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In 1992 Australia introduced a mandated 
system of retirement savings based on 
hard compulsion, known as the Super-
annuation Guarantee (SG). Under the 

SG, employers are required to make tax-
deductible superannuation contributions for 
their employees. Despite this being a rela-
tively inclusive and comprehensive retirement 
savings system, serious concerns over the 
retirement adequacy of Australian workers 
remain. In an effort to combat the pension 
liability of an aging population, exacerbated 
by increased life expectancy and rising health 
care costs, in 2012 the Commonwealth Gov-
ernment of Australia proposed to gradually 
increase the SG from 9% of workers’ earn-
ings to 12% over a seven-year period (see 
Exhibit A1 in the Appendix for the schedule 
of rate increases). A 12% SG is expected to 
improve the standard of living of Australian 
retirees.

While simply increasing the compulsory 
level of savings may seem like a straightfor-
ward solution to improving retirement ade-
quacy, added contributions are not without 
cost. A major risk facing workers is an unfa-
vorable sequence of returns in the years 
immediately prior to retirement. Unfavor-
able path dependency of portfolio returns, or 
“sequencing risk,” is recognized as a key risk 
facing the retirement portfolios of workers. 
The effect of sequencing risk increases with 

the size of the retirement savings portfolio, 
and for most workers is greatest in the decade 
immediately prior to retirement. Coupled 
with a suboptimal asset allocation strategy, 
the sequencing risk exposure of a larger port-
folio represents a significant risk to the retire-
ment portfolio of most workers under both a 
9% SG and a 12% SG. It should be noted that 
while a disappointing result can undoubtedly 
ref lect sequencing returns, it can also ref lect 
a low geometric average return that is inde-
pendent of how the returns are sequenced. 
In relation to increasing the SG, sequencing 
risk can undo, at least to some extent, the 
positive effects of a higher contribution rate 
on retirement security.

In this study we compare the old 9% SG 
with the 12% SG. We show that the retire-
ment adequacy of workers could be more 
simply improved through investment strategy 
design that mitigates sequencing risk rather 
than a broad-based increase in the contribu-
tion rate.

We use long-horizon historical returns 
data from various asset classes to simulate 
retirement outcomes of workers investing in 
typical asset allocation strategies. In contrast 
to using a single rate of return on retirement 
savings to model a single wealth outcome at 
retirement (Bateman and Piggot [1993]), we 
use Monte Carlo, bootstrap simulation, and 
stationary bootstrap simulation techniques to 
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model accumulation paths based on historical returns 
to derive a distribution of terminal wealth outcomes, 
defined as the workers’ portfolio value immediately 
prior to retirement. To investigate the virtues of arbi-
trarily increasing contributions to pension portfolios we 
use the retirement wealth ratio (RWR) and the associ-
ated income replacement rate (RR) as success measures. 
The RWR is the ratio of terminal wealth to final salary, 
while the RR is the retiree’s annual withdrawal rate 
as a proportion of salary immediately prior to retire-
ment. For the purpose of this study, these measures relate 
to the worker’s compulsory retirement savings under 
the SG only. They do not include any other sources of 
retirement income, such as the Age Pension or voluntary 
contributions, on the basis that the SG has become the 
main determinant of retirement adequacy for the bulk of 
middle class Australians (Bateman and Piggot [1993]).

The simulation results show that increasing the 
contributions of workers without appropriately altering 
the asset allocation strategy of such investments will con-
tinue to expose workers to sequencing risk that may 
undermine the objectives of the pension increase. In par-
ticular, asset allocation strategies with a higher propor-
tion of stocks are shown to be more suitable for achieving 
adequate retirement outcomes for workers invested in 
the “default” superannuation asset allocation option 
without the need for increased contributions. To counter 
the sequencing risk experienced by workers contributing 
a greater proportion to superannuation under revised SG 
provisions, we examine the effectiveness of competing 
asset allocation styles within the default option to offset 
this risk. Despite the higher volatility experienced in 
the portfolio, we find that increasing the allocation to 
stocks actually reduces the risk of workers experiencing 
adverse retirement outcomes in the accumulation phase 
of defined contribution (DC) superannuation plans. 
These results highlight that retirement adequacy can 
be improved through optimal investment strategy design 
rather than arbitrarily increasing contribution rates.

RETIREMENT ADEQUACY AND 
SUPERANNUATION POLICY

Retirement policy in Australia was designed as a 
three-pillar system: the age pension, the SG, and volun-
tary retirement savings (Piggott et al. [2001]). For the 
majority of workers, mandatory contributions under the 

second pillar are seen as the critical component aimed 
at reducing the dependency of future retirement ben-
efits on the government. Under the superannuation 
reforms in Australia in 2011/12, collectively known as 
the Stronger Super reforms, employers must channel 
mandated contributions only to low management 
expense ratio (MER) products with a single invest-
ment option. These low-cost default funds are off i-
cially authorized as “MySuper” products. The majority 
of workers do not deviate from the employer default 
fund (Commonwealth Treasury [2013]) and, although 
the reforms acknowledge the importance of the default 
asset allocation strategy, the superannuation legislation 
does not mandate a retirement income scheme, only 
an accumulation profile. Superannuation funds are not 
directly rewarded for maximizing the terminal wealth 
of their members or ensuring that the level of wealth is 
“adequate” for retirement.

Defining a level of wealth that is deemed “ade-
quate” is not simple. Since the retirement adequacy for 
most retirees depends on their desired lifestyle during 
retirement, a number of criteria need to be met. To 
better define adequacy, some scholars employ a pref-
erence-based calibration approach that uses constant 
relative risk aversion utility or constant absolute risk 
aversion utility to define retirement adequacy (Hurd 
and Rohwedder [2003]; Scholz et al. [2004]; Poterba 
et al. [2006]). These approaches have had very limited 
success.

