20.4% 0.00 20  0.01 10.3% 0.01
) 0.05 14.4% 0.00 20  0.05 7.2% 0.00
5 0.1 11.2% 0.00 20 0.1 5.6% 0.00
5 0.15 9.1% 0.00 20 0.15 4.5% 0.00
5 0.2 7.4% 0.00 20 0.2 3.7% 0.00
10  0.01 14.4% 0.00 25 0.01 9.1% 0.00
10 0.05 10.2% 0.00 25  0.05 6.5% 0.00
10 0.1 7.9% 0.00 25 0.1 5.0% 0.00
10  0.15 6.4% 0.00 25  0.15 4.1% 0.00
10 0.2 5.2% 0.00 25 0.2 3.3% 0.00
15  0.01 11.8% 0.00 30 0.01 8.3% 0.00
15 0.05 8.3% 0.00 30  0.05 5.9% 0.00
15 0.1 6.5% 0.00 30 0.1 4.6% 0.00
15 0.15 5.2% 0.00 30 0.15 3.7% 0.00
15 0.2 4.3% 0.00 30 0.2 3.0% 0.00

We have just seen that a decay rate allocation can be recovered using appropriate HAMA param-
eters. Let us now illustrate that the reverse is not necessarily true. Consider an HAMA investor
who selects the following inputs for one of his/her accounts: 2 = 10%, A = 4% and an investment
horizon H = 15 years. This investor finds it optimal to hold a share of 52.56% in the risky asset

in this account. This optimal portfolio yields an expected log return of 8.16%, which implies a

3We thank an anonymous referee who ask us for digging deeper into this direction.
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target return r of 7.42% (= exp (E[R,] — A\) — 1). However, when optimizing the decay rate for this
implied target return, the optimal share on the risky asset amounts to 126%, far above the optimal
share of the HAMA portfolio. The decay rate portfolio generates an expected return of 12.98% and
implies a value for A of 5.82%, which is inconsistent with the parameter initially selected by the
HAMA investor. The optimal share of 52.56% can be matched with a decay rate optimization with
a target return of 3.75% as input. However, this allocation delivers an implied A of 4.47% (i.e.,
8.16% - log(3.75%)), which is again inconsistent with the preference of the HAMA investor. The
reconciliation is not possible because the HAMA investor has preferences for horizon and tolerance
probability that do not match any of the pairs (H*, Q*) associated with a target return that is
consistent with A = 4%. This finding simply emerges from the fact that the HAMA framework

enables the investor to decouple preferences for horizon and tolerance probability.

There is another limit to the matching of HAMA allocation with decay rate optimization. Let us
now assume the following combination of HAMA parameters: Q = 5%, A = 1% and an investment
horizon H = 10 years. This combination generates an optimal share of 8.36% in the risky asset
and an expected log return of 3.88%. These statistics imply a target return r of 2.92%, which is
lower than the riskless rate of 3%. In this case, decay rate optimization would lead to an optimal
portfolio that consists solely of the riskless asset, as this allocation implies an instantaneous decay
towards a shortfall probability of 0. The efficient frontier of the decay rate approach therefore has
a lower bound equal to the riskless rate of 3%. It is thus too narrow to cover a whole range of

relevant HAMA optimal allocations, as the one underlined above.

Our example shows that the decay rate parameter, r, can be matched by appropriate HAMA param-
eters. However, the reverse mapping shows that the decay rate optimization does not necessarily
lead to an optimal allocation consistent with the one implied by HAMA parameters. All in all,
these examples point out that the HAMA model encompasses, and is more general than, the decay
rate approach. Moreover, the HAMA framework enables the investor to explicitly state objectives
in terms of investment horizon and to disentangle horizon and tolerance probability dimensions.
Another advantage of the HAMA approach lies in the absence of any utility assumption, while

decay rate allocations reflect optimal allocation of power utility investors. Finally, the formulation
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Figure 1: Evolution of the probability to fall short of a target rate of 5% with respect to the
investment horizon
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of the HAMA portfolio problem directly in terms of a shortfall probability constraint paves the
way to a straightforward introduction of the consideration for upside potential. This extension,

proposed in Section 2, is not obvious to address in the decay rate approach.

