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Abstract 

Stochastic asset models have been developed and are used by asset 
consultants advising financial institutions. In this paper we argue that such 
models should also be made available to financial planners advising retail 
clients, and that the output from such models should be a routine component 
of Statements of Advice.  We argue that many key financial questions can only 
be answered sensibly in a probabilistic framework, and that the use of models 
can shed light on critical questions faced by clients, such as "how much money 
do I need to retire", "how should I invest my superannuation balance" and "how 
quickly should I draw down my account based pension".  We illustrate the 
application of stochastic models and the benefits that the use of the models 
brings to decisions in relation to asset allocation, and argue that an approach 
based on stochastic models is more likely to lead to better decisions than the 
present approach of selecting an asset allocation based on a "risk profile 
questionnaire".  We also use the models to show that there are variables that 
must be taken into account to produce an optimal asset allocation decision, 
yet which are given no consideration whatever in the risk profile questionnaires. 

Keywords:  stochastic asset model; retirement planning; financial advice; risk 
profile questionnaire.   
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1 Introduction 

Individuals are often faced with financial questions to which only probabilistic 
answers make sense.  Some examples are: 

1. How much money do I need to have at age 65 to provide my target 
income (indexed) for the rest of my life? 

2. If I draw down the required amount from my account-based pension 
each year to provide me (together with any age pension 
entitlement) with my target retirement income, at what age will my 
account balance fall to zero? 

3. How much will I have in my superannuation account at retirement if I 
invest in my superannuation fund’s balanced investment option? 

Actuaries and statisticians will readily recognise all these questions as properly 
having probabilistic, not deterministic, answers.  It is more meaningful, and a 
better basis for taking risk and uncertainty into account in decision making, if 
the answers to these sorts of questions can be expressed as a statistical 
distribution.  

This paper argues that the provision of the results of stochastic modelling would 
allow clients who have obtained financial advice to make better decisions 
about questions such as the three listed above, and also, critically, better 
decisions about asset allocation. 

This paper proceeds as follows. 

In Section 2, we consider the current approach to risk and asset allocation in 
retail financial advice, and some regulatory aspects that have helped to 
influence the development of that approach.  In particular, we consider the 
concept of “risk profile” and “risk profile questionnaire” and the manner in 
which that concept is currently applied in the provision of financial advice to 
retail consumers.   

In Section 3, we present the results of a small survey of practising financial 
planners, in relation to the use of risk profile questionnaires and stochastic 
investment modelling. 

In Section 4, we consider the history and availability of stochastic asset models.  
We note that many published models are available and that it seems likely that 
consulting firms have built unpublished proprietary models for their own use in 
providing advice to their clients (especially financial institutions, corporates and 
superannuation fund trustees).  We note that such models can be used to 
address practical financial questions faced by retirees.   

In Section 5, drawing heavily on Grenfell (2013), we develop some simple 
investment return parameters (means and standard deviations) for use in 
preparing some illustrations of a stochastic approach.  Return parameters are 
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developed for real investment returns for five asset allocations.    The future 
investment returns are assumed to be independent and identically distributed 
normal random variables with constant means and standard deviations for 
each asset allocation. 

In Section 6, we describe the approach used to prepare the stochastic outputs, 
and in Section 7 we present results of applying the five hypothetical asset 
allocations from Section 5 to a range of investors with different ages, salaries, 
superannuation balances and target retirement incomes. A Monte Carlo 
simulation approach is used to derive these results via a tool provided to the 
author under licence by CV Solutions.  The results are discussed and a number 
of inferences about the factors that determine an appropriate asset allocation 
are drawn.  We define the concept of “risk adjusted retirement income”, which 
may be a useful way of enabling superannuation fund trustees to secure 
greater member engagement with their superannuation.  As an aside, we note 
that the concept of “risk adjusted retirement income” also represents a possible 
solution to the question of the rate at which pensioners should draw down on 
their account-based pensions. 

Section 8 of the paper discusses the opportunities that may be available to 
various stakeholders to make use of stochastic models both to contribute to the 
achievement of their own objectives and to facilitate better financial advice.  
Section 8 also considers possible barriers to the inclusion of a significant 
component of stochastic logic in retail financial advice. 

Section 9 lists further research that would be useful if the industry were to 
develop more sophisticated retirement income advice content along the lines 
suggested in this paper. 

Section 10 provides a high level summary of conclusions. 

2 Current treatment of “risk” in retail financial advice  

2.1 Legislative background 

Section 945A of the Corporations Act 2001 (Corporations Act) contains a 
‘suitability rule’. To give suitable advice, under s945A(1) a financial services 
licensee (or its authorised representative) must:  

a) know the client—determine the relevant personal circumstances in 
relation to giving the advice and make reasonable inquiries about those 
personal circumstances;  

b) know the product—having regard to information obtained from the 
client about their personal circumstances, consider and conduct 
investigation of the subject matter of the advice as is reasonable in all of 
the circumstances; and  

c) ensure the advice is appropriate to the client—having regard to the 
consideration and investigation of the subject matter of the advice.  
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Whilst the “suitability” rule itself seems eminently reasonable, it seems to the 
author that its interpretation and the implementation of licensee requirements 
to demonstrate compliance may have developed in a manner that impedes 
rather than supports the task of providing advice that has the highest 
probability of meeting the client’s objectives. 

In particular, it has become widespread in the Australian context for licensees 
to adopt a particular process to satisfy the “know your client” rule that includes 
requesting the client to complete a questionnaire designed to identify the 
client’s “risk profile”.  That these instruments are in use in the great majority of 
the larger financial planning firms is attested to by the following quotation 
(cited in Chunn, 2014) from Matthew Walker, an experienced financial advisor 
who is currently Chairman of the Association of Real Return Investment Advisors 
(ARRIA): 

“… the framework provided to advisors is that they have to operate on a 
reasonable basis for advice, which is just par for the course.  But the reasonable 
basis for advice is seen as a static asset allocation model which predetermines 
a set benchmark of asset classes and therefore gives you an artificial 
benchmark not necessarily relevant to the client.  Someone came up with risk 
profiles, using psychometric profiling and behavioural finance, applied it to 
Markowitz, bolted it together and said, ‘That is the basis for reasonable advice’.  
That has carried forward for the past 30 or 40 years.  But markets are changing; 
to apply one rule is a gross generalisation.” 

Rebecca Jacques, General Manager of ARRIA, was quoted in the same article 
as follows: 

“If you look at the traditional framework of financial planning, it normally starts 
with risk profiling, which determines which bucket of risk you sit in.  Depending 
on which bucket of risk you sit in determines your asset allocation.  …. But your 
starting point now should be, ‘What is your client’s objective’?  And then you 
go backwards.” 

