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1 Introduction

In many countries, the role of defined contribution plans is increasing, and govern-
ments are encouraging personal saving to substitute diminishing social security
benefits. In consequence, the investment of retirement assets is increasingly d-

rected by households rather than by the state or employer sponsors.

Finding optimal investment rules for long horizons is a complex task. Expected
long-run returns and risks are difficult to estimate®, while solving intertemporal de-
cision problems requires skills even economics curricula at universities seldom
comprise. Investors thus have to determine the optimal amount of resources de-
voted to finding the ‘right’ asset allocation, while governments and employers may
consider the costs and benefits of education programmes. The chosen asset allo-
cation, however, is not the only determinant of investor welfare. James et al.
(1999), for example, argue that standardising saving products, i.e. restricting
choice, may actually increase investor utility as it may lower administration costs

for these products.

When facing such trade-offs, estimates of utility gains and losses are useful. This
paper therefore quantifies the effects of sub-optimal portfolio choices. The magni-
tude of likely departures from optimality is gauged through an analysis of existing
life-cycle funds offered by mutual fund companies. These products are character-
ised through a predefined way of allocating an individual's fund portfolio through
the life-cycle, with age-phased reductions of the equity investment being the typical
element. Available products exhibit a wide range of possible allocation patterns,
so that different investor needs can be met. However, due to imperfect information,
search costs and other factors affecting investor decisions, it seems plausible that
investors do not pick the product best suited to them. | thus examine the utility loss
that stems from choosing a particular fund, which is available on the market, if an-
other available fund would be optimal. Additionally, sub-optimality is defined as

missing the optimal equity allocation consistently by a fixed percentage share.

' See Welch(2000) for evidence about differences in expectations about risk pre-
mia.



Having defined the extent of sub-optimality, its costs are evaluated using an in-
tertemporal model of consumption and portfolio choice based on Bodie, Merton
and Samuelson (1992). Utility losses are defined in terms of certainty equivalents
of consumption. The model involves a large set of assumptions about investor
preferences and circumstances, which are often hard to derive from empirical
data. However, sensitivity analyses demonstrate the robustness of the results. For

a representative parameterisation, they can be summarised as follows:

An individual who, from the age of 30 to the age of 65, saves roughly 16% out of
current income to build up retirement assets, foregoes about 0.15% (1.5%) of con-
sumption if the equity share in retirement assets is consistently 10 (30) percentage
points above or below the optimal one. Choosing the wrong life-cycle product out
of a group of products which differ only in the timing of risk reductions leads to a
consumption loss in the range of 0% to 1.2%. This compares to a consumption
loss close to 1.3% which arises if the return on financial wealth is lowered by 0.3%
per annum during the accumulation phase. It is also illustrative to compare the re-
sults to those of Rodepeter and Winter (2000). They quantify the impact of non-
optimisation in intertemporal consumption-saving decisions, and conclude that
applying rules of thumb to solve the intertemporal consumption-saving problem can

easily reduce consumption by 10%.

Several conclusions can be drawn from the analysis. First, choosing a low cost
mutual fund or making the right consumption-saving decision may be more impor-
tant for the efficiency of retirement savings than picking the right asset allocation.
Second, restricting the choice of investors to a few standardised products will of-
ten have only modest effects on investor utility. Nevertheless, losses from sub-
optimality are not negligible, pointing to the importance of investment advice spe-

cifically tailored to an individual’s preferences and circumstances.

The findings can help investors and investment advisors to focus on the most im-
portant decisions when saving for retirement. Mutual fund companies can use the

results to find the right balance between offering customised products on the one

? Rodepeter and Winter (2000) do not address sub-optimality in portfolio choice.



hand, and saving costs through standardisation on the other hand. Similarly, the
findings are relevant for the design of mandatory, funded social security systems.
James et al. (1999) suggest that constraining individual fund choice may lower
fund administration expenses, mainly through dampening marketing expenditures
of investment companies. Based on an analysis of existing fee structures, they es-
timate annual expenses with constrained choice to be around 0.5% - 1% lower
than in a system where investors are free to invest in the retail market. This points
to another trade-off between standardisation and cost efficiency where estimates

of utility gains and losses are useful.

Related papers are Goodfellow and Schieber (1997) and Bodie and Kahn (1997),
who analyse the average composition of individual asset holdings and check
whether age, wealth and other factors affect asset allocation in a way predicted by
economic theory. Bodie and Kahn conclude that allocation decisions are ‘reason-
able’, but their criteria are weak, making it difficult to quantify what ‘reasonable’
means in terms of consumer utility. The criterion most relevant for this paper, for
example, is that ‘the fraction of assets invested in equities should decline as the
investor's age advances’ (p.14). In addition, even if average asset holdings of
people having the same age, wealth and other characteristics equal those derived
from an optimisation model, individual asset holdings might still be far away from
the optimum. Canner, Mankiw and Weil (1997) examine violations of the mutual-
fund theorem, which states that the composition of risky assets should not vary with
risk preferences. They find that violations of this rule evident in investment adwvi-
sors’ recommendations result only in small efficiency losses of about 20 basis
points in annual return. Jensen and Sgrensen (2000) analyse the utility loss from
imposing a minimum interest rate guarantee as an exogenous constraint on asset
allocation strategies. If the minimum interest is not too close to the risk-free rate,
and risk aversion is similar to the one assumed in this paper, utility losses are also

modest.