A number of competing measures of retirement 
adequacy are based on terminal wealth. Terminal wealth 
is easy to operationalize and enables analysis of retire-
ment outcomes using a range of evaluation criteria. 
More importantly, the terminal portfolio balance rep-
resents the single most important objective that defined 
contribution (DC) scheme members aim to achieve 
immediately prior to retirement. An alternative but 
related measure of retirement adequacy is the income 
replacement rate (RR). The RR provides a target that 
is expressed as the annuity equivalent value of retirement 
wealth as a fraction of a person’s salary in the final year 
of employment. This measure is popular in the literature 
because it is very likely that people’s post-retirement 
expectations are closely linked to their pre-retirement 
income (Palmer [1994]; Moore and Mitchell [1997]). 
An income replacement rate of 65%-75% is commonly 
assumed for Australian workers and is comparable to 
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international rates (Binswanger and Schunk [2012]). 
Also derived from terminal wealth is the retirement 
wealth ratio (RWR), which is a useful measure of ade-
quacy because it frames the retirement target as the ratio 
of terminal wealth to final annual salary (Booth and 
Yakoubov [2000]). These benchmarks are accessible to 
the individual because they relate their retirement sav-
ings to their standard of living.

Portfolio Size Effect, Sequencing Risk, 
and Asset Allocation

Of great concern among workers in the accu-
mulation phase of DC superannuation plans prior to 
retirement is the portfolio size effect and the related 
phenomenon of sequencing risk. In the early years of a 
worker’s retirement savings plan, contributions account 
for the majority of the portfolio. However, as the returns 
on past contributions accumulate to become the main 
driver of terminal wealth, incremental contributions 
become less important, although many workers do make 
additional contributions as they approach retirement. 
The relationship between contributions and returns over 
time is the source of the portfolio size effect, which has 
been explored in Basu and Drew (2009).

Sequencing risk is the risk of experiencing returns 
in an unfavorable order during periods in which there 
are capital changes to the portfolio. Conversely, a favor-
able sequence of returns can result in “good” sequencing 
risk (Frank and Blanchett [2010]; Frank et al. [2011]). 
Sequencing risk is highly relevant to the issue of retire-
ment adequacy because a large market downturn 
occurring close to retirement could deplete a worker’s 
retirement nest-egg to the point where it may never 
recover.

Modern portfolio theory (MPT) assumes that 
wealth is a function of a series of time-weighted returns 
(Markowitz [1952]). This only holds in the rare case 
of an initial endowment with no subsequent changes 
in capital. The presence of continual contributions and 
withdrawals to and from a retirement savings plan is 
a major determinant of workers’ wealth. This forms a 
set of dollar-weighted returns from which the invest-
ment’s internal rate of return (IRR) may be derived. 
Dollar-weighted returns are intuitive to many workers 
but the concept rarely appears as a performance objective 
in portfolio management. MPT ignores the sequence 

of returns, which can substantially affect the terminal 
wealth of a retirement portfolio. The ability of superan-
nuation portfolios to achieve a dollar-weighted return 
target relies not only on the contributions into the 
portfolio (and withdrawals out of the portfolio), but 
also on the allocation of the assets in the portfolio, the 
changes in asset allocation through workers’ lives, and 
the sequence of returns.

Default Asset Allocation Plans

Default investment options that maintain a con-
stant proportion of asset classes, known as target risk 
funds (TRF), assume that workers have an inf inite 
investment horizon and maintain complete f lexibility 
over their retirement date. Target risk funds (TRFs) 
attempt to maintain the same level of risk through time 
by holding a constant proportion of growth and defen-
sive assets. TRFs are commonly employed in MySuper 
products at varying proportions of growth and defensive 
assets. TRF strategies can range from a 100% stocks to 
100% cash strategy. In addition to these two extremes, 
in this study we consider growth/defensive asset splits 
of 50/50 (moderate TRF portfolio), 60/40 (default 
option average (DOA) TRF portfolio), and 70/30 (bal-
anced TRF portfolio). We have elected to label each 
growth/defensive split in this way to provide a familiar 
description. In reality, the growth/defensive split that 
constitutes moderate or balanced often varies among 
superannuation funds (Gallery et al. [2004]).

Since workers generally have a finite investment 
horizon, target date funds (TDF) have since emerged. 
TDFs switch from growth to defensive assets according 
to a pre-determined glidepath as a worker approaches 
retirement. TDFs reduce the proportion of growth assets 
in the retirement portfolio as the worker approaches 
a retirement date using deterministic switching rules. 
TDFs have become a core product for investors saving 
for retirement, particularly in the U.S. (Estrada [2014]). 
But while lifecycle strategies implied in TDFs attempt 
to address the issue of a finite investment horizon, they 
are unable to appropriately position workers’ retirement 
investments to achieve a defined adequacy target. In 
the case of deterministic asset allocation strategies such 
as TRFs and TDFs, the asset allocation strategy may 
become inconsistent with an individual’s investment 
objective over time without corrective action.
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Portfolio adequacy based on a defined terminal 
wealth target can be better achieved by using target-
driven asset allocation strategies such as a dynamic life-
cycle strategy (DLC) strategy. The DLC strategy increases 
the allocation to riskier asset classes when workers’ port-
folio wealth is less than a defined adequacy target. The 
adequacy target could be defined in a number of ways, 
such as a target based on terminal wealth only or an 
income replacement rate or, as is the case in this study, a 
retirement wealth ratio. The glidepath of a DLC strategy 
is not pre-determined, because the asset allocation policy 
is not only dependent on a worker’s retirement date but 
also on the performance of the portfolio relative to a 
retirement target. When the portfolio wealth is greater 
than an adequacy target the allocation shifts toward 
more defensive assets, and when wealth falls below the 
target the portfolio shifts its weight toward growth assets. 
The DLC strategy is a f lexible approach that preserves 
terminal wealth as the primary objective, particularly 
in the presence of sequencing risk. This approach is in 
sharp contrast to the static and deterministic allocation 
strategies of TRFs and TDFs that make terminal wealth 
a secondary goal behind the goal of maintaining a pre-
determined policy portfolio.

