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EXECUTIVE SUMMARY
The design of default investment options in defined contribution (DC) pension plans is of critical
policy relevance, as many members of DC plans are incapable or unwilling to choose investment
strategies among the great variety offered to them. There is increasing international consensus that some
type of life-cycle strategy is desirable for default options, with decreasing risk exposure as the individual
ages. However, the specific allocation to risky assets (such as equities) at different ages is a matter of
much debate, both in academic and policy circles. There is also an on-going debate on the relative merits
of deterministic investment strategies with a fixed glide-path over the life-cycle and dynamic strategies
that take into account some supposedly long-term features of asset returns, such as mean-reversion.
The main goal of this paper is therefore to assess the relative performance of different investment
strategies. This is also done for different structures of the payout phase. In particular, it looks at whether
the specific glide-path of life-cycle investment strategies and the introduction of dynamic features in the
design of default investment strategies affect significantly retirement income outcomes.
The paper combines a stochastic analysis of the performance of different investment strategies for
different payout options with a historical analysis to test the findings of the stochastic simulation with
actual market data from Japan and the United States. The stochastic model using simulations of returns
of the different asset classes (cash, bonds and equities) generates, depending on the form of the payout
phase, stochastic simulations of income at retirement. In the historical analysis, all the strategies
examined have the same average allocation to equities during the accumulation period. Additionally, two
contribution periods are considered: 40 and 20 years.
The main conclusions and policy recommendations of this analysis are as follows:
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The relative performance of investment strategies depends on the type of benefits during the
payout phase. Life cycle-strategies do best when benefits are paid as life annuities and are less
valuable when benefits are paid as programmed withdrawals. Dynamic strategies seem to work
better with programmed withdrawals. A mixed of life-cycle and dynamic strategies may be
required when benefits are paid combining programmed withdrawals and deferred life annuities
bought at the time of retirement.



There is no “one-size-fits-all” default investment strategy. None of the investment strategies
dominate in all simulations. Some, such as those with low exposure to equities (less than 10%)
and those with overly high exposure to equities (more than 80%), generally proved inefficient.



Life cycle strategies that maintain a constant exposure to risky assets during most of the
accumulation period, switching swiftly to bonds in the last decade before retirement seem to
produce adequate results. They provide higher expected benefits for a given level of risk than
other life cycle strategies.



The introduction of dynamic management strategies can provide somewhat higher replacement
rates for a given level of risk than the more deterministic strategies, at least in the case of payouts in the form of variable withdrawals.



The length of the contribution period affects the ranking of the different investment strategies.
Life-cycle strategies perform better than fixed portfolio strategies when the contribution period
is short, for example 20 years. Longer contribution periods reduce the benefit impact of lifecycle strategies.
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I. Introduction
Defined
contribution plans
are becoming a
determining factor
of old-age income

Defined contribution (DC) pension plans play a key role in retirement
income systems in many countries and there is a growing trend to make them
mandatory or to enrol workers into them automatically. While DC systems are
still relatively young in most countries, they will be a determining factor of
old-age income adequacy for future retirees. This development underscores the
need to understand better the risks that affect the income provided by these
plans.

Retirement income
from these plans
depends, among
other factors, on the
type of investment
strategies

Four main factors determine retirement income adequacy in DC plans:
the length of the contribution and retirement period, the level of contributions,
management costs and investment strategies.1 This study focuses on the last
factor. DC plans often offer a great variety of investment choices to members,
from so-called conservative to more aggressive investment strategies. This
variety confronts individuals with the challenge to choose investment
strategies that most suit their situation and risk preferences. A rational
decision, therefore, requires a thorough understanding of investments and of
individual needs and expectations. Empirical research shows that many people
are incapable or unwilling to make such decisions and those who do are often
beset by serious behavioural handicaps.2 For this reason, the design of default
investment options (for those who do not make an active choice) is of critical
policy relevance.

The debate focuses
on adequate default
investment options

Default options are often regulated, especially in those countries where
DC plans are mandatory. Some have gone as far as designing a specific
investment strategy for the default option. There is increasing international
consensus that some type of life-cycle strategy is desirable for default options,
with decreasing risk exposure as the individual ages. However, the specific
allocation to risky assets (such as equities) at different ages is a matter of much
debate, both in academic and policy circles. There is also an on-going debate
on the relative merits of deterministic investment strategies with a fixed glidepath over the life cycle and dynamic investment strategies that regularly adjust
their portfolio based on past performance and value at risk.3

Designing defaults
requires considering
various issues such
as the weight of DC
pensions within the
overall pension
system

Policy makers need to consider various issues when designing default
options. In addition to being age-dependent, the design of default options
should consider other systemic factors, such as the weight of the DC pension
relative to the overall pension, the possibility of major consumption needs in
old age (such as health and long-term care), the expected contribution and
retirement period and the structure of the payout phase of DC pension plans
(e.g. life annuities or programmed withdrawals).4 There is a large research
literature on this topic and well-established models to determine the optimal
allocation to risky assets, which is summarized in a forthcoming publication
by the OECD and the World Bank (Hinz and Rudolph (WB), and Antolin and
Yermo (OECD), 2010).

This paper assesses
several investment

The main goal of this paper is to assess whether the specific glide-path of
life-cycle investment strategies and the introduction of dynamic features in the
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strategies identifying
those that provide
better expected
pension benefits for
a given benefit risk
…

design of default investment strategies affects significantly retirement income
outcomes. In particular, the analysis seeks to identify those strategies that
perform best and dominate others in the sense that they provide a higher
expected pension benefit for a given benefit risk level, with pension benefits
measured by the replacement rate. The paper also evaluates whether the
relative performance of different investment strategies varies with the structure
of the payout phase.

… from the point of
view of the regulator
…

The relative performance of different investment strategies is assessed
from the perspective of the regulator, who assumes that i) a large part of the
population, and especially lower income and younger households, are unlikely
or unwilling to make active investment choices; and ii) the relevant measure of
pension benefit risk for the average citizen and hence for a regulator is not the
standard deviation but the retirement income associated with the worst
possible outcome, for example, the retirement income such as 95% percent of
all the possible retirement income outcomes are above, as identified in Antolin
et al. (2009).