The remainder of the paper is organised as follows. Section 2 presents life-cycle
products offered by German mutual fund companies and motivates the assump-

tions about likely departures from optimality. In Section 3, | describe the way in



which the effects of sub-optimal portfolio choice are quantified. Section 4 presents

the results, which section 5 puts into perspective. Section 6 concludes.

2 Differences among life-cycle funds and likely departures from optimality

The main characteristic of life-cycle products, which are offered by many fund
companies throughout the world, is an automatic, age-phased reduction of equity
risk contained in an investor’'s mutual fund portfolio. | decided to analyse the Ger-
man market for life-cycle products, which was boosted by a change in mutual fund
legislation in 1998. The amendment created a new legal type of mutual fund meant
to be especially suited for private retirement savings. The fund type was named
‘Altersvorsorge-Sondervermogen’, which can be loosely translated as ‘pension
fund’. One of the requirements to qualify for such a fund is a maximum equity share
of 75%.°

Many Germany-based mutual fund companies launched such pension funds as
soon as this was possible (November 1998). | restrict the analysis to the five big-
gest German mutual fund companies, which are in alphabetical order (parent bank
in parentheses): ADIG (Commerzbank), DEKA (public sector banks), DIT
(Dresdner Bank), DWS (Deutsche Bank), and Union (co-operative sector banks).
At the end of 1999, the mutual fund volume managed by these five companies
amounted to 80.6% of the volume of mutual funds domiciled in Germany.* Written
information material describing the funds was obtained directly from the mutual

fund companies or from retail branches of the parent company.

Most of the companies launched several Altersvorsorge-Sondervermogen differing
in their average equity share. In the sales brochures describing the pension funds,
every company proposes how to reduce exposure to risk as the investor's age ad-

vances. The usual way is to recommend an exchange of the accumulated pension

* So far, Altersvorsorge-Sondervermégen do not have a material advantage
against other fund types when saving for retirement. The idea behind the creation
of this fund type was to increase transparency and to add it to the list of tax-
privileged saving vehicles.

* Source: Frankfurter Allgemeine Zeitung, February 9, 2000, p. 31.



fund units into a fund with a smaller equity share. These recommendations deter-
mine the character of the life-cycle products offered by the fund companies. In ad-
dition, the companies propose to structure the investment in these funds as a sav-

ing plan which involves regular contributions until retirement.

In comparing the life-cycle profiles, | focus on those with an initial equity share
close to 75%,> and | make several simplifications. For the chosen first stage funds,
the stated benchmark equity shares range from 70% to 75%. Given that this differ-
ence is not material, and noting that an equity share close to the maximum of 75%
would require frequent rebalancing, | choose the equity share to be 70% for all of
these funds. Differences in the strategic composition of equity holdings are ig-

nored, as are differences in fixed income or real estate investments.

One company, DWS, states that reducing risk before retirement is not necessary
with this particular fund. DIT recommends several switches into other, explicitly
named funds (their benchmark equity share is known). The remaining three com-
panies, while being specific on the timing of risk reductions, do not name a par-
ticular fund into which the shares of the pension fund should be exchanged. The
scheme proposed by ADIG involves a stepwise move into a less risky fund after
three quarters of the saving plan. DEKA and Union propose a gradual exchange
into less risky funds in the last three and four years before retirement, respectively.
To derive an allocation profile for these products, | choose the equity percentage of
the ‘less risky funds’ to be 25%. As the analyses of this paper are conducted on an
annual basis, | further assume that any changes in equity holdings come into effect

at the beginning of the year.

The allocation profiles of the five life-cycle products are shown in figure 1, assum-
ing the saving plan to last from the age of 30 to the age of 65. In addition, | include
the profile stemming from a popular rule of thumb: The optimal investment in equi-

ties is 100 minus one’s age (cf. Bodie and Crane, 1997).

There are various reasons for believing that the products bought by an individual

do not implement the optimal lifetime asset allocation. Even if one of the available

® These are the following funds: AS-AktivDynamik (ADIG), DEKA Privat-Vorsorge
AS, DIT-Altersvorsorge 35, DWS Vorsorge AS Dynamik, and Geno AS (Union).



products were indeed the optimal one, the investor may wrongly choose another.
This may be due to limited knowledge about other products and one’s own optimal
allocation profile. The associated information costs are one reason why product
choice could be affected by marketing expenses (see Sirri and Tufano (1998) for
evidence), or be biased towards companies one already owns funds of, an effect
likely to be in force in Germany where much of the mutual fund distribution is still

done through the local branches of the fund companies’ parent banks.

One sensible way of quantifying likely departures from optimality thus seems to be
the following: An individual for whom one of the six equity allocation profiles shown
in figure 1 is optimal, wrongly chooses another one out of the remaining five pro-
files. Since the fund companies seldom give explicit advice on portfolio allocations
after retirement, | further assume that the chosen equity share after retirement is

optimal regardless of the chosen product.

Another reason for sub-optimal choices may be that mutual fund companies try to
standardise products as well as investor advice in order to save costs. Typically,
customers will be offered only a limited number of equity allocations to start off
with, and only one path for risk reductions for a given initial equity share. Several of
the five fund companies analysed here offer life-cycle products with an initial equity
allocation of 50%, 70% or 100%. At least in the marketing brochures, the possibil-
ity of choosing yet another initial allocation, e.g. by combining two different prod-
ucts, is not mentioned. It thus seems likely that investors make sub-optimal choices
because they pick one of the few products offered to them. They can then easily
miss the optimal equity allocation by 10 percentage points. Judging from the di-
vergent views on the equity risk premium (Welch, 2000) or on optimal long-run eq-
uity allocations,® even greater mistakes seem possible. It is conceivable that an

individual chooses 100% or 50% equity even though 75% would be optimal.