We propose that simply increasing the SG provision 
alone may not materially improve retirement adequacy 
for all DC plan members, especially considering the cost 
of forgone consumption associated with increased contri-
butions that are being exposed to sequencing risk. Using 
a suite of robust simulation approaches, we consider the 
practical implications of an increase in the SG contribu-
tion rate and its impact on retirement adequacy.

METHODOLOGY AND DATA

The model used to generate terminal wealth out-
comes is
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where TW is the terminal value of retirement wealth, k is 
the plan contribution rate, r

t
 is the nominal rate of invest-

ment return earned in year t and r
u
 is the nominal rate of 

return in year t − 1, and n is the number of years before 
retirement. S

t
 is the annual salary in year t and is given by 

S
t
 = S

0
(1 + g)t–1, where S

0
 is the starting salary and g is the 

nominal salary growth rate. From Equation (1) it is clear 
that the contribution rate as determined by workers’ 
salaries through their lives, the investment horizon, and 
the asset allocation are the three main factors affecting 
retirement adequacy. While the investment horizon 
critically impacts a worker’s retirement adequacy, we 
exclude its impact in this analysis because few workers 
have much f lexibility in choosing their retirement date. 
Analyzing the effect of investment horizon on port-
folio outcomes has been considered in other analyses 
(Hickman et al. [2001]) but for model tractability we 
maintain a constant investment horizon.

For the simulation we use a monthly contribution 
model in line with the SG provisions that mandate at 
least a quarterly contribution frequency. We examine 
two competing SG contribution rate scenarios: the old 
minimum rate of 9% and the new minimum rate of 12%. 
These rates are kept constant over the entire investment 
horizon so as to compare outcomes under each con-
tribution regime. We also assume that the employee is 
fully employed during the entire investment horizon 
and hence contributions are a constant percentage of 
salary over time. Exhibit 1 outlines the basic simulation 
model inputs. Values are represented as Australian dollars 

E X H I B I T  1
The Hypothetical Worker

Note: Hypothetical worker’s wage profile and investment period. The 
starting salary of AU$55,000 is in line with the starting salary of 
Australian university graduates (Australian Bureau of Statistics [2013]). 
The salary growth rate of 4% per year represents an estimate of inf lation 
and some productivity gains to the employee.

E X H I B I T  2
Target Risk Funds—Growth/Defensive Splits

Note: Growth/defensive splits for the five TRFs through the investment 
horizon, which is given by the worker’s age.
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(AU$) throughout the remainder of the analysis but will 
be referred to only as dollars.

We examine seven asset allocations: the five target 
risk funds (TRFs), one target date fund (TDF), and one 
dynamic lifecycle fund (DLC). The growth/defensive 
split for each asset allocation through the hypothetical 
worker’s life is shown in the following tables. Exhibit 2 
shows that for the TRFs the proportions of growth and 
defensive asset classes remain unchanged during the 
investment period.

TDFs have deterministic glidepaths. The asset 
class proportions depend only on the worker’s retire-
ment date and the glidepath algorithm. We consider 
one TDF strategy with a glidepath that is a reasonable 
representation of the TDF strategies employed by super-
annuation funds. As Exhibit 3 shows, this TDF invests 
80% in growth assets and 20% in defensive assets for 
the first 20 years of the investment period before com-
mencing a linear switch from growth to defensive assets. 
The final asset allocation proportions were set at 56% 
growth assets and 44% defensive assets. Hence if the 
switch from growth to defensive assets commences in 
the 21st year of the strategy, the glidepath algorithm 
reduces growth assets by 1.2% per year for the next 
20 years until retirement date.

The DLC strategy is partitioned into three invest-
ment periods, as can be seen in Exhibit 4. For the first 
30 years the strategy invests in growth assets only, so that 
Australian stocks and U.S. stocks each comprise half of 
the portfolio. The rationale for the initial 100% alloca-
tion to growth assets only is that the objective of the 
worker is to maximize wealth over the first 30 years of 
the investment horizon. Consistent with lifecycle theory, 
the worker should have sufficient time to recover wealth 
in the final 10 years if stock market performances have 
been unfavorable.

The remaining two partitions are each five years 
in length and have slightly different asset allocation 
rules. For both partitions, the below-target portfolio is 
100% in growth assets. The above-target portfolio in 
the second partition is 80% in growth assets and 20% in 
defensive assets. The above-target portfolio in the third 
and final partition is 60% in growth assets and 40% in 
defensive assets. The rationale for the decreasing propor-
tion of growth assets in the above-target portfolios in 
each of the final two partitions is to reduce risk when 
the worker approaches retirement, so long as the worker 
remains above this target.

The DLC is a different lifecycle model to the TDF 
for two reasons. Firstly, the DLC strategy uses perfor-
mance feedback to control the asset allocation at any 
point in time while the TDF does not. Secondly, the 
DLC invests in 100% growth assets for 10 years longer 
than the TDF before the switching rules take effect.

The following asset allocation assumptions were 
made. A 5% allocation to cash (Australian T-bills in our 
empirical analysis) is always maintained if an asset allo-
cation strategy is invested in defensive assets, except for 
the 100% cash strategy. The remaining proportion of any 
allocation to defensive assets is made to Australian bonds. 
Where an asset allocation strategy is invested in growth 
assets, half of the proportion of growth assets is allocated 
to Australian stocks and half is allocated to U.S. stocks.

Data

We use monthly returns data of four asset classes 
obtained from the Global Financial Database. Nominal 
returns, including periodic cash f lows such as dividends, 
for Australian Stocks, U.S. Stocks, Australian Bonds, 
and Australian T-bills from October 1882 to February 
2013 are used as the basis for the simulation. The Global 

E X H I B I T  3
Target Date Fund—Growth/Defensive Splits

Note: Growth/defensive splits for the TDF through the investment 
horizon, which is given by the worker’s age.