4 Mapping into a flexible three-parameter utility framework

In this section, we include the class of flexible three-parameter utility functions in the analysis
(hereafter FTP, see Conniffe, 2007; Meyer, 2010). Though the approach is not popular in the
portfolio selection literature (at least in part due to the complexity of its structural form), it is
the most general class of utility function suggested so far and is remarkably flexible in its capacity
to represent varying preferences for risk. The FTP approach is a generalization of Xie’s (2000)
power risk aversion (PRA) utility functions, but also encompasses other types of utility functions
including the hyperbolic absolute risk aversion (HARA) family (Merton, 1971). In particular,
the FTP form can replicate increasing, constant and decreasing absolute as well as relative risk
aversion characterizations (i.e., IARA, CARA, DARA, IRRA, CRRA and DRRA representations).
Moreover, the FTP function is characterized by three parameters, making the approach even with

the HAMA model as regards the available degrees of freedom once horizon, absent from the FTP

15



specification, is kept fixed. The fact that the FTP approach covers a wide range of risk preferences,
and that it is characterized by the same number of parameters makes it a serious candidate for a

horse race with the HAMA model. The FTP utility function is as follows:

with

1= ke (””H;l> >0 (16)

Parameters k,£ and o characterize the magnitude and shape of the risk aversion measure.
We refer to Conniffe (2007) for the different restrictions that can be made on parameters and
the corresponding types of risk aversion that these restrictions characterize. The FTP portfolio
selection problem consists in the maximization of the expected returns adjusted for “FTP risk”,

computed using a fourth-order Taylor series expansion of U(z):

Ly (17)

We implement a two-way comparison between the two approaches. First, we map the HAMA
parameters into the FTP framework by finding HAMA parameters that deliver optimal allocations
close to the ones derived with the FTP utility maximization. This mapping into the FTP class
of utility functions provides us with an assessment of the capacity of the HAMA model to repli-
cate the range of risk preferences covered by the FTP framework. Second, a reverse mapping is
implemented where we map FTP parameters into the HAMA framework. This reverse mapping
helps us to investigate whether the HAMA model covers optimal allocations that cannot be easily

replicated with the FTP utility optimization.

The HAMA (first mapping) or FTP (second, reverse mapping) parameters are found using

numerical techniques in order to minimize the relative point-wise distance in weights normalized
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by the sum of the absolute values of weights:

g \/Ef\;l(“}i_w?)Q
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where w; is the weight assigned to asset 7 in the targeted optimal portfolio, and w; its correspondent
in the HAMA or FTP portfolio. Nevertheless, portfolios can differ in the absolute values of their
exposures. Therefore, the same relative error in weights produces a greater distance for portfolios
with larger absolute exposures. For instance, if there is a relative error of 10% for a weight of 0.5,
this translates into an increment (w; — w; )2 of 0.0025, while the same relative error for a weight of
1.5 corresponds to a squared difference of 0.0225. By normalizing by the sum of the absolute values

of optimal weights, we obtain a comparable metric across portfolios with small and large exposures.

Data

For the practical portfolio implementation, we use the 10 domestic (US) industry portfolios pro-
vided by Fama and French. The database can easily be downloaded from Kenneth French’s website
and is widely used in academic research in finance.* The Fama-French industry portfolios contain
value-weighted assets and are regularly re-balanced. Each stock from NYSE, AMEX, and NAS-
DAQ exchanges is assigned to an industry portfolio at the end of June of each year in the sample.
This association is based on Compustat SIC codes for the previous fiscal year (or CRSP SIC codes
whenever Compustat SIC codes are not available). We use an updated version of the database
that consists of annual returns running from 1927 through 2013. Descriptive statistics and cross-
correlations of the industry portfolios are reported in Table 2. Consumer durables, denoted Durbl,
have the highest mean return, but they also make up the leading portfolio in terms of volatility
and kurtosis. This asset is thus expected to obtain relatively more weights in more aggressive
strategies, such as the growth-optimal strategy. Note that Durbl also displays the highest positive
skewness, meaning that a high excess kurtosis implies important upside potential. The Consumer
Non-Durables (NoDur) and Telecommunication ( Telcm) portfolios are the least volatile portfolios,