The results from this paper are then used to propose what may be
… and proposes
considered suitable default investment strategies once the acceptable risk level
suitable default
investment strategies and the extent of annuitisation in the default payout option are defined.
Choosing the default risk level and type of payout requires an in-depth
analysis of issues, such as the level and security of other sources of retirement
income, wage and employment profiles, bequest motives and liquidity
preference in old-age as a result of, for example, health shocks. Integrating
such factors is beyond the scope of this project.
The paper concludes
that life- cycle
strategies with
relatively high
exposures to equities
during most of the
accumulation period
that switch swiftly to
bonds in the last
decade before
retirement would
have provided
replacement rates
that are higher in
times of crisis
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Section II provides a review of the literature to put this study into context.
Section III assesses different investment strategies for different payout options
with the help of a stochastic model. Deterministic life-cycle strategies, that is,
those with a preset glide-path linked to age, seem to provide a relatively better
trade-off between retirement income and the risks associated that income will
fall to low levels. However, it is difficult to assess whether the dynamic
investment management strategies considered provide a better or worse returnrisk trade-off than deterministic life-cycle strategies. The decision may
ultimately be based on the risk profile of the individual in question. The
analysis also shows that the relative performance of investment strategies
depends on the type of benefits during the payout phase. Section IV examines
various life-cycle strategies in a historical context, using returns on equities
and government bonds. The main conclusion of such analysis is that life-cycle
strategies with relatively high exposures to equities during most of the
accumulation period, which switch swiftly to bonds in the last decade before
retirement, would have provided replacement rates that are higher in times of
crisis than a fixed portfolio with the same average exposure to equities over
the cycle. Moreover, the relative performance of different investment
strategies depends critically on the length of the contribution period. The role
of life-cycle strategies in providing higher replacement rates in times of market
distress is stronger the shorter the contribution period. For long contribution
periods, e.g. 40 years, the impact is weaker.
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II. Review of the main approaches to assessing investment strategies in DC plans
This section provides a non-exhaustive review of the academic work on
There are various
approaches to assess default investment strategies in DC systems. Recent papers have addressed the
issue of selecting default investment strategies using different settings and
different default
investment strategies alternative modelling approaches. Some papers use deterministic models,
while others use stochastic models or utility models. For instance, Shiller
Deterministic
(2005) sets up a deterministic model to assess the possible outcomes of a life
models are
cycle personal account option within Social Security in the United States. In
manageable
the proposal studied, part of the employees’ social security contributions (up to
4% of wages) was diverted into their individual account and hence offset by a
reduction in social security benefits. As a way of exploring the range of
outcomes, he ran alternative scenarios using 91 separate draws of 44-year
experiences of returns on US equities, bonds and the money market from 1871
to 2004.5 He finds that a baseline life-cycle personal account portfolio will be
negative 32% of the time on the retirement date after subtracting the reduction
in social security benefits. Workers would do better with a portfolio invested
100% in equities or with a more aggressive life-cycle portfolio.
Stochastic models
allow estimating a
wide range of
outcomes

Example of stochastic models can be found in Basu and Drew (2009,
2006). Stochastic simulations allow estimating the range of outcomes that
might be associated with factors such as longevity, capital market performance
or labour income uncertainty. Chai et al. (2009), Gomes et al. (2008), Horneff
et al. (2007), and Poterba et al. (2006) favoured the utility function approach
(Viceira and Campbell, 2002). These models assume that individuals smooth
their expected marginal utilities of consumption by selecting optimal
consumption, saving, investment and decumulation profiles. They generally
include stochastic mortality, asset classes’ returns and labour earnings.

Models focusing on
the optimal portfolio
generally conclude
that the optimal
share of equities
declines with age

Both Gomes et al. (2008) and Chai et al. (2009) show that, in the optimal
portfolio, equities are the preferred asset for young workers, with the optimal
share of equities generally declining prior to retirement. In particular, Chai et
al. (2009) show that, when both hours of work and retirement ages are
endogenous, the optimal share of equities still decreases with age, but equity
fractions are considerably higher over the life cycle than reported in studies
that do not allow endogenous retirement. There are many factors to consider in
assessing optimal long-term investment from an individual investor’s
perspective (see Larraín, 2007). Mitchell and Turner (2009) discuss the
importance of capturing human capital risk in models assessing pension
performance. Other characteristics influencing optimal portfolios include habit
formation, liquidity constraints and idiosyncratic labour income shocks (see
Bodie et al. 2009).

Models comparing
the outcomes of
different investment
strategies…

Several models compare outcomes of different investment strategies,
including life-cycle strategies. Gomes et al. (2008) compare popular default
choices for DC plans in terms of welfare costs. They compare the optimal path
obtained through a utility model (unconstrained case) with a “stable value”
fund (fully invested in bonds), two fixed portfolio strategies (with fixed
proportions in equities of 50% and 60%, respectively) and a life-cycle
investment strategy with a deterministic path that equals the optimal allocation
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in the unconstrained case for an individual with average risk aversion.6 They
show that the life-cycle strategy is the one that results in the smallest welfare
loss as compared to the unconstrained case, while at the other extreme, the
case with no equity investment leads to significantly lower asset accumulation
and consumption over the life cycle, particularly at retirement.
… find that
strategies with high
equity allocations
provide higher
pension wealth in
the long run

Basu and Drew (2006) examine the appropriateness of various asset
allocation strategies actually adopted by DC plans as default options in
Australia. They show that asset allocation strategies with higher allocation to
equities can be expected to result in higher wealth outcomes for participants.
Contrary to popular belief, they show that the potential and severity of the
most extreme outcomes do not seem to increase much with increasing
allocation to equities, when the risk is viewed in the context of falling short of
the participant’s wealth accumulation target. In addition, the life-cycle
strategies considered in their study are shown to reduce the variability of
wealth outcomes, but at the cost of producing much lower retirement wealth
than what participants can potentially accumulate by keeping the initial asset
allocation unchanged until retirement.

These models
highlight the
importance of the
“portfolio size
effect”

Basu and Drew (2009) introduce the notion of the portfolio size effect in
investment strategies. They simulate pension fund outcomes for different
variations of the conventional life-cycle strategies and compare them with
corresponding contrarian strategies that reversed the direction of life-cycle
switching (i.e. the investor initially invests in bonds and cash and gradually shifts
to equities). They show that, when excluding extremely poor outcomes (the worst
10%), the contrarian results are far better than their life-cycle counterparts. Lifecycle strategies reduce the impact of severe market downturns, but this comes at
the cost of losing significant upside potential. While this study demonstrates that
the design of life-cycle strategies matters, it fails to provide a convincing ranking
of strategies. In particular, ignoring the worst 10% of cases goes against the spirit
of the concerns of individuals and policy makers.

But these models do
not allow for a
proper risk-adjusted
performance
evaluation…

While these studies provide interesting results on how different life-cycle
strategies perform relative to fixed portfolio strategies as well as in relation to
the theoretically optimum strategy for a particular individual, they do not allow
a proper, risk-adjusted performance evaluation. The deterministic investment
strategies considered (both fixed portfolio and life-cycle ones) in Gomes et al.
(2008) and Basu and Drew (2006, 2009) have different average exposures to
equities and hence different risk characteristics than the reference or optimal
allocation. It is therefore not possible to separate the costs associated with a
lower average equity exposure from the cost of a sub-optimal life-cycle glidepath. This is achieved in Poterba et al. (2006), which examines how different
asset allocation strategies over the course of a worker’s career affect the
distribution of retirement wealth and the expected utility of wealth at
retirement. They compare a typical life-cycle investment strategy to an ageinvariant asset allocation strategy that sets the equity share of the portfolio
equal to the average equity share in the life-cycle strategy, and show that the
distribution of retirement wealth associated with both strategies is similar.
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…and do not
incorporate the
choice of payout or
the impact of
inflation and
longevity risk

Another important limitation of the previous studies mentioned is that
they fail to incorporate the choice of pay-out option and the impact of inflation
and longevity risk of retirement income. Horneff et al. (2007) compare
different standardised payout strategies to show how people can optimise their
retirement portfolios. They conclude that annuities are attractive as a standalone product when the retiree has sufficiently high risk aversion and lacks a
bequest motive. Withdrawal plans dominate annuities for low/moderate risk
preferences, because the retiree can gain by investing in the capital market.
Chai et al. (2009) also introduce fixed and variable annuities in their model.
They show that variable annuities generate higher levels of retirement income
flows as compared to fixed annuities.