E X H I B I T  4
Dynamic Lifecycle Fund—Growth/Defensive Splits

Note: Growth/defensive splits for the DLC through the investment 
horizon, which is given by the worker’s age.
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Financial Database adjusts returns data for survivorship 
bias. The use of monthly returns in this study replicates 
the monthly contribution frequency typical for most 
workers who contribute to a superannuation plan.

In this study, all asset class returns are in Austra-
lian dollar terms. The Global Financial Database uses 
exchange rate data to convert the returns for U.S. stocks 
from U.S. dollars to Australian dollars so the hypo-
thetical worker is exposed to foreign currency risk over 
the investment period. While an investigation into the 
impact that hedging this foreign currency risk would 
have on retirement outcomes is beyond the scope of 
this study, we acknowledge that hedging might provide 
retirement outcomes that differ substantially from the 
unhedged retirement outcomes of this study.

We recognize the issue of the purchasing power 
of a worker’s retirement savings through the use of the 
retirement wealth ratio (RWR), which anchors ter-
minal wealth to the price level of the year in which 
workers receive their f inal salary. We use Australian 
stocks and U.S. stocks as proxies for growth assets and 
Australian bonds, and Australian T-bills as proxies for 
defensive assets. While an international fixed interest 
asset class may comprise a share of retirement products 
in practice, we exclude these based on the reasoning that 
the majority of bond investments in default investment 
options are domestic (Morningstar [2013]).

Descriptive statistics of the returns data for each of 
the four asset classes used in this study are presented in 
Exhibit 5. For tax considerations, in Australia manda-
tory contributions, but not retained earnings, are taxed 

at 15%, and discretionary contributions in addition to 
the mandatory payments made during the accumulation 
phase are taxed at the investor’s marginal tax rate. In 
general there is no taxation of earnings or contributions 
beyond the age of 60. For simplicity the values obtained 
in this analysis exclude the effect of taxation on man-
datory contributions as well as after-tax discretionary 
contributions.

Simulation

We model using both parametric and non-para-
metric simulation methods to generate 10,000 accumu-
lation paths for each asset allocation from historical data. 
We selected three simulation methods to test for the 
robustness of results: Monte Carlo, standard bootstrap, 
and stationary bootstrap.

First, the Monte Carlo simulation draws returns 
from a normal distribution with a mean and standard 
deviation calibrated to the historical data. Although the 
Monte Carlo method is a versatile simulation technique, 
it assumes returns are Gaussian, it departs from the time 
characteristics of the historical data, and a basic applica-
tion of it generally fails to maintain cross-correlation 
between asset classes.

Second, the standard bootstrap process randomly 
resamples row vectors with replacement (Efron [1979]). 
This process generates 10,000 simulated 480-month-
long return paths from the underlying data series. This 
approach does not impose distributional assumptions 
and maintains historical cross-correlations between asset 

E X H I B I T  5
Descriptive Statisitcs of Monthly Returns Data

Note: Descriptive statistics of the monthly returns data for Australian stocks, U.S. stocks, Australian bonds, and Australian T-bills. The median, mean, 
and standard deviation include annualized figures in brackets.
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classes. It does not, however, preserve the time series 
characteristics of the data.

Third, we use the stationary bootstrap proposed by 
Politis and Romano [1994]. This is similar to the Efron 
[1979] bootstrap in the sense that it does not impose 
distributional assumptions on the data. It also retains 
cross-correlations between the returns of different asset 
classes and incorporates the time series characteristics 
of the data by resampling blocks of returns. The block 
length is randomly sampled from a geometric distribu-
tion and is based on the original block bootstrap method 
introduced by Kunsch [1989].

In the absence of a random block length this 
method requires the arbitrary specification of a fixed 
block length in practical settings (Bühlmann, [2002]). 
This simulation method is stationary because, by sta-
tistical inference, a moving block length permits the 
synthetic time series to be stationary; however, this is 
conditional on the underlying data being stationary as 
well. This feature allows the simulation to retain some 
of the serial dependence in the data while still generating 
the synthetic time series needed for our analysis.

Terminal Wealth Evaluation Criteria

We set the investment objective RWR target 
(RWR

target
) based on a nominal return target of 7% per 

annum. This is based on a typical superannuation fund 
objective of the average inf lation rate (represented by 
the consumer price index or CPI) plus 400bps. Target 
returns that are too high or too low are unsuitable for use 
in DLC strategies because the dynamic switching capa-
bility is compromised. Under the 9% contribution pro-
file, the RWR

target
 that is equivalent to the compounded 

accumulation of a fund achieving a 7% annual return 
over the investment horizon is 6.95 times final salary. 
Under the 12% contribution profile, the RWR

target
 is 9.27 

times final salary. The use of a common return target 
adjusts for different expected levels of terminal wealth 
because of different contribution levels.

While standard deviation is a useful measure of 
variability, for the RWR distributions we also use the 
lower partial moment (LPM) which represents downside 
risk for different levels of risk aversion (Bawa [1975] and 
Fishburn [1977]). The LPM is given by:

 1
[0,( )]

1

LPMPP
n

Max R[0,( WR RWRWWtarget T
t

n

∑ −Max R[0 ( WR= ∑λ
λ

−

 (2)

where RWR
target

 is the target outcome (determined 
above), RWR

t
 is the outcome for the t-th observation 

(t−1, …, n), n is the number of observed RWR model 
outcomes, and λ is a parameter representing the order 
of the LPM, which can be calibrated to the risk aver-
sion of the participant. We consider three LPM order 
parameters in the empirical analysis: λ = 1 is the prob-
ability of falling short of the RWR

target
(LPM

FS
), λ = 2 is 

the magnitude of the shortfall below RWR
target

(LPM
MS

), 
and λ = 3 is the below-RWR

target
 semi-variance (LPM

SV
). 