These observations motivate the second way of modelling sub-optimal choices.
Before retiring, investors are assumed to miss the optimal equity allocation (again

defined through the six allocation profiles from above) consistently by 10, 20, or 30

® See, e.g., Thaler and Williamson (1994), and Bernstein (1996).



percentage points. After retirement, the portfolio structure is again taken to be op-

timal.

3 Methodology
3.1 Modelling optimal portfolio choice

Beginning with the papers of Samuelson (1969) and Merton (1969), many contri-
butions to optimal portfolio selection in a lifetime setting have been made. In this
literature, portfolio selection is analysed along with consumption and saving be-

haviour, labour supply, and demand for insurance.”

| follow the literature by rooting the portfolio problem in the modelling of optimal
consumption, but do not attempt to incorporate all facets of intertemporal optimi-
sation. Focusing on portfolio choice, | neglect some aspects to keep the analysis
tractable, including mortality risk, labour flexibility, non-tradable income, and utility
from bequests. The justification is not that these factors are irrelevant for portfolio
choice. Labour flexibility, for example, increases an individuals’ ability to bear f-
nancial risk (Bodie, Merton and Samuelson, 1992), while saving for bequests may
increase the amount of money invested in financial assets. Since the focus of this
paper is on optimal portfolio choice, however, | propose to take optimal decisions
in related choice problems as given. The simplification will mainly affect the pro-
portion of financial wealth to total wealth endogenously derived in the model. Obvi-
ously, this can change the costs of non-optimisation, but such effects can be
gauged by varying the parameterisation of the simplified model. Furthermore, | re-
duce the asset allocation problem to the choice between a riskless asset and a
risky one. The former can be thought of as an inflation-protected bond, the latter as

a stock index.

In essence, the model used in this paper is a discrete-time variant of the lifetime
consumption and portfolio choice model of Bodie, Merton and Samuelson (1992).

It can be summarised as follows. An individual lives from year O to T. She receives

’ See, e.g Richard (1975), Bodie, Merton and Samuelson (1992), Jagannathan
and Kocherlakota (1996) and Viceira (2001).



income from financial wealth and from labour. The present value of future labour in-
come is the individual’'s human capital H(t). Financial wealth can be invested in a
riskless asset earning a real return of r or in an equity index offering an expected

real return of a.

In each period, the individual's choice problem is to determine the optimal level of
consumption C(t) as well as the proportion of financial wealth invested in equity.
Formally, the individual's objective is to maximise expected discounted utility from
consumption:

L u(Ccw)
=Sarar: W

with u denoting the utility function and d the rate of time preference. Consumption
takes place at the beginning of the period. Maximisation is subject to the following
wealth constraint:

W(t+1

M) = W G

(2)
where W(t) denotes total wealth, which is the sum of financial wealth and human
capital, and r,, is the return on total wealth. Human capital is thus assumed to be
tradable. At the end of the individual's life, wealth is assumed to be zero
(W(T+1)=0).

The return of the stock index is assumed to be log-normally distributed:

In(Pt)/P(t- 1) = mp - §+s z, z~N(01) (3)

where z is a standard normal variate, s is volatility and mp is set equal to In(1+a) in
order to render the expected simple return equal to a. As in Bodie, Merton and
Samuelson, shocks to labour income Y(t) are assumed to be permanent and per-
fectly correlated with the equity index. In such a setting, there is a closed form solu-
tion to the consumption and portfolio problem, which greatly simplifies the com-
parison of various strategies. While the income-equity correlation will typically not
be perfect in the real world, empirical evidence suggests that it is significant. Using

panel data on individual earnings, Campbell et al. (2001) estimate the correlation



between income changes and the lagged equity return. Their estimates range from
0.328 to 0.5155, depending on education. In addition, section 5 contains an analy-
sis which suggests that the correlation assumption does not affect the results of

this paper.

The perfect correlation can be achieved by making wage income depend on z, the
shocks to equity prices. Formally, the logarithmic change in labour income Y(t) is

modelled as follows:

|nWawYa-nywm-EQ§§i+uosz (4)

with the parameter k(t) determining the variance of labour income in period t. The
growth rate of Dollar income is equal to exp(ny), and wages are assumed to be
paid at the end of the period. When calculating the present value of future income,
its riskiness has to be taken into account. The correct discount rate is r + k(t) (a —

r, so that human capital H(t) is defined as:

H® =S MU

So[1+r+kt)a- )] ®)

As can be seen from this formula, adding idiosyncratic income risk would not af-
fect the individual's behaviour, because it would leave discount rates and thus hu-
man capital unchanged. Rather, idiosyncratic income is treated as an implicit in-

vestment in the riskless asset.

3.2 Calibrating and solving the model

The purpose is to calibrate the model with reasonable parameter values such that
various asset allocation paths can be obtained as the optimal solution to the indi-
vidual’'s maximisation problem. Obviously, it is impossible to find a single set of
parameter values generally accepted as representative. The characteristics of in-
dividuals and their environments differ considerably, and even for a well defined
type of individual precise values for parameters such as income uncertainty are
hard to pin down. When introducing the parameter choices, | will therefore refrain

from extended justifications and discussions, but rather refer the reader to the sen-

10



sitivity analyses of section 5 which quantify the effects of individual parameters on

the results.