2.2 Risk profile questionnaires in practice 

Before we commence a discussion of “risk profile questionnaires” it is worth 
noting that the term “risk” is frequently interpreted in very different ways, and it 
will become clear later in this paper that what is a “high risk” asset allocation in 
one sense may well be a “low risk” allocation in another sense.  Frequently, in 
relation to an investment portfolio, the term “risk” is used to refer solely to 
volatility of the asset value.  On this interpretation, portfolios with a high 
proportion of assets allocated to volatile classes such as ordinary shares are 
seen by definition as “high risk”, whereas cash and short dated, secure bonds 
are seen as “low risk”.  However, another interpretation of “risk” in relation to an 
investor, is that “risk” is the probability that the investor’s objectives will not be 
achieved.  In relation to retirement income planning, for example, “risk” may 
mean the probability that the investor’s spending requirements of $X per 
annum cannot be met for the remainder of the investor’s lifetime.  This 
interpretation of “risk” may receive less attention from asset managers (who, 
after all, would in many cases would not even know the investor’s objectives) 
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but is arguably more critical from a retirement planning perspective than short-
term volatility in market value of assets. 

Generally speaking however, it is the former interpretation of “risk”, namely the 
chance of short-term diminution of asset values, on which risk profile 
questionnaires focus.  Risk profiles may therefore be considered a measure of 
the investor’s tolerance to asset value volatility. 

To obtain an overview of the nature and content of the risk profile 
questionnaires, the author downloaded and completed the first six such 
instruments that appeared in response to a Google search using the search 
terms “risk profile questionnaire examples Australia”.  Those six (in alphabetical 
order) were AMP Superannuation Limited (2014), FinaMetrica (2014), Financial 
Wisdom (2014), Garvan Financial Planning (2014), Mercer Outsourcing Australia 
Pty Ltd (2014) and RBS Morgans Limited (2014).  In addition, one of the 
respondents to the survey questionnaire (see Section 2.3 below) provided an 
additional risk profile questionnaire (Berry Actuarial Planning, 2014).  One 
objective of completing seven questionnaires was to investigate, admittedly 
with a sample size of one, whether the outcomes of the profiles in terms of the 
descriptors and assigned asset allocations, were broadly consistent. 

The results are summarised in the following table. 

Table 2.2.1: Risk Profile Questionnaire Results 

Provider Risk profile 
descriptor 

Risk profile 
category 

Number of 
risk profile 
categories 

Recommended 
allocation to 
growth assets 

AMP Moderately 
aggressive 

2 7 80% to 90% 

Berry 
Actuarial 
Planning 

Growth 2 7 80% 

FinaMetrica - 3 7 60% to 80% 
Financial 
Wisdom 

Growth 2 5 80% 

Garvan 
Financial 

Assertive 
growth 

2 7 80% to 90% 

Mercer Growth 2 5 60% to 80% 
RBS Morgans Aggressive 2 5 Note 1 

1 “Strong bias towards investments with high growth potential”. 

By way of explanation of the above table, the various providers of the risk 
profile questionnaires allocate their clients into either five or seven categories: 
AMP, Berry Financial Planning, FinaMetrica and Garvan Financial use seven and 
the other three providers use five.  The “risk profile category” in the third column 
of the above table is the ranking, with 1 being the highest risk/return profile, to 
which the author was assigned after completion of the respective 
questionnaires.  When the questionnaires are completed, additional 
information is provided to assist in the interpretation of the results, typically 
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including the asset allocation that is appropriate for a client assigned to the 
particular risk category; the percentages shown in the last column are the 
allocations recommended to growth assets. 

There is reasonable consistency between the results of the seven 
questionnaires.  The risk profile descriptors are generally similar.  All but one of 
these instruments allocated the author to the second highest risk category, and 
author’s score on the remaining questionnaire (FinaMetrica) was on the 
borderline between the second highest and third highest risk categories. 

Nevertheless, a careful consideration of some of the questions does raise some 
queries as to whether the questionnaires are likely to result in mapping clients to 
asset allocations that are most likely to meet client objectives.   

Consider the following question: 

“If you consider current interest rates what overall level of return (after inflation) 
do you reasonably expect to achieve from your investments over the period 
you wish to invest for?” 

The offered alternatives are:  

• a reasonable return without losing any capital,  
• 1-3%,  
• 4-6%,  
• 7-9% and  
• over 9%.   

This question seems to presuppose a fair degree of financial sophistication for 
the responder, who has to have some familiarity with real returns and the 
associated degree of “risk” (however “risk” may be measured).  Also, no 
reference is made to tax, so it isn’t clear whether the reference is to before or 
after tax returns, and there is a risk of misclassification for that reason. 

Consider a reasonably typical question:  

“How familiar are you with investment markets?”   

Possible responses are:  

• very little understanding or interest,  
• not very familiar,  
• have had enough experience to understand the importance of 

diversification,  
• I understand that markets may fluctuate and that different market sectors 

offer different income, growth and taxation characteristics and   
• I am experienced with all investment classes and understand the various 

factors that influence investment performance.   

Whilst of course investors with less experience may be more comfortable with 
investments that will not fall in value, this question will tend to assign less 
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experienced investors to lower proportions of growth assets.  But investment 
experience is not a factor that is relevant to the asset allocation which is most 
likely to meet the client’s objectives.  The reason why the client has sought 
advice is presumably to take advantage of the adviser’s greater experience 
and knowledge of investment markets, so one would think that the adviser has 
a responsibility to advise on the asset allocation that has the best chance of 
meeting the client’s stated needs rather than consigning the client to lower 
returning assets because the client has limited investment experience. 

Next consider the following question:  

“The table below shows the highest one-year gain and highest one-year loss on 
four different hypothetical investments of $100,000.  Given the potential gain or 
loss in any one year, where would you invest your money?” 

Portfolio A B C D 
Highest gain $15,000 $20,500 $26,600 $31,300 
Highest loss -$2,400 -$6,400 -$11,000 -$14,600 

More “risk points” are awarded to those who select portfolio D, followed by C, B 
and A.  However the geometric means of the highest and lowest returns for 
portfolios A to D are 5.94%, 6.20%, 6.14% and 5.89% respectively, so on the basis 
of the extremely limited information provided, it is difficult to see how an 
informed and rational investor could choose portfolios C or D because they 
feature both higher risk (volatility) and lower return than portfolio B.  Yet, the 
client has to choose portfolio D to be assigned the highest number of “risk 
points”. 

There are also not infrequent questions that to some extent ask the client what 
asset allocation they wish to adopt.  For example: “When making an 
investment, return and risk usually go hand in hand.  Investments that produce 
above average returns are usually of above average risk. With this in mind, how 
much of the funds you have available to invest would you be willing to place in 
investments where both returns and risks are expected to be above average?”  
The permitted responses are multiples of 10% varying from zero to 100%. 

Yet another common question is about the time duration prior to needing to 
access funds.  For example:  

“Apart from any short-term and ongoing needs for access to cash, how long do 
you envisage it will be before you require access to most of your funds?”   

Responses are:  

• 1 year or less,  
• 2 to 3 years,  
• 3 to 5 years and  
• 5 years or more.   

Whilst there is a clear rationale for assets to be invested in classes with more 
stable values if the asset proceeds will be required in the near future, the 
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parameterisation of the “risk points” for responses to this question might well be 
queried.  Apart from the vagueness of the question – what does it mean to 
“require access to most of your funds” – if the respondent who says “one year 
or less” really means that he needs the majority of funds in that timeframe, to 
buy a house, say, the number of “risk points” allocated to that response may 
not be enough to produce an appropriate, very conservative, asset allocation.   