These are standard assignments used in distributional 
analysis (Fishburn [1977]).

We also use the Sortino ratio, which is a reward-
to-risk measure that does not penalize performance for 
volatility above the target outcome (Sortino and Price 
[1994]). The Sortino ratio is given by:

 [ ]2
1/2Sortino Ratio

RWR RWW WRT target=  (3)

where RWRWW T  is the mean RWR, RWR
target

 is the target 
outcome, and LPM

2
 is the second lower partial moment 

as defined above. An extension of this measure is the 
upside potential ratio (UPR), which combines upside 
potential and downside risk (Sortino et al. [1999]) and 
is given by:

 

1
[0,( )]

[ ]
1

2
1/2UPRPP

n
Max R[0,( WR RWRWWT tRWRWW argerr t

t

n

∑
=

−
−  (4)

The numerator is the first upper partial moment 
and the denominator is the second lower partial moment 
using RWR

target
. This measure allows us to consider the 

above-RWR
target

 outcomes adjusted for downside risk.

RESULTS

We conducted the simulations using all three 
methods as discussed above. However in the following 
results we focus only on the stationary bootstrap 
method for brevity. Here we only report on results that 
use the stationary bootstrap, because where the block 
size is random the results are less sensitive to block 
size misspecification than other methods (Politis and 
Romano [1994]). The full results are presented in the 
Appendix.
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RWR Distributions

The distribution of retirement outcomes must be 
considered when investigating retirement adequacy, 
not just average outcomes. Exhibit 6 presents the dis-
tributional statistics of the RWR for a 9% and 12% SG 
contribution rate. The median adequacy shows that, as 
expected, increasing contributions by one-third results 
in a one-third increase in the median RWR. This is 
equivalent to an additional $211,000 in retirement sav-
ings measured in nominal terms. Terminal wealth has 
increased by 4.15 times final salary, which equates to 
about $1.124M in nominal terms. Considering those 
outcomes in the tails of the RWR distributions, in addi-
tion to the central outcomes, provides more insight into 
what increasing the SG provision means for plan mem-
bers in terms of potential retirement outcomes. These 
results are in line with those of Bateman and Piggot 
[1993].

Increasing the SG contribution rate increases the 
mean, median, and range of the RWR distribution. For 
RWR outcomes on the lower end of the distribution, 
the absolute increase in retirement outcomes is more 
modest. Using an RWR of 10 (the 65% RR equivalent) 
as a benchmark that is useful for comparison, it is evi-

dent that the 25th percentile has been shifted above this 
level. Overall it appears that increasing the SG contri-
bution rate is effective in boosting many plan members 
above this adequacy threshold. Based on this finding, 
we reject the naïve hypothesis that increasing the con-
tribution rate from 9% to 12% has no impact upon the 
retirement adequacy of workers solely contributing to a 
superannuation fund. Note that, theoretically, the results 
in the following tables should differ by a scale factor 
of 1.33 (12%/9%). However, the time series generated 
by the stationary bootstrap may generate minor depar-
tures from the theoretical scale due to sampling from 
the approximated geometric distribution.

Exhibit 6 shows that the one-third increase in the 
contribution rate is accompanied by a corresponding 
increase in the standard deviation of retirement out-
comes. This is theoretically expected and empirically 
proved. However, raising the SG contribution rate, 
without appropriately adjusting asset allocation, also 
magnifies the exposure to sequencing risk. To show the 
real exposure to sequencing risk, Exhibit 7 also presents 
the lower partial moments for the 9% and 12% contribu-
tion rates using a balanced asset allocation and the appro-
priate RWRtarget

 for each SG. Recall that the RWR
target

 is 
higher for the 12% SG because workers 
are contributing more during their lives. 
Using a constant RWR

target
 would not be a 

fair comparison because ignoring the cost 
of additional contributions to the worker 
would make the retirement outcomes 
under a 12% SG appear better than they 
actually are relative to a 9% SG.

Exhibit 7 shows that the increased 
risk associated with increasing the SG 
contribution rate is very relevant to 
the issue of retirement adequacy. Each 
measure of downside risk, relative to 
the appropriate targets, has increased 
as a result of increasing the contribu-
tion rate; however, and as expected, the 
change in the shortfall measure is insig-
nificant, as is the upside potential ratio 
measure. Workers are 5% more likely to 
fall short of the retirement target, albeit a 
higher target, and the expected value of 
this shortfall has increased by 44%. The 
below-target semi-variance has doubled, 

E X H I B I T  7
Investigating Sequencing Risk

Note: Standard deviation of RWR, lower partial moments, and upside potential ratio for 
the 9% SG contribution rate and the 12% SG contribution rate using a stationary bootstrap 
simulation.

E X H I B I T  6
Distribution Statistics—Changing the Superannuation Guarantee

Note: Distributional statistics for the distributions of retirement wealth ratios for changes to 
the Superannuation Guarantee (SG) from a 9% contribution rate to a 12% contribution rate 
using a balanced TRF asset allocation. The IQRR refers to the interquartile range ratio using 
a stationary bootstrap simulation.
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indicating that workers are twice as exposed to down-
side sequencing risk. The increased risk relative to the 
retirement target is not entirely offset by the upside risk. 
The UPR has declined by 7% under the higher contri-
bution rate, which confirms that simply increasing the 
SG contribution rate does not necessarily improve the 
retirement adequacy of workers. If the contribution rate 
and the shortfall rate both increase by 1.33, then the 
probability of shortfall is unaffected. Arguably, this is 
what the statistics for LPM

FS
 show in Exhibit 7, as the 

difference is insignificant.
These results indicate that the improvements 

in retirement adequacy come at the cost of increased 
sequencing risk borne by workers. Asset allocation 
therefore becomes of even greater importance to 
workers’ retirement portfolios. Workers who contribute 
12% invest significantly more over the accumulation 
phase and any incremental gains made to the portfolio 
may evaporate during the critical last decade before 
retirement. Since the returns on a retirement portfolio 
dwarf the value of additional contributions made by 
workers close to retirement, altering the allocation of 
assets that govern those returns has a greater chance of 
achieving retirement adequacy than simply increasing 
contributions.