As is standard in the literature, the individual’s utility function is taken to be an

isoelastic utility function of the form u(C) =C"?/(1- ?), with g being the coefficient

of risk aversion. This choice implies constant relative risk aversion, i.e., the indi-
vidual's optimal exposure to risk is independent of her wealth. As demonstrated in
Merton (1969) and Samuelson (1969) it is also independent of time. The intuition
Is that the optimisation problem can be solved recursively, reducing the dynamic

problem to a sequence of independent one-period decisions.

In the framework chosen here, the individual cannot influence the riskiness of her
labour income, which leaves the composition of financial wealth as a means of
achieving the desired exposure to risk. | assume that the financial portfolio can be
rebalanced at the beginning of each year. Since there is no analytic solution to the
optimum risk exposure xr, the problem is solved using numerical methods.? Based
on the solution for xr, the optimum share of financial wealth invested into equity Xr

Is given through
Xe (1) = % + (X, - KE)H )/ F (). (6)

where F(t) denotes financial wealth. With k(t) increasing, human capital becomes
more risky, and the optimum equity share goes down. As long as the individual
wants to take some risk beyond that implied by human capital (k(t) below x;), eq-
uity investment increases with the ratio of human capital to financial wealth. In other
words, great financial risks can be taken if financial wealth is small relative to total

wealth.

The optimum overall exposure to risk also determines the expected return on the
individual’s wealth. Since the optimum risk exposure is constant, the expected re-
turn is constant as well. Together with the rate of time preference, the expected
return on wealth determines how attractive consuming today is vis-a-vis saving for

tomorrow. If both rates are equal, the increase in consumption made possible

11



through the positive return on savings is exactly offset by the accompanying dis-
count in utility. In such a case, the optimal level of consumption is equal to perma-
nent income, i.e. the annuity derived from investing current wealth at its expected

return.’

For a given combination of risk preferences and total wealth, the solution of the

intertemporal optimisation problem thus involves the following steps:
1) Determine xr, the individual's optimal exposure to risk.
2) Determine the optimum level of consumption given today’s wealth.

3) Determine xg, the optimum equity allocation within the financial portfolio given

the size and riskiness of today’s human capital.
4) Reassess 2) and 3) at each decision point.

In the base case parameterisation of the model, which is used for most of the
analyses, the parameters are set as follows. The optimisation is done from the age
of 30 to the age of 85. The risk-free rate is set at 0.02, while the expected return on
equity is 0.06 with a volatility of 0.175. Together with a risk aversion (g) of 5 this
makes the optimal risk exposure xr equal to 25% of total wealth. From these as-
sumptions, the expected return on total wealth is 0.03, which is also the chosen

rate of time preference d.

The individual earns labour income from the age of 30 to the age of 65. After that,
financial wealth, which is arbitrarily set to 25,000 at the age of 30, is the only
source of income. To model effects of mandatory public pension schemes | ex-
amine cases in which the individual has to contribute a fixed percentage of current
income to a public pension fund. The fund is assumed to earn the risk-free rate of
return. In addition, the individual's claims are tradable, meaning that they increase
current total wealth and influence the asset allocation policy. Within the model,

mandatory contributions and interest earned are recorded in a separate account

® As in Jagannathan and Kocherlakota (1996), the problem is solved by approxi-
mating the standard normal distribution by a 10-point discrete distribution which
has the same first 20 moments as the standard normal.

® Although the planned level of consumption is constant, realised levels will differ
due to unforeseen changes in wealth.



S(t), which is dissolved at age 65. This necessitates a slight modification of the
previous notation in (6). The rule for the optimal equity share in financial wealth be-

comes:

X7 (F() + H (1) + (1) - k(OH (t)

FO (7)

Xe (t) =

Mandatory savings affect the cost of non-optimisation by crowding out the accu-
mulation of financial wealth. The costs of deviating by x percentage points from the
optimum equity share in financial wealth decrease with the ratio of financial wealth

to total wealth. In the base case, the mandatory contribution is set to zero.

Labour income is assumed to be 50,000 (net) at the age of 30, with a zero ex-
pected growth rate. This is consistent with the flat income profiles reported by
Campbell et al. (2001) for education groups with no college degree.'® The riski-
ness of labour income is assumed to decrease linearly from 4% at age 30 to zero
at age 65, meaning that the parameter k(t) decreases from 0.229 to zero. As a re-
sult, the unexpected change in income from the age of 30 to the age of 65 has a
standard deviation of 0.14; the 90% confidence interval for pre-retirement income
ranges from 39,750 to 62,890. The initial income volatility matches empirical find-
iIngs on systematic permanent income risk. For high school graduates, Campbell
et al. (2001) estimate the annual volatility of permanent income shocks to be
0.103, and the correlation of aggregate income shocks (permanent plus transitory)
with stock returns to be 0.3709. Modelling permanent shocks through a one-factor
market model and assuming permanent and transitory shocks to have the same
correlation with equity, these figures imply that the systematic component of labour
income has a standard deviation of 0.3709 x0.103 = 0.038, which is close to the

value proposed above.