But above all, the author’s dominant concern in relation to these questions is 
that the mapping from client “risk profile questionnaire” responses to asset 
allocations simply does not take into account, or even contemplate the 
question, what is the best asset allocation to meet the client needs?  The risk 
profile questionnaire focuses too much on “what would the client be 
comfortable investing in”, and too little on “what asset allocation has the best 
chance of meeting the client’s objectives”.  This latter question can only be 
answered either by reference to stochastic modelling, or by seriously expert 
judgment.   

In some cases it should be obvious that the risk profiles will produce sub-optimal 
asset allocation outcomes.  Consider a 22 year old who has just entered the 
workforce with no previous investment experience other than via bank 
accounts.  Suppose that the client is of timid disposition in relation to financial 
risk, and seeks advice in relation to the appropriate asset allocation for 
investing for retirement income purposes.  It will be obvious that the youth of 
the client and long timeframe before the funds will be required mean that the 
young investor should be heavily invested in growth assets but that is not what 
will emerge from the risk (volatility) profile.  The client needs either financial 
education by an experienced adviser or to be “nudged” towards a decision in 
his or her own best interests by being presented with appropriate information so 
that the client can see the difference that taking on more investment risk will 
make to their retirement incomes, before selecting their asset allocation. 

In less obvious cases, even actuaries, who by virtue of their professional training 
have a very strong understanding of the characteristics of the various asset 
classes, have very different views on appropriate asset allocation for retirement 
purposes.   

But asset allocation is an under-rated but key issue for millions of Australians who 
are either retired, or who are approaching retirement, the vast majority of 
whom do not have the sophisticated knowledge and understanding that is 
required to produce good answers to these questions of their own accord.  
They need a high standard of advice in this difficult yet important area to guide 
their decision-making.  The seminal paper by Brinson, Hood and Beebower 
(1986) highlights the critical role of asset allocation to investment returns: they 
analyse the investment experience of 91 large US funds between 1973 and 
1985 and find that 93.6% of the investment return is explained by the selection 
of asset classes and the performance of those classes, leaving only 6.4% as 
being explained by tactical asset allocation (timing of switches between asset 
classes) and stock/manager selection.   
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2.3 A previous call for greater use of stochastic models 

This paper is not the first to contemplate greater use of stochastic models in 
retirement planning.  An experienced financial services actuary (Gale, 2013) 
has already argued for a stochastic approach: 

“We need a stochastic approach rather than a deterministic approach.” 

Focussing primarily on the drawdown phase, he adds: 

“The broad approach to the construction of a Post-Retirement Optimised 
Portfolio (PROP) would be as follows: 

1. Retiree client to force rank their retirement objectives (see below). 

2. Input key information into the modelling engine, including current assets 
and allocation, targeted income and capital cash flow requirements, 
risk profile, age, force rankings, etc. 

3. Perform stochastic runs to produce the many simulations (typically 
thousands), using random number generators to model many different 
outcomes, and difference sequences of returns. 

4. Review the results of the stochastic model, including the likelihood of 
meeting the various force ranked post retirement objectives. 

5. Adjust inputs to better match achievement of the highest ranked post 
retirement objectives.” 

Gale notes that some firms are developing the capability to perform the 
required stochastic calculations, “including Deloitte US, Mercer and Count 
Financial, and investment research house Lonsec and global actuarial firm 
Milliman”.  He appeals for other parties also to take action towards this 
objective: 

“The wealth industry needs to deliver superior post-retirement solutions, 
including: 
 

• more research on this topic, such as the work by the Actuaries Institute’s 
Retirement Incomes Research Group 

• greater innovation and commercial initiative, as mentioned above 
• large wealth management institutions and advice firms embracing these 

more sophisticated post retirement approaches 
• advisers encouraging their licensee to pursue this more sophisticated 

approach. 

Hopefully, as these approaches are adopted, it will be possible to integrate 
such modelling with mainstream financial planning software platforms.” 
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3 Views of some practising financial advisers 

The author has never personally held an Australian Financial Services Licence 
(AFSL) nor has he ever been an authorised representative of an AFS licensee.  
However, the author has obtained the views of a number of financial advisers 
on the appropriateness of the use of risk profile questionnaires and the potential 
to use stochastic modelling as an alternative to produce the asset allocation 
outcomes that are most likely to meet client objectives.   

Appendix 1 contains the survey questions used to probe some advisers’ views 
on these issues.  Eighteen copies of the questionnaire were distributed and 10 
were returned.  No pretence is made that the sample is representative of 
typical financial advisers; in fact there is a very strong bias towards actuaries 
who practise as financial planners, as the distribution list comprised people 
personally known to the author.  Seven of the ten respondents are actuaries 
and the author considers that the respondents may reasonably be considered 
to be at the more highly educated, thoughtful and informed end of the 
financial advice profession. 

In this Section we consider the responses to some selected questions from the 
survey. 

3.1 Method used for determining risk profile  

Question 1 of the survey asked what method the respondent used to determine 
the client’s risk profile.  The respondents were generally either one-man bands 
or from small to medium sized firms rather than the largest planning 
organisations in the country.  That may have influenced some of the responses.  
For example, the responses to question 1 (what methods are used to determine 
a client’s risk profile) were typically stated to be a combination of methods, 
with only two of the ten survey respondents offering a plain vanilla “risk profile 
questionnaire” response.  The following was an extensive explanation of one 
planner’s approach: 

“I use a combination of approaches as I have found the straight 
questionnaire to be ineffective in truly identifying a person’s risk profile, if 
indeed this can be done without really getting to know a client over a 
period of years and range of investment outcomes. My approach is to ask 
five “attitude” questions in the fact find, question the client about their 
responses and make a subjective assessment also taking into account 
their life and career stage.  This is then tested for outcome via modelling 
and sensitivity to determine whether the risk profile will produce the 
necessary long-term outcome. Through ongoing review with the client, 
then a clearer picture of the personality and reaction to results helps to 
either confirm that original assessment or dictates that adjustment is 
required.” 

Another similar response: 
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“We use a combination of several of the above but main ones being risk 
tolerance line/discussion, although most of these are complex and 
confusing, existing investment allocation and proximity to potential use of 
funds. “ 

A third: 

“Discuss with client, and emphasise investment horizons.” 

And a fourth: 

“Our process is to make use of a risk profile questionnaire and cross check 
against a risk tolerance line method.” 

Even the plain vanilla “risk profile questionnaire” respondents to question 1 
made additional comments in response to later questions that suggested that 
they do not accept the outcome of the questionnaire naively and 
automatically.  For example, one of the two “risk profile questionnaire” 
respondents noted in a later response: 

“We move slowly particularly with new clients as it can take years to 
discover all their needs and from this resolve a suitable collection of 
investments.” 

And the other simple “risk profile questionnaire” respondent also added by way 
of response to a later question: 

“As an adviser I need to make sure that the response is not purely 
mechanical but that the risk profile is part of the conversation which 
includes current and future needs, income, market conditions etc” 

As an aside, one planner acknowledged an “agency issue” in the provision of 
advice: 

“However the potential legal problems if a client calls foul over asset 
allocation probably means recommendation of a more defensive 
selection than one’s intuitive selection.”   