Changing the Asset Allocation

Exhibit 8 shows that different asset allocations can 
produce wildly different median retirement outcomes. 
The asset allocation of the default option has a substantial 
impact on retirement adequacy in regards to median 
outcomes. Asset allocations with a higher proportion 

of growth assets result in higher adequacy measures on 
average.

Like an increase in the contribution rate, median 
retirement outcomes improve where workers’ retire-
ment portfolios are comprised of a higher proportion 
of stocks. This suggests that TRFs tilted toward stocks 
may lead to more adequate retirement outcomes. The 
TDF strategy results in a similar median retirement out-
come to the balanced TRF, indicating that a determin-
istic glidepath does not materially improve retirement 
outcomes.

The DLC strategy, however, is more successful. 
Apart from the strategy of a 100% stock holding, the 
DLC strategy produces the highest median adequacy 
measures, with a median RWR and RR of 15.26 times 
and 97%, respectively, indicating that a higher alloca-
tion to stocks combined with dynamic switching rules 
offers a significant improvement. The distributional sta-
tistics of the RWR retirement outcomes are presented 
in Exhibit 9 for the seven asset allocations.

The boxplot in Exhibit 10 shows that the TDF 
strategy has a very similar RWR distribution to the 
balanced TRF. This supports the conclusion that deter-
ministic switching rules on their own fail to improve 
retirement adequacy metrics. Besides the 100% stocks 
strategy, the DLC strategy has the highest maximum, 
75th percentile, median, and 25th percentile outcomes. 
The minimum outcomes for the 100% stocks and the 
DLC strategy are the lowest of the seven strategies, except 
for the 100% cash strategy, but the difference between 
minimums when compared to more conservative strat-
egies appears negligible. The minimum outcomes are 
so far below the adequacy guideline of a RWR of 10 
that this small improvement from implementing a more 
defensive strategy does not appear to be worth the lim-
ited upside.

We further found that TRFs tilted toward growth 
assets naturally achieve better retirement outcomes. But 
the higher allocation of growth assets also exposes the 
plan member to greater volatility. Exhibit 11 shows that 
the standard deviation is higher for strategies with a 
higher growth asset allocation, but this is contrasted with 
the LPM metrics that appropriately account for down-
side risk. There is a clear inverse relationship between 
the LPM results and the allocation to growth assets. The 
terminal wealth outcomes for the balanced TRF and 
the TDF asset allocation are not substantially  different. 

E X H I B I T  8
Median Adequacy Measures—Changing the Asset 
Allocation

Note: Median RWR and RR results for each asset allocation under a 
9% SG provision using a stationary bootstrap simulation.
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E X H I B I T  1 0
Comparative Box-and-Whisker Plots for Each of the Seven Asset Allocations Using a Stationary Bootstrap 
Simulation. RWR Scale Set to a Maximum of 30

E X H I B I T  1 1
Investigating Sequencing Risk—Changing the Asset Allocation of TRFs

Note: Path volatility measures for the accumulation paths under each of the seven asset allocations (TRF, TDF, and DLC) using a stationary bootstrap 
simulation. Each LPM is a measure of downside risk relative to a RWR

target
 of 6.95. LPM

FS
 represents the probability of falling short of the retirement 

target, LPM
MS

 represents the expected shortfall below this target, and LPM
SV

 represents the below target semi-variance. The Sortino ratio and the UPR 
evaluate the performance of each TRF relative to an RWR

target
 of 6.95.

E X H I B I T  9
Distribution Statistics—Changing the Asset Allocation

Note: Distribution statistics for each asset allocation strategy in RWR units using a stationary bootstrap simulation.

JOR-WEST.indd   10JOR-WEST.indd   10 4/4/14   10:42:51 AM4/4/14   10:42:51 AM

Au
th

or
 d

ra
ft 

fo
r r

ev
ie

w
 o

nl
y



THE JOURNAL OF RETIREMENT   11SPRING 2014

Both asset allocations have similar accumulation paths 
for the first 20 years of the investment horizon, where 
contributions are still a major part of the total portfolio. 
Although the TDF begins to switch toward defensive 
assets after this point, it is not until age 55 that the bal-
anced TRF and the TDF hold the exact same proportion 
of growth and defensive assets. This is also the point 
where the portfolio size effect means that contributions 
are accounting for about one-fifth of the total portfolio 
value.

However, the higher returns associated with 
growth assets mean that the returns are compounding 
faster using a DLC asset allocation strategy. While the 
higher proportion of growth assets results in improved 
performance for the DLC strategy, dynamic switching 
rules also play their part. Exhibit 11 shows that the DLC 
strategy experiences a higher standard deviation but that 
LPM measures are substantially better. The shortfall 
probability (LPMFS

) is less than 4% for the DLC strategy, 

which is the lowest shortfall probability of all seven asset 
allocations. The DLC strategy also has the lowest mag-
nitude of shortfall and below-target semi-variance of all 
seven asset allocations and is superior to the balanced 
TRF when comparing the Sortino ratio and UPR.

DISCUSSION

Heat Maps of the Retirement Risk Zone

We examine the simulation results in the f inal 
decade of the accumulation phase using heat maps. 
For ease of interpretation, we use granular shading to 
examine the monthly RWR relative to the adequacy 
target RWR

target
 of 6.95 and display the RWR sequence 

for every 200th path, ordered best to worst. Darker 
squares represent those RWRs that are closest to the 
minimum RWR; grey squares are closest to the 50th 
percentile RWR; and light squares indicate that the 

E X H I B I T  1 2
Balanced TRF Heat Map in the Retirement Risk Zone Using a Stationary Bootstrap Simulation. Each Row 
Represents an RWR Sequence for Every 200th Path, Ordered Best to Worst, for the Balanced TRF Strategy 
in the Last Decade Before Retirement
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RWR has achieved RWR
target

 of 6.95. Exhibit 12 depicts 
the heat map for the balanced TRF (70/30), Exhibit 13 
depicts the heat map for the TDF, and Exhibit 14 depicts 
the heat map for the DLC strategy.