This paper uses both
stochastic analysis
and historical
models to assess the
suitability of
different default
investment strategies
taking into account
both the
accumulation and
the payout phases

This paper uses both a stochastic and historical model to assess the
suitability of different default investment strategies from the perspective of the
regulator taking into account both the accumulation and the payout phase. As
it uses replacement rates as the main measure to assess the risk-return trade off
of different default investment strategies, it is also implicitly measuring utility,
although in a partial manner. The stochastic analysis also introduces different
options for the payout phase of pensions (constant life annuity, inflation-linked
life annuity, fixed programmed withdrawal, variable programmed withdrawal
and a combined arrangement mixing a programmed withdrawal with a
deferred life annuity). This requires considering the impact of post-retirement
risks, in particular, inflation and longevity, on the choice of the investment
strategy. In this context, we assess how different investment strategies can be
designed or combined in order to address the inflation and longevity risks. Our
stochastic model, however, does not capture all existing risk factors, in
particular the human capital risk. In order to simplify the comparison between
strategies, the study assumes a stable wage path, affected only by inflation
risk, as well as a fixed contribution period and a specific retirement age. These
assumptions simplify the analysis but could be relaxed in future research.

It also calculates
hypothetical
replacement rates
for a few life cycle
strategies using
historical data

The report also assesses the impact of a few life cycle strategies on
hypothetical replacement rates of DC systems using historical data on equity
and fixed income returns since the 1900s. The investment strategies compared
in the historical analysis have similar equity risk exposure on average over the
life cycle and hence offer interesting insights which can be contrasted with
those of similar studies such as Poterba et al. (2006).

III. Stochastic analysis of investment strategies for different payout options
Using a stochastic model of replacement rates in a DC plan, this section
Stochastic modelling
assesses investment strategies given different payout options.7 The model
of investment
produces 10,000 stochastic simulations of the savings accumulated at
strategies given
retirement given stochastic simulations of investment returns for different asset
different payouts
classes and inflation. The value of the assets accumulated at retirement is the
result of people contributing 10% of wages each year to their DC plan for forty
years, with wages growing from an initial wage of 10,000 currency units
according to a stochastic inflation rate with median 2% and a careerOECD JOURNAL: FINANCIAL MARKET TRENDS – VOLUME 2010 ISSUE 1 © OECD 2010
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productivity factor that depends on the age of the employee.8 Contributions to
DC plans are invested in various portfolios containing different initial
allocations of four asset classes -- cash, government bonds, inflation-indexed
bonds, and equities. Both types of bonds have an average duration of 6 years.
The basic statistical properties of the asset classes (mean and standard
deviation) are based on historical data (see Table 1).9
Table 1. : Return and volatility of underlying asset classes

Return

Volatility

Cash

3.7%

1.7%

Government bond

4.8%

3.0%

Inflation-indexed bond10

4.5%

1.9%

Equity

7.5%

20.0%

Three main
investment
strategies: fixed,
dynamic risk
budgeting and life
cycle strategies

The study considers three main families of investment strategies: fixed
portfolio, dynamic risk budgeting, and life cycle strategies. The fixed portfolio
strategy includes an all-bond strategy as the most conservative (equity-free)
strategy for comparison purposes.11 The life cycle strategies include various
deterministic strategies, which have a pre-set, age-dependant allocation to
equities as well as some dynamic strategies that consider other risk factors
(see Box 1).

Five payout options:
life annuities
(constant or inflation
indexed),
programmed
withdrawals (fixed or
variable) and
combined
arrangements

At retirement, set at age 65, the assets accumulated are transformed into
a pension stream depending on the structure of the payout phase. The study
assumes 5 different payout options: a life annuity that pays a constant nominal
stream of income throughout retirement; an inflation-indexed life annuity
where payments are indexed to inflation and are thus constant in real terms; a
fixed programmed withdrawal where the assets accumulated at retirement are
divided by the life expectancy at retirement; a variable programmed
withdrawal where payments vary according to capital gains of the remaining
assets and life expectancy at each year in retirement; and, finally, a combined
arrangement mixing a variable programmed withdrawal and a deferred
inflation indexed life annuity that starts paying at age 80.

8
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Box 1. Investment strategies

12

Fixed portfolio
The allocation to the four asset classes is constant over the life cycle. Four different initial allocations to equities
are considered: 0% (all-bonds strategy), 20%, 50% and 80%. The allocation in equities is re-balanced each quarter to
its initial allocation.
Life cycle strategies
Five different life cycle strategies are considered:










Linear decrease: the allocation to equities decreases according to a linear function of age. Three different
initial allocations to equities are considered (20%, 50% and 80%). At the end of the investment period
(which differs according to the payout phase), the allocation to equities is equal to 0%.
Step-wise linear approach: the equity allocation decreases according to a step function. Four different
paths are analysed, modelled following the Chilean “multi-fondos” and associated default brackets. In the
first path, the initial exposure to equities is kept constant at 25% during the first 10 years then drops to 15%
for the next 15 years, and to 5% for the last 10 years, corresponding to the minimum exposure to equities
defined in the default fund in Chile. The other paths follow the same logic and have initial exposures to
equities equal to 42.5%, 60% and 80%.
Piece-wise linear approach: the equity allocation decreases according to a piece-wise function. Four
different paths are modelled, following the approach taken by the Vanguard target date funds in the United
States. In all the paths, the initial equity exposure (20%, 50%, 80% and 90%) is kept constant during the
first 15 years and decreases linearly afterwards. At 65, the equity exposure reaches respectively 0%, 10%,
40% and 50% depending on the initial exposure. After age 70, the equity allocation is constant and the
exposure is respectively 0%, 0%, 20% and 30%.
Dynamic multi-shaped: this strategy is designed to optimize an individual person’s asset allocation over the
entire lifetime to best match the requirements during retirement. The optimization criterion which is
minimized is the expected shortfall in each year of the retirement period. The event of a shortfall occurs
when the pension plan of the person would not be able to satisfy a pre-defined level of consumption. This
level is set to 25% of the last income. Resulting from the optimization is an allocation rule which, for every
age, gives the optimal allocation depending on the income and the financial wealth of the person, which
again is subject to the performance of the underlying assets. This strategy is path-dependent.
Average multi-shaped: this strategy is driven by a target date strategy approach from age 25 to age 65.
Thereafter its dynamics is driven by a target risk approach. Until retirement age, the allocation to equities
corresponds to the average path among 10,000 optimized paths given by the dynamic multi-shaped model
described above. Four initial equity exposures are considered: 20%, 50%, 80% and 100%.

Dynamic risk budgeting
Each portfolio is allowed to change its asset allocation according to its risk budget. Portfolios with a larger risk
budget can be more aggressive in their investment strategy. The changes in allocation are limited to 20% both above
and below the initial allocation in equities (40%, 60% or 80%).For the strategy with an initial allocation of 20% in
equities, the equity allocation can decrease by 10% and increase by 20%. Reallocations occur quarterly.
The dynamic risk budget investment strategy (DRB) allows changes in the portfolio asset allocation depending
on the portfolio risk budget so that the higher the risk budget is, the more aggressive the asset allocation is (i.e. the
higher is the share of risky assets).
Given an asset universe -- for example cash, government bond, inflation-linked bond and equities -- the
Markowitz optimization leads to 13 different efficient asset allocations or portfolios (see table below). Then the DRB
investment strategy assigns an initial risk budget to each of these portfolios, defined as the maximum loss that a
portfolio can incur within 1 year. This maximum loss or risk budget is calculated by selecting the highest return loss for
each of the assets classes (it can be in different years for each asset class) over the projection period (40 years when
entering at age 25 and retiring at age 65 and buying a life annuity). These maximum loss returns are then weighted by
the share of each asset class in each of the 13 portfolios, resulting in the initial risk budget (row 1 in the table).
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Box 1 (cont’d). Investment strategies

The next period, the risk budget is recalculated taking into account the portfolio value changes given returns on
the different assets during that period, the contributions and the risk free rate of return. This new risk budget is
compared with the initial risk budget of the 13 investment strategies (row 1 in the table above). The asset allocation is
then changed to the asset allocation corresponding to the portfolio with the closest risk budget. An additional limit is
that the shift of portfolios above or below the current one can only be up to 2 positions. For example, starting with
portfolio 5, if the risk budget in the next period turns out to be, as result of returns on assets, contributions and the risk
free rate of return, 16% then the asset allocation will move to that of the portfolio 3. If it were to be 25%, the asset
allocation will become that of portfolio 6.