This comment is understandable and seems to raise an issue that is worthy of 
consideration, as it potentially leads to sub-optimal client outcomes because 
the adviser is disproportionately concerned about the downside scenario, 
which might have adverse financial consequences for the adviser and/or the 
licensee.  

3.2 Number of questions in risk profile questionnaire  

Question 4 of the survey asked how many questions the planner’s risk profile 
questionnaire contains.  Those respondents who make use of risk profile 
questionnaires seem to favour short questionnaires.  Two respondents use 
questionnaires containing 1 to 5 questions, and three use questionnaires 
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containing 6 to 10 questions.  One makes use of the risk profile questionnaire 
embedded in the standard XPlan software, which contains more than 25 
questions.  The other four respondents replied “not applicable”. 

3.3 Client understanding of questions and reliability of responses 

Question 5 of the survey asked advisers to what extent they thought that clients 
understood the questions and gave reliable answers.   

Five respondents opted for response (c): 

“Many clients understand most or all questions and are well equipped to 
provide meaningful responses but some clients struggle to understand 
some questions and may give misleading responses” 

However four planners (including two who do not use risk profile questionnaires 
but had previous knowledge of such questionnaires) were more negative 
about the ability of the clients to understand the question and provide 
appropriate responses.  For example consider the following comments: 

“Despite telling clients that they cannot have both long term capital 
growth and avoid suffering a decline in the value of their portfolio, it is not 
uncommon for clients to still request this.  This I think is a key fault in relying 
solely upon such questionnaires.” 

“I find that questionnaires are too generic and don’t really educate 
clients.” 

“Sometimes clients complete the questionnaire with the adviser’s 
assistance. Others complete it themselves, return it, and this is often 
followed up by the adviser – e.g. to clarify answers and deal with 
inconsistencies.” 

“My experience is that most clients do not understand the questions or 
what they are trying to elicit.” 

The one planner who was more positive about the clients’ ability to 
comprehend and respond to the questionnaire and responded (b) (“most 
clients understand most or all questions and are well equipped to provide 
meaningful responses”) added a comment that “our questions have been 
simplified over time to try to minimise client confusion”. 

3.4 Use of risk profile questionnaire to map a client to an asset allocation 

Question 6 asked whether the results of the risk profile questionnaire are used to 
map clients to an asset allocation.  As noted above, some respondents do not 
use risk profile questionnaires, or only in conjunction with other techniques.  Only 
four of the ten respondents replied that the risk profile questionnaires are used 
to map clients to an asset allocation, and two of those made clarifying 
comments: 
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“Although our recommendations often vary risk profile “target” allocation 
by taking into account other factors.” 

“The results of the risk profile questionnaire will not necessarily result in 
changes to the asset allocation to align it to the result but it will be 
discussed.  At the asset allocation level the conversation is principally 
about growth versus defensive rather than specific sectors such as 
Australian shares, international shares, etc.” 

So it seems that the majority of survey respondents were clear that the risk 
profile questionnaire was not the sole tool for selecting a client’s asset 
allocation.  However the author suspects, although based only on anecdotal 
evidence, that a more representative sample of the industry would have 
indicated a stronger link between the client’s assessed risk profile (as per the risk 
profile questionnaire) and the recommended asset allocation. 

3.5 Frequency of poor asset allocations emerging from risk profile 
questionnaire  

Question 7 of the survey asked planners how often, in their view, the asset 
allocation that results from the risk profile questionnaire would not be optimal 
for their client.  Five of the eight respondents to this question replied 
“sometimes”, two “reasonably often” and one replied “frequently”.  Another 
who did not indicate a specific response noted that the frequency of mismatch 
is higher where the client is a couple rather than an individual. 

There were some clarifying comments: 

“When this happens, this prompts comment and recommendations to 
consider alternate (usually riskier) profiles to be able to meet long term 
objectives including implications and acceptance of what may be 
originally undesired outcomes in the short term.” 

“It is a process of collaboration. The purpose is to flag issues. The business I 
work in is only suitable for clients seeking engagement and who have a 
desire to want to select specific investments. We use managed funds 
rarely.” 

“Further discussion between client and adviser almost invariably follows 
completion of the questionnaire. Often in this subsequent discussion, 
clients amend their answers.” 

“There may be tax reasons for not restructuring, one-off expenditure 
requirements that require higher asset allocations to defensive assets or 
our preference to certain asset classes compared to others during certain 
periods of the economic cycle.” 
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3.6 Resolution of mismatch between the asset allocation from the risk profile 
questionnaire and the advisers preferred asset allocation 

Question 8 of the survey inquired about the adviser’s response to a potential 
mismatch between the asset allocation resulting from the risk profile 
questionnaire and the allocation perceived as optimal by the adviser.   

One respondent replied (a) (“stick to the client’s risk profile”) and added: 

“We exist to advise the client not command him or her.” 

Response (b) (seven responses) was the most common: 

Discuss the situation with the client and attempt to persuade them to 
adopt an allocation other than the allocation that flows from the RP 
Questionnaire but try to stay within one risk band of the one that was 
produced by the risk profile questionnaire. 

 
One adviser who selected response (b) clarified the response as follows: 

“Closest answer is (b), but without any attempt ‘to stay within one risk 
band’”. 

Three respondents responded (c) (“ignore the risk profile as long as the client is 
prepared to sign off on the recommended allocation”).   

There were 11 total responses to this question, as one respondent chose both 
(b) and (c) and added: 

“Actually a combination of (b) and (c).  Discuss the situation first, but 
ignore risk profile if we believe this is best advice and provide reasoning.” 

However the free form comments suggested a range of views on the extent to 
which the adviser should consider departing from the client’s risk profile: 

 “I think pushing too far on the risk profile [towards riskier asset allocations] 
means that the client needs to re-think their objectives as being 
unrealistic.  Further pushing too far up the risk scale would need to be 
handled carefully as any significant downturn could exacerbate a poor 
long term outcome further.” 

“It is important clients understand the risks associated with their decisions. 
So we won’t start a strategy until we are comfortable client has an 
accurate understanding.” 

“Key is to help client understand the characteristics of the portfolio that 
they are selecting.” 
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3.7 How does the adviser decide what asset allocation is appropriate to the 
client?  

Question 9 asked how the adviser decided on the appropriate asset allocation.  
Responses (a) (demographic factors) and (d) (the main thing is to agree it with 
the client) both received support (four for (a) and five for (d)), and one adviser 
selected both and commented as follows: 

“I think it is probably a combination of (a) and (d), but predominantly (d) – 
the client must buy into and accept the decision with the consequent 
possible outcomes otherwise it is going to be a difficult partnership 
particularly if investment outcomes are poor. I think (a) applies to a 
certain extent as ultimately age is a big factor in considering how long 
‘long term’ may be, with the consequent ability to recover from set backs. 
A conservative approach may still be appropriate for a 30 year old who 
wants to buy a home in 3 years.” 