With these assumptions, human capital is 1,132,843 at the age of 30. At the ex-
pected rate of return, the planned level of consumption is 41,985 implying that the

individual saves roughly 16% out of her current income in order to finance con-

% One could also mention that liabilities (e.g. expenses for health care or chil-
dren’s education), which are not modelled here, typically rise with age, thus n-
creasing the income necessary to support a given level of utility.



sumption during retirement. The evolution of human capital and financial wealth is
shown in figure 2 for the case in which the realised return on equity is equal to the
expected return. The diagram also contains the evolution of the optimum propor-
tion of financial wealth invested in equity.'* The decrease in the optimum equity
percentage is due to the fact that the depletion of human capital and the accumu-
lation of financial wealth boosts financial wealth relative to total wealth. Holding
everything else constant, this increases the exposure to risk, which can be bal-

anced by reducing the equity share in the financial portfolio.**

As in other studies (e.g. Bodie, Merton and Samuelson, 1992), derived optimum
equity shares are above one early in the life-cycle. A common way of reconciling
this pattern with observed behaviour is to note that many young households hold
real estate financed with mortgage loans. Such a leveraged, risky investment sub-

stitutes equity investments.

This observation motivates the way in which optimum equity investments within the
model are calibrated to the ones recommended by available life-cycle products. |
assume that the individual has debt-financed investment in other risky assets M
such that the optimum equity share in the financial portfolio is equal to a prescribed
percentage X*:(t). Assuming, for simplicity, that the risk characteristics of these

other assets M are equal to equity®, the necessary investment in M is given by

M) =[x (1) - % ) F ). ®)

Any losses and gains from this investment as well as interest paid on M(t) are re-

corded in the separate account S(t) introduced above.

' The optimum equity share is the one before expenses for current consumption.
> There is a countervailing effect in this model, which is the decreasing riskiness
of human capital. With the parameters chosen here, however, this substitution ef-
fect is dominated by the wealth effects.

' Modelling this other investment similar to the modelling of human capital, i.e. as-
suming a lower volatility than equity, would not change the results.
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3.3 Comparing different asset allocation profiles

The effects of sub-optimal portfolio choices are analysed in the following way.
Given a certain asset allocation profile A which is optimal for an investor, the aim
is to quantify the utility loss stemming from choosing another profile B. For each
profile, | choose identical parameters and adjust leveraged investments in other
risky assets M(t) such that the planned optimum life-cycle allocation within the

model is equal to that recommended by A.

The different strategies are compared based on the expected utility of future con-
sumption at the age of 30:

&2 ulcw) ¢

30 t§l Wd) s 9)

| use Monte Carlo simulations to evaluate this expression. They have the following

structure:

1) Beginning with the age of 30, consumption and portfolio composition are de-
termined based on the expected return on wealth under the optimal strategy.
For all allocation profiles under analysis, the leveraged investments in other
assets M(t) are set such that the optimum equity share in financial wealth is
equal to that recommended by allocation A. If this would result in a risk expo-
sure below 0 or above 1 for the sub-optimal strategies, M(t) is capped to avoid
the possibility of bankruptcy.

2) The return on the risky asset is drawn for the following year, affecting the value
of human capital, financial assets and other assets. Gains or losses from other
assets M(t) are recorded in the separate account S(t).

3) The individual revises her consumption plan; the investment in other assets
M(t) is adjusted such that, for each strategy, the optimum equity share in finan-
cial wealth is again equal to the one prescribed by A. Both optimum consump-
tion and leveraged investment in M(t) will differ across the various strategies
when the recommended equity share differed in previous periods.

4) Steps 2) and 3) are repeated until the age of 85.



Steps 1) to 4) produce random consumption paths, which are translated into a util-
ity value using the chosen utility function and the chosen rate of time preference.
This exercise is repeated 20,000 times, and the resulting 20,000 utility values are
averaged to obtain expected utility. To reduce simulation error, every second run of
the simulations uses the negative values of the previous run’s random numbers.
Furthermore, | use the same set of random variables for all analyses conducted in
this paper, thus reducing errors when comparing results across different param-

eterisations.

As a final step, | compute certainty equivalents for the obtained expected utility lev-
els. The certainty equivalent is the risk-free consumption level which yields the
same expected utility as the one obtainable under risk. If, for example, following the
optimal profile A leads to a certainty equivalent of 40,000 (consumption p.a.), while
the sub-optimal profile B leads to 36,000, making the sub-optimal choice is said to
reduce consumption by 4,000 or 10%. In the base case, the certainty equivalent of

the optimal strategy is 37,678.

4 Results

First, | use Monte Carlo simulation to find an answer to the following question: If
one of the six allocation profiles presented in section 2 is optimal for an investor,
what is the utility loss when she chooses to invest in one of the remaining five
products instead? The analysis involves 6 times 20,000 simulations of consump-
tion paths from age 30 to age 85. In each of the six settings, the model of section 3
is calibrated such that one particular allocation policy is optimal, while the remain-

ing five are not.

The results of the analyses are summarised in table 1, which can be read as fol-
lows: the life-cycle product mentioned in the column header is the optimal choice,
while the row headers denote the products actually chosen. Table entries are utility
losses from sub-optimal choices in terms of percentage differences in certainty
equivalents of consumption.

The consumption losses range from 0.01% to 1.26%. As should be expected,

losses are small if the two life-cycle products under comparison are very similar.
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This is, for example, the case with the DEKA and Union products, which reduce
the initial equity share of 70% in the final four and three years before retirement,
respectively. If one starts to reduce equity share with a delay of one year (i.e.
chooses the DEKA product instead of the Union product), the utility loss is only
0.03%.