The main outcome is
a probability
distribution function
of replacement rates

The main outcome of the modelling exercise is a probability distribution
function of the replacement rate (the pension payment at different ages
relative to the final salary) an individual could expect to achieve at retirement
if contributing to a DC pension plan for forty years given the investment
strategy and payout option selected. The report simplifies the probability
distribution into a standard two-dimensional framework combining a measure
of return and a measure of risk. Given that the model is stochastic the report
uses the median replacement rate. The median has the advantage compared to
the mean of being less influenced by extreme outcomes.13

Replacement rates
vary with age for
non-life annuity
payout options

When considering payout options different than the life annuity, the
replacement rate varies at different ages. This issue is addressed by
calculating a weighted average of replacement rates across retirement ages.
The weights used are the probability of surviving at each age weighted by the
life expectancy at 65.14 This results in 10,000 weighted averaged replacement
rates for which we can calculate the median. This median replacement rate is
the measure of return used for each investment strategy.

The study uses
replacement rates at
the 5th percentile as a
measure of risk

Regarding the measure of risk, there are again several possibilities. The
report uses a measure that links the goal of individuals and policymakers of
reducing the likelihood of extreme negative outcomes in replacement rates.
The analysis identifies extreme outcomes with replacement rates at the 5th
percentile. Replacement rates below the risk measure therefore occur only
with a 5% probability. Conversely, 95% of all replacement rates simulated for
the given investment strategy and payout option would be higher than the risk
measure. As for the median, the distribution of replacement rates is weighted
by the survival probability to deal with the fact that replacement rates may
differ across ages.

It also examines the
concentration and
dispersion of
replacement rates

Additionally, the study also examines the concentration of replacement
rates below the risk measure linked to the 5th percentile replacement rates. A
high concentration is preferable as it means that replacement rates while being
below are close to the 5th percentile benchmark. The measure of

10
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concentration used is the probability that those replacement rates below the
replacement rate at the 5th percentile are within a shortfall of 5 percentage
points.15
Investment strategies
are examined with
the help of charts
plotting median
replacement rates
(return) against
replacement rates at
the 5th percentile
(risk)

The investment strategies for each payout option are examined in the
charts below, with the median replacement rate (measure of return) on the yaxis, and the level of risk (replacement rates below the level shown occur with
a 5% probability) on the x-axis. As a result, all investment strategies lie
around an “efficient frontier”, showing the trade-off between return and
associated risk. The risk-return plot for the case of the life annuity is shown in
Figure 1. Figure 3 shows the results of the simulation for the case of the
variable programmed withdrawal, while Figure 4 shows the result of
combined arrangements. The results for the inflation-indexed life annuity and
the fixed programmed withdrawal are not shown because they are not
substantially different from the others.16 The analysis below seeks to identify
those strategies that perform best and dominate others in the sense that they
provide a higher median replacement rate for a given risk level (or conversely,
a lower risk level for a given median replacement rate).

All bond strategies
and strategies with
low equity
allocations are
inferior

Independently of the payout option, the analysis shows that an all-bond
strategy and most strategies with very low equity allocations (less than 20%)
are seemingly inferior in the sense that there is always an investment strategy
that provides a higher return (median replacement rate) for a lower risk
(higher replacement rate at the 5th percentile).17 However, the concentration
of replacement rates below the 5th risk level is also highest for these strategies
(Figure 2). Indeed, while not considered, a strategy of investing exclusively in
inflation-indexed bonds of the right maturity would deliver the closest to a
riskless benefit, in the sense that the replacement rate would not be affected
by fluctuations in asset prices and inflation during the accumulation stage. For
very risk adverse individuals, such a strategy may be optimal.

Life cycle strategies
work best with life
annuities…

The relative performance of investment strategies depends on the form
that the payout phase takes. When the payout phase is either a life annuity or
an inflation-indexed life annuity, life cycle strategies provide a good trade-off
between return and risk. Focusing on figures 1 and 2, corresponding to the life
annuity payout option, life cycle strategies based on the stepwise and the
piecewise linear approaches, as well as the average multi-shaped approach,
show a higher median replacement rate for a relatively higher replacement
rate at the 5th percentile. Figure 1 shows that linear decrease life cycle
strategies are always dominated by stepwise strategies. Differences in
performance are of the order of 1-3 percentage points in the risk-adjusted
replacement rate. For example, the difference in the median replacement rate
between two investment strategies with the same average time-weighted
exposure to equities over the accumulation period (40%) is 1.1 percentage
points.18 The dynamic multi-shaped strategy seems to offer a much higher
median replacement rate at the cost of a relatively small reduction in the replacement rate at the 5th percentile. However, Figure 2 shows that it also
has the additional cost of a lower concentration of replacement rates below the
benchmark 5th percentile, resulting in a larger dispersion of replacement rate
below the 5th percentile which increases the risk of worst case scenarios.
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Figure 1. Life annuity: Median replacement rate vs. 5th percentile
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Figure 2.

Life annuity: Median replacement rate versus concentration
below the 5th percentile replacement rate
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Figure 3.

Variable Programmed withdrawal: median replacement rate versus the replacement rate
at the 5th percentile
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Notes to Figures 1, 2 and 3: The concentration measure used is the probability that all those replacement rates that
th
are below the replacement rate at the 5 percentile are within a shortfall of 5 percentage points.
Note:
Fixed portfolio with 0% in equities (1), 20% (2), 50% (3), and 80% (4);
linear decrease life cycle with an
initial exposure to equities of 20% (5), 50% (6), and 80% (7);
step-wise function with an initial exposure to equities
of 25% (8), 42.5% (9), 60% (10), and 80% (11); x piece-wise linear function with an equity exposure of 20% (12),
50% (13), 80% (14), 90% (15);
average multi-shaped function with an equity exposure of 20% (16), 50% (17),
80% (18), and 100% (19);
the dynamic risk budget strategy with an starting equity exposure of 20% (20), 40%
(21), 60% (22), and 80% (23); and + the dynamic multi-shaped (24).