Several advisers suggested that none of the options really fully covered the 
range of factors that the adviser would take into account. 

“Apart from demographic circumstances, income, goals and other 
factors need to be taken into account and discussed.” 

“None of the above really.  Each client scenario is analysed individually 
based on their situation and objectives.  Asset allocation cannot be 
viewed in isolation from other factors, e.g. tax considerations, cost 
considerations, objectives other than ‘asset allocation’.” 

“None of these answers really covers the situation. We discuss things with 
the client. “Demographic circumstances” is part of such discussion. The 
client’s goals and objectives are key factors. We also consider products 
which may reduce risk, e.g. products which incorporate capital 
protection.” 

3.8 Are projections “central estimate” or conservative? 

In response to Question 10, seven of the ten respondents acknowledged that 
their projections of future asset balances are conservative, to degrees variously 
described as “a little”, “quite” or “very”.  A theme that emerges in the 
comments is the desire on the part of the adviser to avoid an unhappy client if 
actual investment experience turns out to be less favourable than projected.  
This preference may be balanced by a desire not to unreasonably impact on 
the client’s choices, as for example in the following comment: 

“We want to leave some upside so that there can be greater reliance 
that long term goals are realistic and achievable, but without denying the 
client the opportunity to enjoy their savings when they are able (i.e. earlier 
retirement rather than later).” 
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Of the three who responded that the projections were “central estimate”, two 
stated explicitly that the assumptions were set by their licensees and one of 
those noted that: 

“This is one of the limitations of such projections: they are “central 
estimates” and do not illustrate variability. They may be a little 
conservative but it is not clear that this is so – the assumptions are set by 
the AFSL holder, not by our firm or its advisers, and we are bound to use 
those assumptions.” 

3.9 How is any conservatism in the SoA disclosed to the client?  

Question 11 asked how any conservatism that might be implicit in the 
projections would be disclosed to the client.  This question was not applicable 
to those three respondents who replied that the estimates in their projections 
were intended to represent central estimates.  The six respondents who  
selected one of the three offered options said that they include something 
along the lines of response (a) (that future returns are not guaranteed and 
future investment returns may differ from projected), although one also 
selected option (b) (through verbal communications to the client).  One 
respondent added: 

“The SoA would also state something along the lines of (b) – exact 
wording is ‘We note that in our projections we have adopted what we 
consider to be a realistic set of assumptions, without being overly 
optimistic.  To the extent that your actual experience is better than 
assumed, then you would be in a better position than shown below. Our 
assumptions are such that we believe that the chances of achieving a 
better result rather than a worse result are higher.’” 

3.10 How often does the adviser incorporate projections based on different 
assumptions other than the central estimate into SoAs?  

Three advisers replied “mostly” to Question 12 of the survey, three replied 
“infrequently” and four replied “never”.  No adviser reported always including 
alternative projections.   

Several advisers who include alternative projections infrequently commented 
that this may either be on request from the client, or to illustrate the impact of 
possible difference in outcomes if a different return objective and risk profile 
were adopted.   

One adviser who never shows alternative projections adopts a rather strongly 
worded disclaimer to the main projection: 

“SOAs are about strategy not stochastic modelling. We do use a 
disclaimer: ‘Due to the volatility of investment markets and the 
randomness of life generally, projections cannot be guaranteed. The one 
thing that is certain is the final numbers will be materially different to those 
projected above.’” 
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3.11 Obstacles to greater use of stochastic models  

It is clear from the responses to Question 14 that the majority of advisers are not 
enthusiastic about the idea of greater use of stochastic models.  Respondents 
generally chose response (a) (the models are not useful) or (d) (clients would 
have difficulty understanding probability statements), with clarifying comments.  
By way of example, here is a clarifying comment from one respondent who 
chose response (a): 

“One can put science around processes but if the processes are flawed 
the science has little value.  Financial planning is about establishing the 
right habits to reach the goal.” 

Two other respondents who selected option (d) suggested that their clients 
would either not read, or not understand stochastically based advice: 

“One of my highest value clients in asset values was a baby boomer 
couple.  One of them could not read and the other was not smart enough 
to comprehend the SOA.”    

It’s a rare client who actually reads the SOA.  Some do, some read parts 
only, and some read very little of the SOA.  There is a very high element of 
trust on the part of clients.” 

Even two advisers who saw no obstacles seemed sceptical about the value: 

“I see no obstacles, but generally, the advice is maximise super 
contribution, clear non tax deductible debt and save what you can.” 

“I’m not sure if showing clients stochastic asset models would achieve 
much.  More likely it provides an insight for the adviser as to possible 
outcomes.” 

Finally, the adviser who was least concerned about obstacles to the use of 
stochastic models had only one reservation: 

“I would be happy to use stochastic asset models if these could be 
produced cost efficiently.” 

3.12 Will the adviser or the adviser’s firm make greater use of stochastic models 
in future?  

Two advisers reported already using stochastic models routinely in the 
production of SOAs.  Three respondents to Question 15 envisaged greater 
future use of stochastic models.  Their comments were: 

“Me yes, others possibly.” 

“Yes – if they can be produced cost efficiently”. 
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“I’ve participated in a course run by UTS and NAB to look at some 
developments in this area as part of a broader financial planning 
analysis”. 

Five advisers did not envisage greater use of stochastic models.  One of those 
apportioned some blame to the regulator: 

“We are governed by the rules of our AFSL holder (of whom we are the 
Authorised Representatives). I think stochastic models will only be used if 
the regulator requires this. I’m not confident that the regulator 
understands investment at all well.” 

“I am not certain that easy to use and understand stochastic models will 
become available that clients will find useful.” 

3.13 Which is the better method of determining asset allocation?  

The last question in the survey (Question 16) attracted a wide range of 
responses and the range and the rationales for the various responses are of 
interest. 

Three respondents opted for option (a) (risk profile questionnaires are better 
because the client needs to invest in a manner that he or she feels comfortable 
with), because they accepted the limitations of their clients, as per the 
following comments: 

“Clients bring their understanding with them and we need to work with 
that. Some (like successful small business people) will only do direct 
property because it is tangible – they can see it, shares are scary for these 
people.  Others only term deposits.” 

“I work with the less financially sophisticated who are unlikely to follow 
‘advice’ that they do not understand.” 

One of the three respondents selecting response (a) noted that the framing of 
the question was a little simplistic: 

“I think these are not mutually exclusive: a risk profile questionnaire could 
be used in conjunction with a stochastic asset mode, and these could for 
the basis for a client discussion leading to an agreed asset allocation.” 

Two respondents chose option (c) (risk profile questionnaires may not be 
technically superior but their use is quicker, easier or cheaper).  One of those 
noted that this does not mean that no other factors are to be taken into 
account: 

“This is the starting point for an ongoing conversation.” 
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One respondent chose response (e) – the adviser believed that it would be 
preferable to work with stochastic models but the models and tools would 
need to be provided. 

One respondent chose response (f) (stochastic methods are preferable but the 
adviser is not yet doing this): 

“For me, the technical merits of the stochastic models need to be 
weighed up against the simplicity of the current system.  I do not wish to 
do any modelling where I do not understand how every element of the 
projection is calculated, what formulas are used and how certain 
variables can affect the end outcome.  I believe too many advisers rely 
‘in blind faith’ on their modelling software without any true knowledge of 
how the data they are inputting affects the end result.” 