with returns close to a normal distribution (i.e. with skewness and excess kurtosis at near zero, and

“http://mba.tuck.dartmouth.edu/pages/faculty /ken.french/data_library.html
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with Chi-square statistics that fail to reject the null of normally distributed data), and might then
be favored by more defensive strategies. Under the Other portfolio, assets assigned to the following
sectors can be found: Mines, Construction, Building Maintenance, Transport, Hotels, Bus Services,
Entertainment, and Finance. This portfolio has the worst skewness of all the industry portfolios,
with relatively important volatility. Cross-correlations among Fama-French’s domestic industry

portfolios vary between 0.39 and 0.88, indicating diversification potential in the asset universe.

Table 2: Summary statistics and cross-correlations of the asset universe. Assets are the 10 domestic
industry portfolios provided by Fama and French and available for download from Kenneth French’s
website. Value-weighted linear annual returns are reported for a period from 1927 to 2013. The
last column of the upper panel reports the p-values of a Jarque-Bera test for normal distribution.

Statistics mean std skewness  kurtosis JB pvalue

NoDur 0.127 0.192 -0.130 2.769 >0.50

Durbl 0.152 0.349 0.853 6.055 0.00

Manuf 0.130 0.242 0.399 5.561 0.00

Enrgy 0.134 0.218 -0.083 3.454 >0.50

HiTec 0.139 0.277 0.092 2.886 >0.50

Telcm 0.113 0.196 -0.050 3.207 >0.50

Shops 0.134 0.244 -0.091 2.712 >0.50

Hlth 0.138 0.217 0.152 2.666 >0.50

Utils 0.113 0.219 0.167 3.869 0.13

Other 0.116 0.237 -0.402 3.243 0.18

Correlations NoDur  Durbl Manuf Enrgy HiTec Telecm  Shops  HIth Utils  Other
NoDur 100%

Durbl 69% 100%

Manuf 1% 87% 100%

Enrgy 52% 58% 78% 100%

HiTec 59% 1% 79% 54% 100%

Telcm 59% 53% 56% 39% 63% 100%

Shops 87% 78% 79% 50% 72% 60% 100%

Hlth 74% 47% 61% 39% 59% 49% 2% 100%

Utils 64% 45% 52% 51% 50% 61% 59% 59% 100%
Other 83% 78% 88% 76% 2% 64% 81% 65% 64% 100%

Matching of FTP allocations with the HAMA model

The mapping is implemented in two steps, as follows. First, we derive the optimal allocation of
the FTP model for selected ranges of values for its parameters. Second, for each optimal allocation
from the FTP model, we find the combination of the parameters of the HAMA model that replicate
the optimal allocation. This is implemented using a numerical routine that gives the set of HAMA