Utility losses are larger if the average equity shares of optimal and sub-optimal
products differ significantly. For example, the DIT has an (nweighted) average
equity share of 54%, while the DWS plan recommends a constant 70%. The loss
from choosing DWS instead of DIT is 1.16%. Intriguingly, utility losses are negligi-
ble if a smooth allocation path is approximated through a stepwise change in eg-
uity allocations. This is evident from a comparison of the DIT plan and the 100-age
rule. The utility loss from choosing DIT instead of following the 100-age rule is only
0.01%, even though the DIT captures the annual allocation changes proposed by

the 100-age rule through only four reallocations.

How big are utility losses if the timing of risk reductions is right, but the equity allo-
cation chosen before retirement is consistently below or above the optimal one?
The answer is given in table 2. Again, the six different profiles from above are
taken to be optimal. Sub-optimal choices are defined as consistently deviating by
10, 20, or 30 percentage points from the optimal allocation. Across the six profiles,
utility losses are similar in magnitude. As is also evident from table 2, utility losses
from underweighting or overweighting equity are largely symmetric. They amount to
1.32% - 1.58% if the chosen equity share is 30 percentage points away from the
optimum. The losses drop to 0.15% - 0.19% if the departure from optimality is only
10 percentage points. Since many fund companies offer allocation products only in
steps of 20 to 25 percent benchmark equity share, the maximum utility loss from

such a standardisation would be less than 0.2%.

So far, | have assumed zero mandatory savings, making accumulated financial
wealth the only source of retirement income. Table 3 shows the results from re-
peating the analysis of table 2 with mandatory saving levels changed to 5% and

10% of current income, respectively. The analysis is done for the ADIG product,
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whose asset allocation profile is intermediate in terms of average equity allocation

and the timing of risk reductions.

Increasing the mandatory savings rate from 0% to 5% roughly halves the losses
from sub-optimal asset allocations. The higher the mandatory savings, the smaller
is financial wealth, thus reducing the effects of misallocating financial wealth. At
age 55, for example, the expected ratio of financial wealth to non-financial wealth
drops from 95.4% to 54.2% if mandatory savings are raised from 0% to 5%. For a
mandatory savings rate of 10%, utility losses amount to less than one third of the

ones documented in table 2.

5 Putting the results into perspective

In the presentation of the results, two important questions were left open. How
much do the obtained figures depend on the assumptions? Assuming that we can

trust the figures, should the utility losses cause concern, or are they negligible?

As to the model of optimal portfolio choice, three aspects seem to merit particular
attention: the choice of parameters, the introduction of an additional asset for cali-
brating the optimal equity allocation, and the assumed perfect correlation between

labour income and equity returns.

To check the influence of individual parameters, | re-ran the analysis of the pre-
ceding section with model parameters changed. The variations from the base
case are as follows (they are not accumulating and, apart from E, the rate of time

preference is matched to the expected return on wealth):

A Increase both the risk-free and the equity return by 1 percentage point. This does
not affect the optimum exposure to risk, but changes the level of consumption

and the magnitude of financial wealth relative to human capital.

B Reduce equity volatility to 15% (from 17.5%). Holding other parameters con-
stant, this increases the optimum exposure to risk from 25% in the base case to
34.1%.



C Lower the risk aversion parameter g from 5 to 3. This increases the optimum

exposure to risk from 25% in the base case to 41.8%

D Increase the risk aversion parameter g from 5 to 7. This reduces the optimum

exposure to risk from 25% in the base case to 17.8%

E The expected growth of labour income is 1.5% rather than 0%, while the rate of
time preference is set to 2% instead of 3% in the base case (at an expected
return on wealth of 3%)."* The two changes have opposing effects on the incen-
tives to save early in the life-cycle. The latter makes the individual more patient,
while the former allows to increase current consumption by borrowing against
future income. The overall effect is such that the base case savings rate (16%)

is reached only at the age of 45.

F Assume that income volatility stays constant at 1.5% until age 65, rather than de-

creasing from 4% to zero.

The sensitivity checks are applied to the mutual comparison of the six profiles (ta-
ble 1). In each case, | take the ADIG product as the optimal one and determine the
utility loss from following another profile under different parameter constellations.

Results are presented in table 4.

In most cases, the parameter changes do not affect the derived utility loss in a
substantial way. For example, estimates of the loss from choosing the DEKA
product instead of the ADIG one are in five cases close to 0.26%. Changing the
risk aversion coefficient from 5 to 7 (variation D) has the biggest impact, which is
attributable to two causes. The higher risk aversion reduces expected return on
wealth, thus inducing the individual to accumulate more capital in order to maintain
consumption after retirement. Also, deviations from optimality hurt more with higher
risk aversion. Accordingly, utility losses decrease with a smaller coefficient of risk
aversion (variation C). In variation E, the individual saves much less in her thirties
and forties. As a result, the differences between the ADIG product on the one

hand, and DIT/Golden rule on the other, which are most pronounced during that

' The solution for optimal consumption if the rate of time preference and the ex-
pected return on wealth diverge can be found in Samuelson (1969).
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period, are diminished. Even such predictable changes, however, do not change

the broad picture presented in section 4."°

To compare the allocation profiles recommended by mutual fund companies, the
optimal equity shares had to be adjusted through the introduction of an additional
asset. Moreover, this asset was assumed to be perfectly correlated with equity re-
turns. To gauge whether my results depend on this device, | conduct simulations in
which the optimum equity share derived within the base case model of section 3 is
actually taken to be optimal. There is thus no need to introduce an additional asset.
Through simulations, | analyse the impact of missing this optimal path consistently

by 10, 20 or 30 percentage points.