Two respondents chose option (g) (stochastic methods are better and they 
already use that approach).  One of those two pointed to a technical issue 
with attempts to optimise asset allocation: 

“I find setting the assumptions the big problem.  When I last looked at this, 
the performance history suggested that the most efficient portfolio was (as 
I recollect) 100% REITS.  The reason was the long-term increase in the 
gearing of these investments set them on a seemingly perpetual upward 
trajectory.  So I make arbitrary assumptions about sd’s.” 

The observation from this respondent confirms a comment made to the author 
by Chris Condon that attempts to identify “optimal” asset allocation often 
identify “corner solutions” (where the calculated asset allocation tended to be 
entirely allocated to one or a very small number of asset classes rather than 
being broadly diversified, perhaps because of random outperformance by 
those asset classes over the period of the historical dataset). 

3.14 Summary 

In summary, the overall feedback from practitioners is that whilst there is some 
support for the concept of stochastic asset analysis, there is also some 
opposition to routine use of stochastic asset models in retail financial advice for 
three reasons: 

1.  Concern about the technical aspects: is the greater use of “science” 
really well founded, or will it produce erratic results? 

2.  Communications issues, especially when advisers are working with 
financially less sophisticated clients. 

3.  Client preferences – sometimes clients have preferences for or against 
particular asset classes, and an adviser who ignores that does so at his or 
her own peril, as there may be legal repercussions if the recommended 
asset allocation turns out poorly. 

It could be argued that these considerations limit the scope for successful use 
of stochastically based advice to relatively sophisticated clients who do not 
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have irrational predispositions for or against particular asset classes; and even 
then, only if it can be shown that stochastic methods can be parameterised to 
produce common sense, robust solutions. 

However, in the author’s view, the skill and talent does exist in the actuarial 
profession to build models that could produce such solutions, and provide 
clients with meaningful input into financial decisions.  Such models would have 
to be built, parameterised, validated, and then integrated into the software 
provided by the dealer groups to their planning firms, together with some 
training in their interpretation and use. 

It also seems likely that tools will be built outside a full financial planning service 
model that will provide advice more cheaply and efficiently.  To some extent 
this is already happening.  Moodie (2014) cites the head of a financial services 
technology provider as asserting that “there’ll come a time when only 20% of 
Statements of Advice will be dealt with via a face to face interview that 
concludes with a comprehensive plan”.  Moodie further states that software 
provided to some large financial institutions already “enables the institutions to 
give free, online, customised scoped advice about investment options within 
the fund, and also provide free customised advice on transition to retirement.  
It’s free because it doesn’t require a financial adviser.”  In both the US and 
Australia, inexpensive financial plans may be provided directly to clients who 
are prepared to undertake their own “fact find” via a relatively automated 
process.  Many powerful applications are available routinely to owners of 
mobile telephones and it seems at least possible that disruptive technologies 
will become available in the financial planning space, although the regulatory 
environment may be an inhibiting factor. 

One of the potential objections to use of stochastic concepts is that 
communication of these complex issues to clients would be more challenging.  
However, that need not be the case.  It would be possible to focus on simple 
concept such as the “sustainable retirement income”.  The “sustainable 
retirement income” might be defined, for any “run-out age” x and probability 
p, as the level of retirement income at which: 

Pr {Client financial assets diminish to 0 prior to age x} = p 

Clearly the “sustainable retirement income” is a function of the age pension 
amount and rules (both now and in the future) and the investment return 
model.  However the introduction of this concept might lead to more 
meaningful communication to the clients, since a level of income is likely to 
have more meaning to the client than a dollar lump sum amount. 

For example, for a suitably chosen level of p such as 0.33, the member’s 
superannuation statement might suggest that the member has a “good 
chance” of achieving an income of $Y per annum until age x. 

Alternatively it would be straightforward to include an allowance for mortality 
into the projections and to define the “sustainable retirement income” as being 
the level such that: 
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Pr {Client financial assets diminish to 0 prior to death} = p 

This definition is simple and avoids the additional complicating question, in the 
event that “sustainable retirement income” is defined in relation to a run-out 
age, from the client of “but what if I live to be older than x”? 

4 Stochastic asset models 

In this section we mention some published literature on stochastic asset models.  
This Section is not intended to be comprehensive literature review but rather to 
provide a reference to some of the more widely known and used models. 

One of the earliest and most basic asset models proposed that stock market 
prices moved in a “random walk” (Fama, 1965).  According to the random 
walk model, stock market prices at time t may be modelled as follows: 

X(t) = X(t-1) + μ +ε(t) 

Where 

μ is a constant that allows for gradual upwards “drift” in prices 

ε (t) is a random error term that is uncorrelated with errors at other durations. 

A number of somewhat more complex stochastic models feature prominently 
in the UK actuarial literature for use in addressing financial problems. Wilkie 
(1986) outlines the development of a model that is broader in scope and which 
attracted considerable attention in the actuarial profession.  The original Wilkie 
model included models of inflation, share dividends, share dividend yields and 
the yield on Consols (UK fixed interest issue).  A subsequent paper by Wilkie 
(1995) extended the original model by including a wage index, short-term 
interest rates, property rentals and yields, and yields on index-linked stock.  The 
Wilkie model has been reviewed and criticised by Huber (1995) and Sahin et al 
(2008) and it seems clear that some of the parameters of some components of 
the Wilkie model are not stationary over time.  

Smith (1996) and Cairns (1999) have extended the range of models published in 
the Journal of the Institute of Actuaries.  A review paper by Lee and Wilkie 
(2000) compared and contrasted eight asset models.  Ziemba and Mulvey 
(1998) provide a summary of some models in use globally. 

In Australia Carter (1991) presented one of the early papers on stochastic asset 
models; the Carter model has a cascade structure similar to the later Wilkie 
model, and models inflation, short and long term interest rates, share prices and 
dividend yields, and property.  Harris (1994, 1995) critiqued some of the 
available stochastic models and Harris (1999) investigated some alternative 
models which allow for “regime switching”, that is, periodic structural or semi-
cyclical changes in the dynamics of the model.  Like some earlier authors, 
Sherris (1997) also noted that in the Australian environment, the assumption of 
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normally distributed residuals that is typically made in autoregressive models 
(even if the variance is allowed to vary over time) is not supported by Australian 
data.   

More recently, Grenfell published and regularly updated the parameters of a 
detailed asset model for actuarial use, the most recent of which is Grenfell 
(2013).   

Other models that have been actively used were developed by Tillinghast 
Towers Perrin, Morgan Stanley, Frank Russell, B&W Deloitte and Watson Wyatt.  

5 A stochastic model for illustrative use in this paper 

In this Section we develop a stochastic model for use to illustrate the concepts 
and utility of stochastic asset models in later Sections of the paper.  The model 
we propose is not necessarily one which we recommend for professional use; 
the intention is merely to develop a simple but not wildly unreasonable model 
to use in this paper to illustrate the useful purposes to which such a model could 
be put. 