parameters that minimize the distance in portfolio weights. The first step requires the specification
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of reasonable and representative combinations of the three FTP parameters, k,£ and o. Except
for some combinations of parameter values that lead to well-known utility class, such as the PRA
and HARA family, described in Conniffe (2007), the literature is silent on the selection of plausible
values for the FTP parameters. We use values described in Conniffe (2007) as a starting point for
generating FTP allocations. In order to be as exhaustive as possible, we extend this range of pa-
rameter values and consider the following values for each parameter: k € [-2,—1,-0.5,0,0.5,1, 2],
€ €10.25,0.5,1,1.5,5,10] and o € [—0.05,—0.01,0,0.25,0.5, 1, 1.25, 1.5]. This selected ranges of val-
ues bring about 336 possible combinations of the three FTP parameters. We further test whether
these combinations of the FTP parameters are plausible. Indeed, some combinations might lead to
complex values for the expected utility. For instance, if K # 1 and 1 — k& (331_" — 1) /(1—0) <0,
the utility function (15) is not well defined. Moreover, as explained in Conniffe (2007), some combi-
nations of the parameters might lead to a negative Arrow-Pratt coefficient of absolute risk aversion.
We disregard these combinations in our analysis. Finally, several combinations of the parameters
lead to a risk aversion coefficient of 0, and the growth optimal portfolio is selected. As seen in the
previous section, the growth optimal is a special case of the HAMA model. Therefore we also filter
out any redundant allocations associated with the growth optimal portfolio. Due to these filters,
151 out of the initial 336 possible combinations of the FTP parameters are used in the mapping

analysis. For each parameter, the frequency of values are reported in Figure 4.

Table 3 reports the results of the matching analysis on the total sample of 151 allocations. In the
Panel A, the first four columns report statistics on the FTP parameters used to generate optimal
allocations to be matched. The next four columns report minimum, median, mean and maximum
values of portfolio statistics, and of the Arrow-Pratt coefficient of absolute risk aversion associated
with the optimal FTP allocations. The risk aversion coefficient display values from 0 to 19.7, with
an average at 6.1, which indicates that the selected FTP parameters cover a large range of port-
folio profiles, from very defensive to very aggressive profiles. The next three panels of Table 3 are
related to the optimized HAMA parameters that match all 151 allocations of the FTP framework.
The horizon dimension is fixed at H = 5,10 and 30 years. For a given horizon, the corresponding
panel reports the statistics for the HAMA parameters associated with all optimal FTP allocations.

Distance metrics indicate that the HAMA model is able to closely replicate the FTP allocations.
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Median and average distance values (not reported in the table) are around 0.02, and a maximum
value of 0.0514 is observed. The worst matching associated with the maximum distance value is
reported in Figure 2. The high distance value is mostly due to differences in the weights of the
Non-durable, Shops and Other assets, though the signs of the allocation are respected. Portfolio
weights of the two optimal allocations are nevertheless very close to each other, indicating that the
mapping is accurate. The results of this mapping analysis confirm the good performance of the
HAMA approach in the replication of FTP optimal allocations and its associated wide range of risk

aversion profiles.

Table 3: Matching of FTP allocations with the HAMA model. The upper panel reports statistics on
the FTP parameters and associated optimal portfolios. The next three panels report statistics on the
HAMA parameters that match FTP allocations for three different horizon: 5, 10 and 30 years. All 151
FTP allocations are matched. The maximum distance metric is equal to 0.0514.

Panel A FTP parameters Optimal portfolio statistics
k g s mean std skewn. kurt. risk av.
min -2.00 0.25 -0.06 0.12 0.12 -0.54 2.27 0.00

median  0.50 1.00 050 0.13 0.13 -0.27 2.33 4.99
mean 056 243 066 0.13 0.14 -0.30 2.54 6.09

max 2.00 10.00 150 0.16 030 -0.14 4.92 19.68
Panel B H = 5 years H = 10 years H = 30 years

A ~y Q A y Q A 0% Q
min 0.06 0.00 0.01 0.04  0.00 0.02 0.03 0.00 0.01

median  0.11  0.31 0.10 | 0.08 0.40 0.08 0.05 0.53 0.05
mean 0.12 034 0.11 0.08 0.42 0.09 0.05 0.57 0.07
max 0.53 3.04 0.32 0.19 0.99 0.35 0.50 3.75 0.26
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Figure 2:
Worst match of FTP allocations with the HAMA parameters. Distance metric D05t = 0.0514.
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Matching of HAMA allocations with the FTP framework