In a similar fashion, | address the impact of making labour income perfectly corre-
lated with stock income. | modify the base case model by assuming the other ex-
treme to be true: income is riskless, so its correlation with equity is zero. This in-
creases both human capital and the optimal equity share within financial wealth. In
order to conduct a ceteris paribus comparison, | adjust annual labour income
(down from 50,000 to 46,970) so that initial human capital is equal to that in the
base case. This renders both the expected ratio of financial wealth to total wealth
as well as the expected path for the equity allocation in financial wealth identical

across the two parameterisations.

In both experiments, bankruptcy under sub-optimality is precluded by requiring the
overall exposure to risk to lie between zero and one. The results are summarised
in table 5. Apparently, both the introduction of additional assets and the assump-
tions about income risk do not have a significant impact on the results. There is no
substantial difference between the two experiments presented in table 5, sug-
gesting that the modelling of income risk does not effect the magnitude of utility
losses. In addition, the results are close to those of table 3, in which the same de-
grees of sub-optimality were examined for the six asset allocations recommended

by fund managers.

'> | also checked whether setting initial financial wealth to 1 (instead of 25,000) af-
fects results. The differences to the base case are 0.01% or less.



Taking the documented utility losses to be reliable, they do not seem to be negligi-
ble even though one may argue that there are other choice problems which em-
body larger potential costs from erroneous decisions. Rodepeter and Winter
(2000), for instance, show that applying rules of thumb to solve the intertemporal

consumption-saving problem can easily reduce consumption by 10%.

To facilitate the interpretation of a given utility loss, it is useful to formulate the life-
time consumption loss in present value terms. A loss of 1.5% (0.5%) over 55
years, discounted at 2% (the real return in the base case), is equal to 51% (17%).
Applying these figures to the results of table 1, an individual aged 30 should thus
be willing to forego roughly 17% of current annual consumption to someone who
guides him towards picking the optimal allocation out of the six profiles in question.
Someone wondering whether 70% or 100% equity are optimal might sacrifice
more than 50% of current consumption to get the correct answer. This supports the
interpretation that utility losses are not negligible, and suggests that the advice of

financial planners can be very valuable.

When choosing a fund for retirement savings, the fund’s allocation should not be
the only criterion to investors. Mutual funds often exhibit considerable differences in
fees and other expenses. If higher fees negatively affect net fund performance (for
evidence see Carhart, 1997), investors should watch out for lower fees. Among
the five funds analysed in this paper, there are large differences in fees. For ex-
ample, one of the funds charges an annual fee of 0.8% combined with an up-front
fee of 4%, while another has a 0.5% annual fee and an up-front fee of 3%. This
suggests that investors may forego more than 0.3% in annual return just through
the choice of an expensive fund. In a competitive market, such differences should
not persist. However, by increasing marketing expenditures, the very forces of
competition could drive up average administration expenses by 0.3% or more (cf.

James et al., 1999).

The utility loss associated with such administration costs can be evaluated by re-
running the simulations with the rates of return changed. During the accumulation
phase, | lower the annual return on financial wealth invested in the risk-free and

risky asset by 0.3%. As an effect, the return on total wealth is no longer constant.
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To find the optimum consumption path, | use a numerical search procedure which
determines permanent consumption each year anew after the return on the risky
asset has been realised. This is done for every run of the simulations. For each of
the six allocation profiles, these are compared to the certainty equivalents under
optimality in the base case. The difference is 1.3% on average, which is significant
relative to the differences documented previously. For example, it is close to the

utility loss from over- or underweighting equity by 30 percentage points.

6 Concluding remarks

Using a model of intertemporal consumption and portfolio choice, | have shown
that likely departures from optimal equity allocation reduce attainable consumption
by up to 1.6%. Small changes in the parameterisation do not change the results
materially, even though it is obvious that the proportion of financial wealth relative
to other assets affects the cost of non-optimisation. As shown in the paper, even a
small mandatory savings rate can substantially reduce the costs of choosing sub-

optimal allocations for financial wealth.

The documented utility losses are not negligible, stressing the importance of n-
vestment advice which takes individual preferences and circumstances into ac-
count. However, when fitting portfolio allocations to individual needs, costs and
benefits should be balanced. Small deviations from the optimal allocation pattern
do not cause material losses. On the other hand, they may serve to reduce admini-
stration and marketing costs incurred by the fund management companies and
thereby increase attainable fund returns. An example in point would be that avail-
able life-cycle products offer to investors a stepwise reduction of equity risk even

though phasing out equity smoothly will be more close to optimality in most cases.