The diagrams show how each asset allocation 
strategy pilots the superannuation portfolio toward the 
retirement date. The retirement risk zone (RRZ) repre-
sents the decade immediately prior to retirement. In the 
RRZ, returns account for about 80% of the portfolio 
value. Exhibit 12 shows that the balanced TRF strategy 
achieves the adequacy target in only three out of 49 paths 
prior to the RRZ. But overall, the majority of paths 
eventually achieve adequacy at retirement.

Despite it taking longer for some paths to achieve 
adequacy, the TDF strategy in Exhibit 13 demonstrates 
similar adequacy outcomes. The TDF strategy has eight 
paths that have achieved adequacy upon entering the 
RRZ. However, there seems to be a larger proportion 
of paths below the adequacy target during the initial 
months. A common attribute of both the balanced TRF 

and the TDF strategies is that the retirement savings 
plans suddenly achieve (or fall behind) the adequacy 
target. It is not uncommon for a grey cell to turn into a 
white cell (or vice versa) within a single month.

The transition from inadequate savings to adequate 
savings is much smoother under the DLC strategy, as 
shown in Exhibit 14. Unlike the balanced TRF and TDF 
strategies, the results show that it is very unlikely that 
a path will fall behind the adequacy target once it has 
been achieved. Moreover, a higher proportion of paths 
are already above the adequacy target upon entering the 
RRZ, attributable to the higher allocation to stocks in 
the earlier years of the accumulation phase. Exhibit 14 also 
shows that the dynamic switching rules assist several paths 
in achieving the adequacy during the critical RRZ.

Scenario Analysis–Left Tail Outcomes

The 95th-percentile value at risk (VaR) and 
expected tail loss (ETL) retirement outcomes for each 

E X H I B I T  1 3
TDF Heat Map in the Retirement Risk Zone Using a Stationary Bootstrap Simulation. Each Row Represents 
an RWR Sequence for Every 200th Path, Ordered Best to Worst, for the TDF Strategy in the Last Decade Before 
Retirement
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asset allocation strategy under the 9% and 12% SG pro-
vision are given in Exhibit 15. As expected, increasing 
the SG provision produces a commensurate increase in 
the tail-related risk measures for each asset allocation 
strategy. But both the VaR and ETL measures are higher 
for equity-driven strategies, including the 100% stocks 
TRF and the DLC strategy. This result challenges the 
traditional notion that stocks may adversely affect out-
comes because of the higher volatility. An equity-driven 
strategy may actually reduce the risk of workers experi-
encing a poorer retirement outcome.

The VaR measures for the 9% and 12% SG contri-
bution rate highlight the importance of the asset alloca-
tion strategy used in the default option. For instance, the 
VaR for a 9% SG contribution using a DLC strategy is 
similar to the VaR for 12% SG contribution rate using 
a TRF strategy. Increasing the SG provision may not be 
of much benefit to some workers if the asset allocation 
strategy chosen by the default option is inefficient.

To highlight this effect we examine two scenarios 
that both experience an unfortunate sequence of returns 
over the investment period. Scenario 1 uses a DLC asset 
allocation strategy with a 9% SG contribution rate. Sce-

nario 2 uses a TRF asset allocation strategy with a 12% 
SG contribution rate. These are retirement outcomes on 
the left tails of the two RWR distributions. Exhibit 16 
presents the accumulation paths.

E X H I B I T  1 5
Tail-Related Risk Measures—Scenario Analysis

Note: Tail-related risk measures using a stationary bootstrap simulation.

E X H I B I T  1 4
DLC Heat Map in the Retirement Risk Zone Using a Stationary Bootstrap Simulation. Each Row Represents 
an RWR Sequence for Every 200th Path, Ordered Best to Worst, for the DLC Strategy in the Last Decade Before 
Retirement
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Both scenarios experience similar retirement out-
comes. The additional contributions made in Scenario 2 
do not create more wealth for retirement compared to 
Scenario 1. The moderate TRF coasts toward the retire-
ment outcome without any consideration of a retirement 
target of 9.27 times final salary. This results in a substan-
tial shortfall. In two instances, the dynamic switching 
rules of the DLC strategy assisted in its pursuit of its 
lower retirement target of 6.95 times by maintaining 
or increasing the exposure to growth assets. The first 
occurs directly after the worker turns 55 years of age 
and the second occurs after a market downturn shortly 
before retirement. Recall that the appropriate retirement 
target is lower for a 9% SG provision than in a 12% 
SG provision because less contributions are invested, 
resulting a lower expected target.

The worker is thus able to achieve the appropriate 
retirement target associated with a 9% contribution rate. 
While the use of only two sample paths in this example 
does not prove our hypothesis, it does demonstrate how 
a dynamic strategy successfully aims for a target wealth 

outcome, while more static strategies may comply 
with their asset allocation objectives yet underperform 
intended wealth outcomes. The results demonstrate that 
generating adequate income for workers in retirement 
should be the key motivation behind designing retire-
ment savings solutions, instead of using simple perfor-
mance targets pegged to annual returns and portfolio 
standard deviation.