The reverse mapping proceeds as follows. We select a range of values for the HAMA parameters
and calculate the associated optimal portfolio allocations: H € [1,5,10,20], A € [0.01,0.05,0.1,0.15,0.2],
v €10,0.25,0.5,0.75,1] and 2 € [0.01,0.05,0.1,0.15,0.2]. It gives a total of 500 allocations. How-
ever, due to the risky aspect of Fama-French assets, some combinations of HAMA parameters are
too conservative, a no portfolio satisfies the shortfall probability constraint. Moreover, as in the
previous section, we also remove any redundant growth optimal allocation to avoid any bias in the
results. After the application of these two filters we end up with 153 HAMA allocations to be
matched. Next, numerical optimization techniques are used in order to obtain the FTP parame-
ters that minimize the distance between FTP optimal allocations and HAMA optimal portfolios.

Results are presented in Table 4.

Panel A reports statistics on HAMA parameters and their associated optimal portfolios. The
skewness and kurtosis of HAMA portfolios cover a large range of values, going from -1.55 to 0.89
for skewness and 2.39 to 9.46 for kurtosis. Panel B of Table 4 shows statistics on the optimized
FTP parameters, the distance metric and the optimal HAMA portfolios when the distance metric is

lower than (or equal to) 0.04 (i.e., for the best matches). Finally, Panel C reports the same statistics
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for the worst matches, i.e. those associated with a distance higher than 0.04. Extreme mean and
maximum values of the worst-match category underline the difficulties of the FTP model to replicate
some of the HAMA optimal portfolios.” A comparison of the statistics of the HAMA portfolios
of the two categories shed light on these difficulties. Portfolios in the worst-match category are
associated with a larger range of skewness and kurtosis values than the values observed for the
best-match category. This suggests that the HAMA portfolios of the worst-match category have
relatively unusually skewed and leptokurtic distributions. Figure 3 confirms this observation. It
reports the combination of values of skewness and volatility (left panel) and of skewness and kurtosis
(right panel) of the optimal HAMA portfolios. The red circles indicate portfolios within the worst-
match category, for which the distance metric is higher than 0.04. The blue squares represent
portfolios within the best-match category. The left panel underlines that although FTP allocations
fare quite well in spanning the volatility dimension, they struggle to cover extremely positive
and negative values of portfolios’ skewness. The right panel indicates that FTP allocations have
also hard time to mimic portfolios associated with an important kurtosis. The optimal HAMA
portfolios associated with large values of skewness and kurtosis tend to correspond to investors
with an important consideration for the upside potential of assets. Hence, the results of the reverse
mapping presented here suggest that the FTP approach is not able to replicate the HAMA optimal

allocations of these high-+ investors.

°In the matching of HAMA allocations with FTP parameters implemented in this section, we do not impose
boundaries on FTP parameters, which explains that the optimizer might visit regions associated with extreme values.
Imposing bounds on FTP parameters does not improve the matching.

22



Table 4: Results of the reverse matching. HAMA optimal portfolios, associated with the parameters
and statistics reported in Panel A, are matched with FTP parameters. Panel B shows statistics for the
best matches, i.e. those with a distance metric lower than or equal to 0.04. The worst matches are
reported in Panel C.