When the payout phase is in the form of a programmed withdrawal
… while dynamic
(either fixed or variable), average multi-shaped investment strategies provide
strategies with
program withdrawals an improvement in the trade-off between the median replacement rate and the
replacement rate at the 5th percentile. Additionally, for the variable
programmed withdrawals the dynamic risk budget approach with 40% in
equities also provides a trade-off that requires lower decrease in the
replacement rate at the 5th percentile to achieve a higher median replacement
rate (Figure 3).19
Life cycle together
with dynamic
strategies work best
for combined
arrangements

The investment strategies that perform relatively better when having
combined payout arrangements are a combination of those chosen for life
annuity and programmed withdrawals payout options: the stepwise linear
approach starting with 60% in equities (number 10 in figure 4 below),20 the
average multi-shaped with 50% equities (number 17 in figure 4 below), and
the dynamic risk budget with 40% in equities (number 21 in figure 4 below).
Table 2 summarises the default investment strategies given the type of payout
option.
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Figure 4. Combined arrangements: median replacement rate versus replacement rate at the 5th percentile
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Notes: Fixed portfolio with 0% in equities (1), 20% (2), 50% (3), and 80% (4);
linear decrease life cycle with an
initial exposure to equities of 20% (5), 50% (6), and 80% (7);
step-wise function with an initial exposure to equities
of 25% (8), 42.5% (9), 60% (10), and 80% (11); x piece-wise linear function with an equity exposure of 20% (12),
50% (13), 80% (14), 90% (15);
average multi-shaped function with an equity exposure of 20% (16), 50% (17),
80% (18), and 100% (19);
the dynamic risk budget strategy with an starting equity exposure of 20% (20), 40%
(21), 60% (22), and 80% (23); and + the dynamic multi-shaped (24).
Table 2. Payout options and default investment strategies
Payout Options

Default investment strategies

Life annuities at retirement

Step or piece-wise life cycle strategies with medium exposure to equities (50-60%)

Programmed withdrawals

Average multi-shaped and dynamic risk budgeting with medium exposure to equities

Combined arrangements

A mix of investment strategies from the other two payout options

It is difficult to
choose between
dynamic and life
cycle strategies as
both provide
comparable
replacement rates

14

Dynamic management strategies deliver comparable replacement rates
than life-cycle investment strategies. Dynamic strategies provide at best a
marginal improvement in the trade-off between median replacement rate and
replacement rate at the 5th percentile than other strategies, in particular
deterministic life cycle strategies such as the step-wise and piece-wise
approaches. The dynamic risk budget strategy may fail because, despite taking
into account the situation of the markets at each period (i.e. being state
dependent), it is strongly pro-cyclical. The pro-cyclicality comes from the
design of the strategy so that the risk budget that is used to determine the
exposure to equities falls when equities’ returns fall (box 1). Consequently,
OECD JOURNAL: FINANCIAL MARKET TRENDS – VOLUME 2010 ISSUE 1 © OECD 2010

funds will sell equities when the market goes down. Moreover, the dynamic
risk budget approach also suffers from short-termism as it focuses on a shortterm risk measure.21 The dynamic multi-shaped strategy also offers attractive
risk-return trade-offs (Figures 1, 3 and 4), but fails to provide high
concentration below the 5th percentile (Figure 2). Consequently, there are
more scenarios with replacement rates lower than 5 percentage points below
the 5th percentile under this strategy than under other strategies. Finally, these
dynamic strategies may perform alright in certain situations like 2008, but on
average they do not seem to provide much added value relative to life-cycle
strategies.
However, when
focusing on worst
outcomes given by
the 5th percentile, life
cycle strategies
seems a bit better

Dynamic investment strategies may perform well when stock markets
suffer large losses just before people reach retirement. Although the median
replacement rate may be higher, the replacement rate at the 5th percentile, our
measure of risk, may not be higher than for life cycle strategies. Define
extreme market outcomes as those cases where stock markets fell by more
than 25% in any of the 5 years just before retirement. The results of this
sensitivity exercise (Figure 5) show that the median replacement rate is higher
for dynamic investment strategies.22 However, when focusing on the risk
measure, the replacement rate at the 5th percentile, dynamic investment
strategies do not outperform other strategies. Therefore, there is again a tradeoff between risk and return to consider.

Figure 5. Investment strategies when extreme market outcomes occur
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Notes::
Fixed portfolio with 0% in equities (1), 20% (2), 50% (3), and 80% (4);
linear decrease life cycle with
an initial exposure to equities of 20% (5), 50% (6), and 80% (7);
step-wise function with an initial exposure to
equities of 25% (8), 42.5% (9), 60% (10), and 80% (11); x piece-wise linear function with an equity exposure of 20%
(12), 50% (13), 80% (14), 90% (15);
average multi-shaped function with an equity exposure of 20% (16), 50%
(17), 80% (18), and 100% (19);
the dynamic risk budget strategy with an starting equity exposure of 20% (20),
40% (21), 60% (22), and 80% (23); and + the dynamic multi-shaped (24).
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The gliding path of
life cycle strategies is
also determinant

Finally, the shape of the life cycle strategy affects the trade-off between
risk and return in replacement rates. Focusing on the median replacement rate,
linear decrease life cycle strategies provide consistently lower median than the
other life cycle strategies (Figure 6). However, when focusing on the
replacement rate at the 5th percentile,23 linear decrease life cycle strategies
provide a higher replacement rate when initial equity is quite high, greater
than 60% (Figure 6).

Next section takes
this up

The results show that there is a trade-off between the median
replacement rate and the replacement rate at the 5th percentile when focusing
on the other life cycle strategies. Unfortunately, because these strategies have
different average equity exposures throughout the accumulation period it is
difficult to identify any with superior features. In particular, the analysis
cannot determine whether life cycle strategies that keep their exposure to
equities constant during the initial decades and have a steep decline just
before retirement provide a better risk-return trade-off.24 This issue is taken up
in the next section.
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Figure 6. Life annuity: life cycle strategies by their median replacement rate or replacement rate at the 5th
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IV. The performance of different investment strategies using historical data
This section uses
historical data on
equities and bonds
returns for Japan
and the United
States…

This section examines the performance of different default investment
strategies using historical data on equities and government bond returns for
Japan and the United States. The analysis focuses on four basic passive
investment strategies: a fixed portfolio and three life cycle strategies with
different pre-set glide-paths - that is, different equity exposures at each
specific point in the life cycle - but with a similar average exposure to equities
over the life cycle.25 This is done in order to maintain approximately the same
level of risk and thus make the strategies more comparable.

… to examine the
performance of
different life cycle
strategies

The previous section suggested that life cycle strategies perform better
than fixed portfolio strategies in the sense that they provide a higher
replacement rate for a given level of risk as measured by the 5th percentile. In
addition, the previous section failed to provide a clear cut answer on which
glide-path among different life cycle strategies provided a higher median
replacement rate for the same level of risk.

16
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This is done by
calculating
hypothetical
replacement rates for
cohorts retiring from
1940 to 2008

This section assesses whether, using historical data on returns from
Japanese and US equities and government bonds, life cycle investment
strategies would have performed better than fixed portfolios, and which life
cycle strategy would have done best. This is done by calculating hypothetical
replacement rates for cohorts retiring from 1940 to 2008 that would have
contributed continuously 5% of wages into a DC pension plan over a 40-year
period (from age 25 to age 65).26 The results are also compared with a 20-year
contribution period. At retirement, pensioners buy a life annuity given
government bond yields at the time. Consequently, the difference between
each cohort’s hypothetical replacement rates is determined by market
conditions during the accumulation period and at the time of retirement.

The life cycle
strategies examined
differ in their gliding
paths

The life cycle strategies are all of passive and deterministic, and differ
only in the shape of their pre-set glide-paths (Table 3). All three strategies
have the same average exposure to equities over the cycle (50%) and create a
similar degree of volatility in replacement rates, as measured by the standard
deviation. In the first life cycle strategy, the exposure to equities falls linearly
with age. The other life cycle strategies maintain the exposure to equities high
during the first decades to decrease swiftly in the last two decades before
retirement (i.e., after age 45) and in the last decade before retirement (i.e.,
after age 55).