We select sample sets of investment assumptions for pre- and post-retirement 
phases for an investor in the Australian superannuation environment according 
to a simple set of alternative asset allocations.  The asset allocations are as 
follows: 

1 Australian Shares 

2 Balanced 

3 Conservative growth 

4 Capital stable 

5 Cash 

The assumptions adopted in this Section draw heavily on Grenfell (2013).  The 
“balanced” and “capital stable” compositions are assumed to be as per the 
allocations in section 8.3 of Grenfell’s paper, as follows: 
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Table 4.1 Composition of Balanced and Capital Stable Funds by asset class 

Asset class Balanced %  Capital stable % 

Australian shares 36 15 

International shares (unhedged)  19 7 

International shares (hedged) 6 2 

Property trusts  7 3 

Direct property 2 2 

Australian government bonds  16 32 

International government bonds  7 12 

Cash  5 25 

Inflation linked bonds 2 2 

Grenfell notes that the asset allocations in “Balanced” funds have not changed 
greatly over time.  It may be noted that the allocation to “growth” and 
“defensive” assets in the “balanced” fund allocation is 70/30 whereas the 
“growth” vs “defensive” allocation in the “capital stable” allocation is 30/70.   
For the sake of a comprehensive mix of portfolios, in this paper we also define 
“conservative growth” category with a composition equal to the average of 
Grenfell’s “Balanced” and “capital stable” allocations for each of the asset 
classes listed in the above table.  

For each asset allocation, four data items are required to run the calculations in 
the tool. 

1 The mean of the pre-retirement investment return distribution. 

2 The pre-retirement standard deviation. 

3 The post-retirement mean return. 

4 The post-retirement standard deviation. 
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Pre-retirement means are taken directly from the “After tax and imputation 
credits and after fees” column of Grenfell’s Table 18.1 and are as follows: 

Table 4.2 Assumed nominal pre-retirement returns by asset allocation 

Asset Allocation Assumed pre-retirement mean 

Australian shares 9.43% 

Balanced 7.19% 

Conservative growth 6.52% 

Capital Stable 5.85% 

Cash 4.80% 

The mean of the conservative growth category is taken as the arithmetic 
average of the means for the balanced and capital stable portfolios. 

Post-retirement, of course investment roll-up is free of tax and imputation credits 
are refunded to the fund.  Grenfell’s Table 18.1 “Gross/net of fees” shows 
assumptions “before tax and after fees“ and also “after tax and imputation 
credits and after fees”.  Ideally the post-retirement assumption should be “after 
imputation credits and fees but before tax” since imputation credits are 
refunded.  However the benefit from imputation credits may be inferred from 
the difference between the effective tax rate assumed for Australian shares 
(3.5%, in Grenfell’s table 17.1) and the average tax rate for international shares 
(8.9% in the same table) as 5.4% of the total return.  Therefore the assumed 
post-retirement means for the five asset allocations are as shown below: 
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Table 4.3 Assumed nominal post-retirement returns by asset allocation 

Asset Allocation Grenfell “before 
tax, after fees” 

Imputation 
adjustment 

Assumed post-
retirement mean 

Australian shares 9.74% 0.56% 10.30% 

Balanced 7.78% 0.20% 7.98% 

Conservative growth 7.19% 0.14% 7.33% 

Capital stable 6.60% 0.08% 6.68% 

Cash 5.65% 0 5.65% 

Next because the tool uses real investment returns we need to adjust the 
above nominal returns for the impact of inflation, which is assumed to be 2.70% 
(Table 16.1 of Grenfell paper). 

We therefore arrive at the following mean real investment returns: 

Table 4.4 Assumed real pre- and post-retirement returns by asset allocation 

Asset Allocation Pre-retirement mean real 
investment return  

Post-retirement mean real 
investment return  

Australian shares 6.55% 7.40% 

Balanced 4.37% 5.14% 

Conservative growth 3.72% 4.51% 

Capital stable 3.07% 3.88% 

Cash 2.04% 2.87% 

 

To obtain the standard deviations, we may derive an estimate based on the 
standard deviations of the nominal rates of return quoted in Grenfell using the 
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nominal standard deviations referred to in Table 16.1.  However, we need to 
adjust those returns for the impact of inflation, noting that inflation is correlated 
with the investment returns as per Grenfell’s Table 16.3 (correlations are fairly 
minimal with growth assets but very significantly positive, as one would expect 
(“Fisher effect”) with cash. 

Using the formula derived in Hinkley (1969) we get the following estimate for the 
standard deviation of the real investment returns of the five asset classes: 

Table 4.5 Assumed pre- and post-retirement standard deviations of real returns 
by asset allocation 

Asset Allocation Pre-retirement standard 
deviation of the real 
investment return  

Post-retirement standard 
deviation of the real 
investment return 

Australian shares 16.3% 18.3% 

Balanced 9.6% 11.3% 

Conservative growth 7.3% 8.7% 

Capital stable 5.0% 6.2% 

Cash 2.2% 3.1% 

The model that we propose to use is a simple model that assumes independent 
normally distributed future rates of return with the fixed means and standard 
deviations shown in Tables 4.4 and 4.5 above.  Whilst this model is a very simple 
one, it permits the use of the stochastic modelling tool made available to the 
author by CV Solutions and allows stochastic calculations to be performed for 
illustrative purposes.  There is no reason why, in principle, any of the more 
complex models referred to in Section 3 above cannot be adopted for 
stochastic calculation purposes. 

6 Approach 

To investigate the circumstances of a number of different combinations of 
financial and demographic variables, the following combinations of variables 
were considered: 

1. Age: to represent “young”, “mid-career” and “retiree” clients, 
hypothetical clients aged 25, 45 and 65 were considered. 
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2. Salary: two alternative salaries were considered, one in the vicinity of 
average weekly earnings ($60,000 per annum) and the other significantly 
higher ($150,000 per annum). 

3. Superannuation balance: two balances were considered for each 
hypothetical client, a “low” balance and a “high” balance.  The “low” 
balance was taken as 10% of current salary for each year of age in 
excess of 20.  The “high” balance was taken as 20% of current salary for 
each year of age in excess of 20. 

4. Target retirement income: two target retirement incomes were considered 
for each combination of variables, namely 50% of salary and 75% of 
salary. 

5. Asset balances were projected according for each of the following five 
asset allocations determined in Section 4 above (see Table 4.2 above in 
particular): cash; capital stable; conservative growth; balanced; and 
Australian shares. 

The above combination of variables results in 3 x 2 x 2 x 2 x 5 = 120 simulation 
runs required.  For each combination of variables, the asset returns were 
simulated for each year of age up to 100.  “Sustainable retirement income” was 
defined to be the level, for any specified probability p, such that the frequency 
of exhaustion of the client’s assets by the selected “run-out age” based on the 
Monte Carlo simulations was p.  For example, if p is selected to be 33%, then the 
“sustainable retirement income” for a client would be $X if the probability that 
the assets of the client would fall to zero by the run-out age was exactly 33%.  
Putting it another way, the client has a “good chance” (ie 100% minus p, or 
67%) that if the client draws a total retirement income of $X that his or her assets 
would survive until the run-out age. 