HAMA parameters Optimal HAMA portfolio statistics
Panel A H A ~ Q mean std skewn. kurt.
min 1.00 0.01 0.00 0.01 0.10 0.12  -1.55 2.39
median 5.00 0.15 0.50 0.10 0.15 0.22 -0.35 3.95
mean 8.79 0.13 0.43 0.09 0.14 0.22 -0.37 4.04
max 20.00 0.20 1.00 0.20 0.16 0.34 0.89 9.46
Panel B Optimal HAMA portfolio statistics
distance < 0.04 k ¢ o distance mean std skewn. kurt.
min -1.00 -0.54 -0.02 0.00 0.12 012 -0.71 2.39
median 0.79 1.00 0.01 0.01 0.15 0.21 -0.34 3.68
mean 0.74 2.19 0.04 0.01 0.15 0.21 -0.34 3.69
max 10.58 15.00 0.32 0.04 0.16 0.31  -0.05 5.86
nb of allocations 104
Panel C Optimal HAMA portfolio statistics
distance > 0.04 k 13 o distance mean std skewn. kurt.
min -1.53 -0.39 -0.02 0.04 0.10 0.13 -1.55 2.67
median 0.76 7.67 0.00 0.09 0.14 023 -0.67 4.34
mean 46.66 7070.40  0.25 0.12 0.14 023 -043 4.77
max 1000.00 58990.01 5.19 0.55 0.15 0.34 0.89 9.46
nb of allocations 49
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Figure 3: Values of volatility, skewness and kurtosis of HAMA portfolios used in the reverse mapping.
Blue squares indicate HAMA portfolios that are reasonably matched by the FTP model. Red circles
represents HAMA portfolios that cannot be replicated by the FTP model.
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Figure 4: Frequencies of values used for FTP parameters in the matching of FTP allocations with the
HAMA model.
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5 Conclusion

The paper compares a behavioral mental accounting framework to portfolio choice, HAMA, to
traditional utility approaches. HAMA takes the realistic view that, in practice, investors do not
know their own utility function, and have hard time to translate their risk attitudes into the coef-
ficients (like the risk aversion coefficient) used in these parametric setups. Besides, while investors
agree that the Gaussian assumption is not necessarily appropriate in practice, they have incomplete
knowledge about asset returns distributions. Instead of assuming any specific probability function,
investors (or their financial advisers) use empirical estimates for the first four unconditional mo-
ments in order to assess their probabilities of reaching or exceeding a financial objective. The
set of parameters required for solving their portfolio problem reduces to a threshold return (or a
VaR threshold), a tolerance probability, an investment horizon and a weight assigned to the upside

potential of portfolios.

We show that the HAMA model is not solely an intuitive tool for characterizing investor’s risk-
return attitudes, but that it also competes with traditional utility approaches, even very flexible
ones. While the HAMA approach covers optimal allocations obtained in Stutzer’s (2003) decay
rate optimization, which is analogue to the expected power utility criterion, and a general class of
flexible three-parameter (FTP) utility functions presented in Conniffe (2007); Meyer (2010). How-
ever a reverse-mapping exercise indicate that the reverse is not possible. Though also based on a
notion of horizon, the decay rate approach does not dissociate preferences for investment horizon
and tolerance probability, and cannot reproduce optimal HAMA portfolios associated with a target
return smaller than the riskless rate. The FTP approach, for its part, has hard time to replicate
HAMA allocations associated with extreme asymmetry and fat-tailness held by investors with a
large consideration for the upside potential of portfolios. These results indicate that HAMA covers

a larger set of heterogeneous risk profiles compared to those competitors.

The application of the HAMA framework is not limited to portfolio choices and has interesting
implications for future research. The framework has the potential to contribute to the literature

on multi-moment asset-pricing models, with interesting implications for the derivation of CAPM-
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type of equilibria (capital market line, security market line) under less restrictive assumptions than
traditional models (see, for instance, Kraus and Litzenberger, 1976; Simaan, 1993; Jurczenko and
Maillet, 2001). Moreover, as the HAMA risk measure (probability of shortfall) refers to a notion
of time, it can be matched with the one on Treasury securities (i.e. maturity or duration), which
is estimated with the information contained in multiple points on the yield curve. Information on
interest rates ensures the consistency of the framework with a non-constant term structure. Such
matching is not easily transportable to other risk measures. Through an arbitrage argument, a link
can be made between the risk and return of treasuries and a market portfolio, and market-wide
attitudes towards risk can be extracted. In particular, such a link can be used to endogenously
characterize the dynamics of expected market returns and its components. If market-wide attitudes
towards risk are a leading indicator of market sentiment, the estimation of these dynamics with
stock market and term structure data should enable us to test new predictors of future excess stock

returns and financial stress.
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