Table 3. Life cycle strategies: equity share gliding paths (average equity exposure at 50)

Life cycle strategies (equity share gliding paths)
Linear
decrease with
age (LC1)

Constant equity share first
decades, declines with age in
the last two decades (LC2)

Constant equity share first decades,
declines with age in the last decade
(LC3)

25
30

100.0%
88%

67%
67%

58%
58%

35

75%

67%

58%

40

63%

67%

58%

45

50%

64%

58%

50

38%

47%

58%

55

25%

30%

52%

60

13%

13%

23%

65

0%

0%

0%

Age

Two contribution
periods are
examined

In order to test whether the length of the contribution period affects the
relative performance of portfolios and hence their impact on replacement rates,
the model calculates hypothetical replacement rates for two contribution
periods, 40 and 20 years.
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Box 2. The length of the contribution period and replacement rates given historical market returns
Based on Japanese and US historical evidence, an all equity investment portfolio would have always provided
a higher replacement rate than an all government bond portfolio, as long as the contribution period was long enough.
The figures below show the replacement rates that someone would have obtained from a DC plan having
contributed continuously for different periods (between 10 and 40 years) and converted the accumulated savings at
retirement into a life annuity at market rates (based on bond yields). The simulation is based on historical equity and
government bond nominal returns, inflation and annuity yields. Panels A and B show that someone who would have
contributed continuously for at least 30 years to an all- equities DC fund would have obtained most of the time a
replacement rate higher than someone contributing into a fund offering a portfolio invested solely in government
bonds.
As the contribution period decreases, an all-bond portfolio starts to provide higher replacement rates than an
all-equities portfolio for critical time periods. The hypothetical replacement rate for those retiring close to major stock
market crashes (e.g. 1919-20; 1929-31; 1974-1975; 2001-02; and 2008) would have been higher when holding an all
bond portfolio than an all equity portfolio if the period contributing to a DC plan would have been shorter than 20
years (panels C and D). In the case of Japan, an all-bonds portfolio would have provided a higher average
replacement rate during the two decades after the crash of the stock market and the property boom in 1989 for
contribution periods of 10, 20 and, maybe 30 years, but not for long-term contribution periods (40-years).
These results are in line with previous findings by Siegel (2007) and Dimson et al. (2002) and are the result of
historically high equity risk premia as well as a statistical property of equity returns known as mean-reversion, that is,
their tendency to move back towards a long-term value. The usefulness of such results, however, has been
contested by Schiller (2000) among others who have argued that future returns are uncertain and that the 20th
century, on which Siegel’s conclusions are based, was the most economically successful century in the short history
of the United States and will not necessarily repeat itself. While Dimson et al. (2002) cover sixteen different
countries, reaching similar results as for the United States, their analysis is also based on historical evidence. No
matter how long the contribution period is, one cannot be sure that future equity returns will beat bond returns. The
riskiness inherent to equities does not disappear with the investment period, as argued by Bodie (1995) among
others.
Despite this controversy, one major lesson from this kind of analysis is that the length of the contribution period
affects critically the relative value of equities and bonds. The shorter the contribution period, the more likely that
conservative portfolios, with high bond allocations can address the concerns over volatility in replacement rates.
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Box 2 (cont’d). The length of the contribution period and replacement rates given historical market returns
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B. 30-year contribution period
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Figure 7 compares the hypothetical replacement rates of a fixed portfolio
against the three life cycle strategies described above, all of which have the
same average exposure to risk (50%) over the investment period. All
strategies create a similar pattern in replacement rates and their standard
deviations are approximately equal. However, there are important differences
in the strategies that we turn to next.

All strategies have
the same average
equity exposure

Figure 7. Hypothetical replacement rates 40-yr contribution period for Japan and the US, 1940-2008
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Life cycle strategies
would have led to
lower replacement
rates on average

Life cycle strategies would have led to slightly lower replacement rates
on average. The median replacement rate over the period considered is the
highest for the fixed portfolio strategy. In the case of the United States,
hypothetical replacement rates from even the best performing life cycle
strategy (LC3) would have been below those of the fixed portfolio 76% of the
time (69% and 81% for the other two life cycles, LC2 and LC1, respectively).

Life cycle strategies
would have provided
protection against
market risk around
the time of three
major equity shocks

Life cycle strategies would have provided protection against market risk
around the time of three major equity shocks. The fixed portfolio strategy would
have provided higher replacement rates than the three life cycle ones for cohorts
who would have retired between the years 1940 and 1969 in the case of the
United States, and for cohorts retiring before the 1990s for the case of Japan.
Thereafter, on the other hand, in the case of the US, there are three main periods
when the fixed portfolio strategy would have provided a lower replacement rate
than at least one of the life cycle strategies, 1970-84, 2000-2, and 2008. All
three periods coincide with adverse equity performance. In the case of Japan,
life cycle strategies with the same exposure to equities than the fixed portfolio
would have provided a higher replacement rate since early 1990s, again
coinciding with a period of adverse equity performance. This demonstrates the
potential value of life cycle strategies in protecting pension benefits against
equity risk in the years prior to the retirement date. Finally, the shorter the
contribution period is the more protection life cycle strategies seem to provide
(figure 8) as there are more years-cohorts with a higher hypothetical
replacement rate. Additionally, box 2 shows that the relative merits of bonds
and equities in a pension fund portfolio depend critically on the investment
horizon. Based on historical evidence, with a 40-year contribution period, the
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all-equity portfolio would have provided a higher replacement rate than the allbond portfolio, confirming the results from the previous section (Figure 1).
However, with a shorter contribution period (under 20 years), the all-bond
portfolio would have done better during some critical years.
Figure 8. Hypothetical replacement rates 20-yr contribution period for Japan and US, 1940-2008
(Given market returns for a fixed portfolio and different life cycle strategies)
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Life cycle strategies
display lower
variability on an
annual basis

In addition, life cycle strategies display lower variability on an annual
basis. Volatility is commonly measured as the standard deviation. Considering
the standard deviation of replacement rates for each of the investment
strategies, life cycle strategies are as volatile as fixed portfolios with the same
equity exposure.27 However, considering volatility as the rate of change of
replacement rates from year to year, volatility in fixed portfolio is higher than
in any of the life cycle strategy that has the same average exposure to equities.
The volatility among the different life cycle strategies is quite similar.
However, the hypothetical replacement rates at each of the crisis period is
higher for the life cycle strategy keeping the equity exposure constant during
the first three decades and reducing it swiftly during the last decade.

Life cycle strategies
with a constant
exposure to equities
during most of the
accumulation period,
switching swiftly to
government bonds in
the last decade
before retirement
seem to perform
better