Furthermore, getting the asset allocation right can be less important than reducing
the cost of investing in funds. Assuming that observed differences in fund fees lead
to equally sized differences in expected fund performance, choosing expensive
funds may do as much harm as missing the optimal equity allocation by 20 to 30
percentage points. Together with the documented small costs of standardisation,

the findings also support James et al. (1999) who argue that the benefits of con-



straining choice in mandatory funded security systems will outweigh the associ-
ated costs. James et al. estimate the saving potential to be up to 1% per annum; in
the framework of this paper, saving 0.3% per annum creates utility gains which ex-
ceed the maximum loss from being forced to pick one out of six allocation profiles

recommended by investment companies.
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Table 1

Utility losses from following sub-optimal lifetime asset allocations (in percent of cer-
tainty equivalents of consumption)

Chosen Optimal life-cycle product

product ADIG DEKA DIT DWS Union 100-age
ADIG 0.00 -0.26 -0.33 -0.57 -0.15 -0.31
DEKA -0.26 0.00 -0.73 -0.23 -0.03 -0.75
DIT -0.45 -0.91 0.00 -1.24 -0.80 -0.01
DWS -0.86 -0.36 -1.16 0.00 -0.47 -1.26
Union -0.16 -0.02 -0.64 -0.30 0.00 -0.63
100 - age -0.43 -0.92 -0.01 -1.24 -0.80 0.00

Key assumptions: The individual lives from age 30 to 85, receiving risky labour income from age 30 to
65. There are no mandatory savings. Based on an isoelastic utility function, the individual determines
consumption and chooses between a safe asset (0.02 return) and a risky one (0.06 return with 0.175
volatility). The rate of time preference is 0.03. The products' asset allocation path is depicted in figure

1. Additional details are given in the text.



Table 2

Utility losses from following sub-optimal lifetime asset allocations (in percent of cer-
tainty equivalents of consumption)

Deviation from opti-
mum equity share

Optimal life-cycle product

(percentage points) ADIG DEKA DIT DWS Union 100-Age
+30 -1.33 -1.32 -1.39 -1.32 -1.32 -1.39
+20 -0.60 -0.60 -0.61 -0.59 -0.60 -0.61
+10 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15
- 10 -0.19 -0.19 -0.18 -0.19 -0.19 -0.18
- 20 -0.74 -0.75 -0.69 -0.76 -0.75 -0.69
- 30 -1.58 -1.58 -1.50 -1.58 -1.58 -1.50

Key assumptions: The individual lives from age 30 to 85, receiving risky labour income from age 30 to

65. There are no mandatory savings. Based on an isoelastic utility function, the individual determines
consumption and chooses between a safe asset (0.02 return) and a risky one (0.06 return with 0.175

volatility). The rate of time preference is 0.03. The products' asset allocation path is depicted in figure

1. Additional details are given in the text.
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Table 3

Utility losses from following sub-optimal lifetime asset allocations (in percent of certainty
equivalents of consumption) for three levels of mandatory savings

Deviation from opti- Optimal life-cycle product is ADIG

[g:rrrgeer?t:g)é ;2?,2?5) No m&n;js:ztocr;/ssea)vings 5% mand. savings rate  10% mand. savings rate
+ 30 -1.33 -0.74 -0.32

+ 20 -0.60 -0.33 -0.14

+ 10 -0.15 -0.08 -0.03

-10 -0.19 -0.10 -0.05

-20 -0.74 -0.40 -0.17

-30 -1.58 -0.89 -0.37

Key assumptions: The individual lives from age 30 to 85, receiving risky labour income from age 30 to 65.
Based on an isoelastic utility function, the individual determines consumption and chooses between a
safe asset (0.02 return) and a risky one (0.06 return with 0.175 volatility). The rate of time preference is

0.03. The products’ asset allocation path is depicted in figure 1. Additional details are given in the text.



Table 4

Utility losses from following sub-optimal lifetime asset allocations (in percent of certainty
equivalents of consumption) under various parameterisations

Chosen Parameterisation (optimal product is ADIG)

product Base case A B C D E F
DEKA -0.26 -0.22 -0.21 -0.19 -0.45 -0.22 -0.28
DIT -0.45 -0.35 -0.30 -0.23 -0.88 -0.25 -0.48
DWS -0.86 -0.71 -0.69 -0.58 -1.50 -0.79 -0.93
Union -0.16 -0.14 -0.12 -0.12 -0.28 -0.13 -0.17
100-Age -0.43 -0.33 -0.28 -0.21 -0.86 -0.23 -0.45

The variations of the base case parameterisation are as follows:

A risk-free and equity return plus 1% vs. base case B equity volatility 15% instead of 17.5%
C risk aversion coefficient 3 instead of 5 D risk aversion coefficient 7 instead of 5

E wage growth 1.5%, rate of time preference = 2%

F riskiness of human capital constant at 1.5% instead of decreasing from 4% to zero
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Table 5

Utility losses from following sub-optimal lifetime asset allocations (in percent of cer-
tainty equivalents of consumption)

Deviation from opti- Optimum derived in life-cycle Optimum derived in life-cycle
mum equity share model with stochastic income model with riskless income
(percentage points) (Base case)

+ 30 -1.46 -1.53

+ 20 -0.65 -0.70

+10 -0.16 -0.19

-10 -0.19 -0.16

-20 -0.75 -0.70

-30 -1.61 -1.57

Key assumptions: The individual lives from age 30 to 85, receiving risky labour income from age 30 to
65. Based on an isoelastic utility function, the individual determines consumption and chooses le-
tween a safe asset (0.02 return) and a risky one (0.06 return with 0.175 volatility). The rate of time
preference is 0.03. The optimum asset allocation path is depicted in figure 2. Additional details are
given in the text. For the model with riskless income, annual income is reduced to match the initial

human capital of the base case model.



Figure 1
Lifetime equity allocation of five German mutual fund products and a popular rule of
thumb.
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Expected human capital, financial wealth and optimum equity investment in the
base case
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