An appropriate measure for evaluating investment 
outcomes with multiple cash f lows, such as those associ-
ated with defined contribution plans (DC plans), is the 
dollar-weighted return or internal rate of return (IRR) 
(Dichev and Yu [2011]). Exhibit 17 presents the IRR 
outputs from the above scenario analysis alongside the 
geometric return and average return for comparison. 
Being time-weighted, both the geometric return and the 
arithmetic average return are inappropriate for evalu-
ating terminal wealth outcomes in the presence of cash 
f lows such as contributions, because they overstate the 
return associated with each accumulation path. The 
sequence of returns experienced by the worker in Sce-
nario 1 is worse relative to the sequence experienced 
under Scenario 2 because the difference between the 
IRR and geometric return is larger.

Exhibit 17 shows that both scenarios accumulate 
similar levels of wealth during the worker’s life and both 
produce the same terminal RWR. But the IRR for Sce-
nario 1 is significantly higher than Scenario 2. Scenario 
1 outperforms Scenario 2 for workers who experience 
unfavorable market conditions during the accumulation 
phase, but at a higher risk as measured by the standard 
deviation. Standard deviation (as a variability metric) is a 
poor measure of retirement risk; the worker in Scenario 
2 has contributed an additional $160,000 to simply expe-
rience a smoother accumulation path. Simply investing a 
greater amount to fund retirement is a poor substitute for 
the optimal allocation of assets through workers’ lives.

E X H I B I T  1 7
9% DLC and 12% Moderate—Measures of Interest

Note: Total contributions, terminal RWR, terminal wealth, IRR, and standard deviation of returns (annualized) for sample paths of the 9% SG DLC 
strategy and the 12% SG TRF moderate strategy.

E X H I B I T  1 6
Accumulation Paths for a 9% SG DLC Strategy and 
12% SG TRF Moderate Strategy
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CONCLUDING REMARKS

Using a simulation methodology, we find that the 
impact of increasing the SG from 9% to 12% for defined 
contribution plans is to increase retirement adequacy 
in expectation only. A large proportion of modeled 
retirement outcomes exceed the retirement adequacy 
threshold. Increasing the mandatory contribution rate 
has a positive impact on the retirement adequacy of 
workers. But retirement outcomes from increased contri-
butions observed in the left tail of the distribution make 
no substantial difference in absolute terms. We consider 
the full distribution of potential retirement outcomes 
rather than central measures only.

Increasing the SG provision is therefore not a 
straightforward solution to improving retirement ade-
quacy. An increase in contributions translates into 
workers being exposed to greater sequencing risk 
as the size of their superannuation portfolio grows, 
particularly when coupled with a static asset alloca-
tion strategy. Indeed the downside risk relative to a 
target appropriate for the level of contributions nearly 
doubles.

Using a stationary bootstrap simulation method, 
we find that the impact of changes in the portfolio asset 
allocation on retirement adequacy depends largely on the 
proportion of growth assets in the portfolio. TRFs with 
a higher proportion of stocks produce significantly better 
retirement outcomes and also experience less retirement 
inadequacy exposures despite the higher risk associated 
with stocks.

Target date funds (TDF) and dynamic lifecycle 
(DLC) strategies that change the proportion of growth 
and defensive assets during the investment horizon also 
support this result. A TDF strategy with exposure to 
stocks in a similar proportion to the balanced TRF pro-
duces similar retirement outcomes. The DLC strategy 
with a higher proportion of stocks produced substan-
tially better retirement outcomes than the balanced 
TRF, mainly due to the capacity to dynamically switch 
allocations during the accumulation phase.

We also showed that the downside risk relative to 
an adequacy target was lower for the DLC strategy than 
for any other strategy. We showed that increasing the 
contribution rate for a portfolio with a static asset alloca-
tion strategy merely generates a smoother profile toward 
an adequacy target. The same result may be achieved at a 
lower contribution rate coupled with a dynamic strategy 

that accounts for sequencing risk exposure during the 
accumulation phase.

We acknowledge that there are several limitations 
to this study. First, retirement adequacy can be partially 
or fully met by the age pension and voluntary superan-
nuation savings. Our analysis is confined to retirement 
adequacy under the SG regime only. Second, workers’ 
retirement wealth ratio (RWR) may be different from 
those computed here due to wealth external to retire-
ment portfolios. Third, we assumed a constant invest-
ment horizon of 40 years; clearly a different investment 
horizon may yield different outcomes. With a shorter 
investment horizon, a different default investment option 
than the ones we considered might be more effective in 
meeting retirement adequacy. Finally, in this analysis we 
abstracted from taxes and inf lation, both of which are 
important factors affecting retirement adequacy.

It is worth highlighting that no investment tech-
nique can make up for a fundamentally low rate of 
retirement savings. The DLC approach does not enable 
financial advisers to pull rabbits out of hats. The DLC 
approach is merely an empirically-grounded strategy that 
can reasonably be expected to outperform the TDF and 
TRF strategies that are commonly used by funds.

There is scope for further research on variations 
of this DLC strategy. Further refinements, including 
more f lexible switching rules, could make the strategy 
more applicable for retirement savings in practice. More 
sophisticated dynamic strategy algorithms are also an 
obvious area for future research.

A P P E N D I X

E X H I B I T  A 1
Superannuation Guarantee Increase Timeline

Note: SG increases from 9% to 12% in seven annual steps. Note the 
Australian Government introduced draft legislation to delay increasing 
compulsory super for two years in 2013. If the legislation is passed, the 
next increase to a 9.5% SG will not be until 2016–2017 (Australian 
Taxation Office, 2013).
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E X H I B I T  A 3
Extended Summary Statistics—Standard Bootstrap Simulation

Note: Extended summary statistics of Efron (1979) bootstrap simulation of RWR distributions for seven asset allocation strategies.

E X H I B I T  A 2
Extended Summary Statistics—Monte Carlo Simulation

Note: Extended summary statistics of Monte Carlo simulation of RWR distributions for seven asset allocation strategies.
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E X H I B I T  A 4
Extended Summary Statistics—Stationary Bootstrap Simulation

Note: Extended summary statistics of stationary bootstrap simulation of RWR distributions for seven asset allocation strategies.
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