Life cycle strategies with a constant exposure to equities during most of
the accumulation period, switching swiftly to government bonds in the last
decade before retirement seem to perform better. The longer the investment
strategy maintains its exposure to equities the higher is the replacement rate.
Moreover, reducing the exposure to equities to zero in the last decade before
retirement permits to have higher replacement rates during the main periods of
crisis (1974-75; 2000-01; and 2008).28 For example, in 2008, this life cycle
strategy would have delivered a replacement rate of 23%, against 21.8% for
LC2, 19.5% for LC1 and 18.9% for the fixed portfolio strategy. This result is
driven by the fact that, firstly, for long contribution periods allocations in
equities deliver higher returns (as explained in box 2), and, secondly, due to
the portfolio size effect,29 extreme negative market outcomes have a strong
effect on retirement income only in the years just before retirement. Focusing
on the portfolio size effect, box 3 shows that when the portfolio size effect is
taken into account in order to assess whether different investment strategies
have the same risk exposure to equities, life cycle strategies would have a
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higher equity allocation in the initial years of the accumulation with respect to
the allocation used in the analysis of this section (Table 2). Consequently,
taking into account the portfolio size effect to determine the risk exposure to
equities will lead to comparable life cycle strategies with higher replacement
rates, reinforcing the positive effect of life cycle strategies described in this
section.
Box 3. Comparing investment strategies
The analysis of the performance of different investment strategies needs to take into account their different
exposures to risk. Therefore, any comparison of performance is only meaningful when comparing investment
strategies with the same overall risk exposure. The investment strategies examined in this paper are defined by their
allocation to equities and bonds. These allocations can be constant or vary over time. Consequently, in the case of
two investment strategies that have different equity allocation at different points in time in the life-cycle, there is a
need for a measure to determine whether they have the same overall equity exposure or not.
There are different approaches to measure the overall risk exposure to equities (risk exposure) of different
investment strategies over time. The simplest approach is to measure the overall equity exposure by calculating the
average exposure to equities over the life cycle. That is, the average exposure to equities of an investment strategy
is the sum of the equity allocation of the portfolio in each period divided by the length of the contribution period. This
is the approach used in the section above.
However, this time-weighted measure of equity exposure fails to consider the impact of the growing asset
base, the so-called portfolio size effect. The size of the portfolio determines the importance of the risk and impact of
the exposure to equities. For example, at the beginning of the accumulation for retirement, the assets accumulated
are relatively low while during the last years before retirement the assets accumulated can be quite large. Therefore,
a strong negative or positive increase in equity returns will have a different effect in the final accumulation just before
retirement depending on whether it occurs at the beginning or the end of the accumulation period. Consequently, a
30% exposure to equities has a different impact and different risk profile whether it is at the beginning or at the end
of the accumulation period.
In order to account for the portfolio size effect one could calculate a money-weighted or volume-weighted
average exposure to equities. This measure of the overall risk exposure to equities of different investment strategies
would use the size of the assets accumulated at each period in the life cycle. Unfortunately, this can only be done a
posteriori, once the entire accumulation process has run its course and the returns to the different assets comprising
the portfolio at each point in time are known.
However, to compare the performance of investment strategies with a similar overall risk exposure to equities,
the measure of risk exposure to equities needs to be defined a priori. A priori the size or volume of the assets
accumulated at each point in time are not known and, therefore, a volume weighted measure is not feasible.
Nevertheless, one could calculate a measure of the risk exposure to equities of different investment strategies
taking into account the portfolio size effect by weighting the share of equities in the portfolio at each point in time of
the accumulation period by the age of the individual. This measure reflects the idea that the older the individual gets
the bigger the weight for equity exposure needs to be, reflecting the idea that the size or volume of the assets
accumulated increases as people get closer to retirement. The measure could be enhanced by assuming a return on
investment during the accumulation period as well as a fixed contribution over time. Table 4 below shows different
measures of the overall risk exposure to equities for four different investment strategies. These four investment
strategies have the same overall risk exposures to equities when using the time weighted measure, 50%. However,
this is no longer the case when using any of the other three measures that account for the portfolio size effect. The
measures approximating for the portfolio size effect suggest that life cycle strategies may have a lower overall
exposure to risk than a fixed portfolio, and, within the life cycle strategies, the linear decrease with respect to age
may have the lowest overall exposure to equities.
These three measures that try to approximate the impact of the portfolio size effect require several
assumptions, in particular as regard returns on investment over the life cycle. Obviously, these assumptions are
arbitrary. This is the reason to use in the analysis of the current section the time weighted average measure of
overall risk exposure.

22

OECD JOURNAL: FINANCIAL MARKET TRENDS – VOLUME 2010 ISSUE 1 © OECD 2010

Table 4. Risk exposure to equities of different investment strategies
Fixed
portfolio

LC1

LC2

LC3

50
50
50
50
50
50
50
50
50

100
88
75
63
50
38
25
13
0

67
67
67
67
64
47
30
13
0

58
58
58
58
58
58
52
23
0

Simple average with respect to time
Average weighted by age

50.0
50.0

50.0
42.2

50.0
44.8

50.0
47.1

Average weighted by assets (assuming returns of 4.5% for
each asset class)

50.0

27.6

33.3

39.8

Average weighted by assets (assuming returns of 9% for
equities and 4.5% for government bonds)

50.0

26.1

31.3

38.0

Age
25
30
35
40
45
50
55
60
65

V. Conclusions and policy implications
This paper has
evaluated the
performance of
different investment
strategies…

This paper has evaluated the relative performance of different investment
strategies in DC pension plans given different designs of the payout phase. In
particular, it has assessed whether the specific glide-path of life-cycle
investment strategies and the introduction of dynamic management features in
the design of default investment strategies affects significantly retirement
income outcomes.

…within different
payouts, using a
stochastic simulation
of their performance

The analysis is based on a stochastic simulation of the performance of
different investment strategies. Performance is gauged in terms of the
expected pension benefit (median replacement rates) and the risk of low
benefits associated with each investment strategy. The risk measure used is
the pension benefit level below which lower pension benefits occur only with
a 5% probability. The concentration of pension benefits below this level was
also calculated to identify the risk of extreme negative outcomes.

A key assumption is
that salaries grow at
a stable rate that is
uncorrelated with
equity returns

A key assumption in the simulation is that salaries grow at a stable rate
and that this rate of growth is not correlated with equity returns. This allows
us to focus on the pension benefit measure chosen, the ratio of pension
benefits to final salaries or replacement rate. Antolin and Payet (2010) relaxed
this restriction and consider the impact of human capital, in particular
different wage paths and the experience of unemployment on replacement
rates derived from DC pension plans.

A historical analysis
using US and
Japanese data was

A historical analysis was also conducted to test the findings of the
stochastic simulation with actual market data from Japan and the United
States. Following Poterba et al. (2006), the strategies chosen in the historical
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conducted to test the
findings of the
stochastic simulation

analysis all have the same average allocation to equities during the
accumulation period. This ensures that the volatility of the resulting
replacement rates is approximately equal, making the comparison of actual
replacement rates meaningful.

The relative
performance of
investment strategies
depends on the type
of benefit during the
payout phase

The main conclusions and policy recommendations of this paper can be
summarised as follows:


The relative performance of investment strategies – measured in a
risk-adjusted manner - depends on the type of benefit during the
payout phase. Life cycle strategies do best when benefits are paid as
life annuities and are less valuable when benefits are paid as
programmed withdrawals. Dynamic strategies seem to work better
with programmed withdrawals. A mixed of life-cycle and dynamic
strategies may be required when benefits are paid combining
programmed withdrawals and deferred life annuities bought at the
time of retirement.

Life cycle strategies
with constant equity
exposure, switching
to bonds before
retirement perform
best



Life cycle strategies that maintain a constant exposure to equities
during most of the accumulation period, switching swiftly to bonds
in the last decade before retirement seem to perform best. The
historical analysis confirms that the value of such strategies stems
from the protection of pension benefits from major market shocks in
the years preceding retirement. These results confirm the importance
of the portfolio size effect identified by Basu and Drew (2009).

Dynamic investment
management
strategies can
provide somewhat
higher replacement
rates for a given
level of risk than
more deterministic
strategies , at least in
the case of pay-outs
in the form of
variable withdrawals



The introduction of dynamic investment management strategies can
provide somewhat higher replacement rates for a given level of risk
than the more deterministic or pre-set strategies, at least in the case
of pay-outs in the form of variable withdrawals. However, their procyclicality may affect their performance. They tend to sell equities
when prices fall and buy them when prices go up, missing in the
cumulative return of good times. Further research on such strategies
is necessary, as some of the ones considered suffer from a procyclical bias. It is possible that a dynamic strategy that considers the
long-term evolution of the equity premium and the nature of meanreversion in equity returns could capture some gains for pension
plan members as it has been suggested by Viceira (2009) and
Martellini (2009) among others.

The length of the
contribution period
affects the ranking
of the different
investment strategies



The length of the contribution period affects the ranking of the
different investment strategies. The historical analysis shows that
life cycle strategies perform better than fixed portfolios when the
contribution period is only 20 instead of 40 years. Longer
contribution periods reduce the implicit attractiveness of life cycle
strategies (as the higher replacement rates obtained in crisis periods
are offset by lower rates in boom times). For short contribution
periods, life cycle strategies and the type of gliding path become
more relevant to assure higher replacement rate outcomes in crisis
periods. These results call for further investigation of the impact of
the contribution period on pension benefits and the choice of
investment strategy, as in Gomes et al. (2008).
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The analysis also
highlights other
more technical
factors to consider
when designing
default investment
strategies.

The analysis in this paper also highlights other more technical factors to
consider when designing default investment strategies. Firstly, the difference
between the best and worst performing strategies is substantial, of the order of
1-3 percentage points in replacement rates. When accumulated over a typical
retirement period of twenty years, this implies a cumulative loss of benefits of
between one third and 100% of the final salary prior to retirement. Secondly,
it is the level of the average allocation to equities over the investment period
rather than the specific design of the glide-path what drives the level and
volatility of replacement rates. This result stresses the importance of
modelling based on individual utility or welfare functions that take into
account risk aversion, human capital, as well as other sources of retirement
income. Through such models, plan sponsors, providers and policymakers can
identify optimal asset allocations for representative individuals and hence
design suitable default investment strategies with specific weights for each
asset class. And finally, this study has highlighted the value of both stochastic
and historical analysis to understand better the value of different investment
strategies. While the strategic asset allocation, that is, the average allocation to
different asset classes during the accumulation period, is the main determinant
of the level and volatility of pension benefits, well-designed life cycle
strategies can help protect pension benefits from extreme negative outcomes
without jeopardising high replacement rates for the average generation.

Notes

1.

See P. Antolin (2010) for a comprehensive assessment of four of those factors.

2.

See the review by Tapia and Yermo (2007).

3.

Investment strategies can be passive, which are rule based and defined in advance (i.e., rules are
established at the onset), or active, which are based on the discretion and expertise of asset managers.
Within passive investment strategies one could distinguish between deterministic strategies (with rules
linking asset allocation to external factors such as age) and dynamic strategies (with rules linking asset
allocation to the performance of each asset class in each period of time). All investment strategies in this
paper are passive strategies.

4.

Individual circumstances, such as wage profiles and other forms of savings including housing wealth
should in principle also be considered, leading to individually-tailored default options.

5.

Antolin (2010) uses a deterministic approach when calculating hypothetical replacement rates from DC
pension plans given market conditions and using historical data on equities and fixed income returns.

6.

In the optimal path, the investor is fully invested in equities until his early thirties, the optimal portfolio
share of equities then declining steadily until it reaches a minimum of about 45% at retirement age and
increasing monotonically afterwards.

7.

See Scheuenstuhl et al (2010) for detailed explanations.
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8.

See figure 1 in Scheuenstuhl et al (2010). The model abstracts from issues related to human capital risk.
Using different, fixed wage profiles does not affect the results discussed herein.

9.

The return and volatility assumption of underlying asset classes used to generate simulations take into
account historical data from Germany from 1954 to 2008 but are not identical with the historical
experience. These return and volatility values are not much different when looking at historical data from
the United States. Scheuenstuhl et al (2010) provide detailed explanations.

10.

The short term volatility of the inflation linked bond is lower than the short term volatility of the
government bond, whereas the long term volatility of the inflation linked bond is higher than the one of
the government bond. This is mainly due to the impact of cumulative realized inflation volatility, which
increases over time.

11.

The actual portfolio allocation has no equities in it. It has 5% in cash, 22.5% in government bonds and
72.5% in inflation-indexed government bonds.

12.

Please refer to Scheuenstuhl et al. (2010) for more details on the different investment strategies, in
particular, dynamic strategies.

13.

This becomes relevant when having strong asymmetric distributions as the distribution of wealth over
long investment periods typically does.

14.

Additionally, one could also discount the replacement rate or calculate its net present value by using the
estimated discount factor or riskless rate of return. Scheuenstuhl et al. (2010) use this more complicated
measure and arrive at the same results herein.

15.

The standard deviation and the median could be similar for a distribution having all points concentrated
around the mean and a few large outliers and a distribution with less concentration around the mean but
less large outliers. However, the first distribution will have a higher concentration than the second one.

16.

See Scheuenstuhl et al. (2010) for the different graphs for all the different payout phases.

17.

The all bond strategy is actually a portfolio with 5% in cash, 22.5% in government bonds and 72.5% in
inflation-linked bonds.

18.

These strategies are the step-wise strategy with an initial allocation in equities of 60% (number 10 in
figure 1), and the linear decrease strategy with an initial allocation in equities of 80% (number 7 in figure
1).

19.

The dynamic multi-shaped investment strategy continues to provide a relatively better trade-off between
return and risk. However, when assessing the concentration of replacement rates below the 5th percentile
benchmark, the dynamic multi-shaped investment strategy has the additional costs of a larger dispersion
of replacement rates below the 5th percentile, which increases the risk of worst case scenarios.

20.

The piecewise life cycle approach, which performs relatively well with life annuity, performs quite badly
with programmed withdrawals.

21.

The dynamic risk budget strategy taps into a good idea (optimal investment strategies have to be state as
well as time dependent). However, they remain pro-cyclical (sell when the market goes down in order
reduce risk as the risk of losses has increased) and focus in the short-term (the risk budget is determined
by changes in returns in each period).
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22.

Figure 5 shows the median replacement rate, as well as the 5th and the 95th percentiles ordered
according to the measure of risk, the 5th percentile. Figure 30 in Scheuenstuhl et al. (2010) shows the
same results ordered according to the median. The later figure allows better to see the best performing
investment strategies according to their return (as measured by the median), while figure 5 according to
their risk.

23.

This is the measure of risk. Higher replacement rate at the 5th percentile is better because 95% of
replacement rates will be higher.

24.

This would be consistent with the portfolio size effect studied by Basu and Drew (2009).

25.

Box 3 provides a discussion of different approaches to measure risk exposure to equities over the life
cycle.

26.

See Antolin (2010) for an identical approach.

27.

The standard deviation measures the volatility of the different points in the distribution with respect to
the average replacement rate. As life cycle strategies reduce the overall average replacement rate, the
standard deviation (deviation with respect to the new average) is as large as with fixed portfolios.

28.

This result is only for deterministic life cycle investment strategies (which may be the main one that
pension funds would implement). However, for stochastic life cycle strategies (i.e., those that are not
only time dependent but also state dependant) this may not apply (Cairns, Blake and Down, 2005).
Stochastic life cycle strategies take into account when designing the optimal investment strategy when
the individual enters the market and the stochastic properties of his/her human capital.

29.

The portfolio size effect is quite important when designing investment strategies. Extreme negative
outcomes in equities only have a significant effect on retirement income when they happen in the last
years before retirement because then it is when people have large amounts of assets accumulated for
retirement. During the first years of accumulation an extreme negative outcome in equities would have a
relatively small impact as the amount of assets is quite small. This is why, it is important to keep high
exposure to equities during the first decades and switch swiftly to bonds in the last decade.
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