To keep the number of cases within reasonable bounds only single clients were 
considered.  In practice the majority of clients would be married.  There is no 
reason in principle why the techniques in this paper cannot be applied equally 
to the case of married clients, but for the purposes of this paper it was more 
straightforward to consider single clients rather than to consider a whole new 
range of additional variables such as spouse’s age, spouses salary, spouse’s 
superannuation balances, and so on, which would have rapidly multiplied the 
number of cases to a much larger number than the 120 cases that are 
considered here. 

The following assumptions were made in each of the simulations. 

1. Client retires at age 65. 

2. Client is a homeowner. 

3. The age pension payable to the client is allowed for in all simulations and 
the client is assumed to be eligible for the age pension if assets and age 
permit. 

4. The aged pension income test is ignored. 
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5. Client is currently paying 9.5% of salary as SGC contributions but no 
additional contributions and has no financial assets outside of 
superannuation. 

6. Client’s salary will increase with CPI alone, without additional promotional 
increases. 

7. Client makes no additional contributions to superannuation other than the 
SGC. 

8. Future SGC rates remain as currently announced (9.5% to 30 June 2021, 
then increasing by 0.5% per annum on each subsequent 1 July until they 
reach 12% with effect from 1 July 2025). 

9. The maximum amount of the aged pension remains at current levels in 
real terms. 

10. The asset testing thresholds and limits remain at current limits in real 
terms. 

11. Contributions tax remains at 15%. 

12. The client has no particular requirement to leave any specific legacy. 

For each of the 120 client situations, 5000 simulations were prepared, by single 
year of age up to age 100.  Thus for young (25 year old) clients the 5000 
simulations each ran for 75 years.  In all cases the investment returns were 
assumed to be independently and identically normally distributed with the 
parameters derived in Section 4 above. 

7 Results and discussion 

A high level inspection of the results in Appendix A enables us to make a few, 
mainly obvious, observations. 

Firstly, the manner in which the sustainable retirement incomes vary as a 
function of the permitted “failure probability” p is, as we would expect, a 
marked function of riskiness of the asset allocation.  Taking Table A2.1 as an 
example, the sustainable retirement income to age 92 with a 1% “failure 
probability” is $35,779 and the sustainable retirement income to age 92 with a 
85% “failure probability” is $41,890, only 17% higher, but if the client is invested in 
Australian shares, the sustainable income with a 1% failure probability is a low 
$29,783 but the sustainable income with an 85% failure probability is a very high 
$171,675. 

Secondly it may be noted that the age at which the lower “target income” 
expires is often in excess of 100 years (simply shown as “100.0” in the projection 
results as the simulations did not extend beyond 100 years of age).  Particularly 
this applies to the lower salary of $60,000.  This occurs because the lower target 
retirement income is only $30,000 per annum (50% of the salary of $60,000), a 
significant proportion of which can be from the age pension even in the 
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absence of any superannuation balance; the maximum age pension including 
supplements at the date of writing is $22,289 per annum. 

Table 7.1 below presents optimal asset allocation decisions based on the 
simulation work performed.  The criterion applied in selecting the optimal asset 
allocation was to maximise the expected number of life-years for which the 
Target Income could be sustained.   

The metric used to approximate the expected number of life years lived prior to 
expiry of the target retirement income was as follows: 

0.995*(T(65)-T(x0.01))+0.97*((T(x0.01)- T(x0.05))+ 0.90*((T(x0.05)- T(x0.15))+ 0.76*((T(x0.15)- 
T(x0.33))+ 0.5*((T(x0.33)- T(x0.67))+ 0.24*((T(x0.67)- T(x0.85))+0.075* T(x0.85) 

where  

T(x)  is the number of years lived after age x according to the Australian Life 
Tables 2010-2012 (Australian Government Actuary, 2014) 

xp is the age such that the probability that the client’s assets have expired by 
age x is p 

The rationale for the above formula is as follows.  The total number of life years 
lived, as per the Life Tables, after age 65 from the 100,000 live births is T(65).  All 
retirees have positive asset balances at this point.  However, by age x0.01, the 
age at which the asset balances of 1% of retirees have expired, only 99% of 
retirees still have a positive asset balance.  Therefore we can approximate the 
number of life years lived between 65 and x0.01 whilst still receiving target 
retirement income as 0.995*(T(65)-T(x0.01)) on the assumption that half of those 
life years were lived while the retiree still held positive asset balance and 
received the target retirement income.  Similarly for the other terms in the 
above formula, the assumption is that the proportion of life years lived between 
successive ages during which the target retirement income was received are 
the mean of the probabilities of non-zero asset balances at the beginning and 
ending ages of that age band.  The ages appearing in the formula were 
selected because they were the ages for which the percentile points had been 
requested by the author as output from the CV Solutions projection tool; a 
more exact calculation would be possible from subsequent runs if a more 
extensive list of percentile points (say, 100 points at 1% intervals) had been 
specified. 

In cases where several asset allocations produced Target Income sustainable 
beyond 100 years with at least 99% probability, the selected “optimal” asset 
allocation is the highest allocation to growth assets that produced a run-out 
age of at least 100 years at the 1% failure probability level.  These are marked 
with an asterisk in the Table.  These cases generally occurred where the Target 
Retirement Income was modest ($30,000, being 50% of the lower ($60,000) 
salary).  In these cases, meeting the retirement income objective is more or less 
assured because the age pension alone meets 74% of the retiree’s income 
needs.  These cases are shown as greyed cells in the table below.  In those 
special cases the issue of optimal asset allocation is less significant.   
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The author acknowledges that the “optimal” asset allocations are chosen from 
the five specified asset allocations on the assumptions of fixed future asset 
allocations.  “Glide path” approaches (where the allocation to the various 
asset classes changes over time with the percentage allocated to growth 
assets typically declining with advancing age) have not been considered.  
However, the author proposes as an hypothesis, for which no attempt is made 
in this paper to verify, that the preferable approach to any fixed “glide path” is 
to regularly re-evaluate the probability of achievement of the investor’s 
objectives under alternative asset allocations, given updated information 
about: 

• historical asset class performance; 

• asset model assumptions,  

• investor demographics and objectives at each review. 

The author suspects that it is technically preferable to choose between 
alternative asset allocations on the basis that each alternative under 
consideration will continue to apply for the remainder of the investor’s 
prospective lifetime. 

Also, the criterion which has been used to determine “optimal” asset 
allocations is to maximise the number of life years lived for which the retiree has 
access to target income (before assets expire and the retiree falls back on age 
pension alone).  Although this seems a natural approach, there are alternative 
approaches to determining the “optimal asset allocation”.  For example, a 
client might decide to adopt the particular asset allocation at any point in time 
that provided the greatest “sustainable retirement income” at any point in 
time, where “sustainable retirement income” would be defined as the income 
which, with probability α would be maintained for the investor’s remaining 
lifetime. Different allocations might also result if, instead of simply choosing a 
target retirement income and spending that amount regardless of asset 
performance over time, the retiree adopted some formula for future spending 
which had some functional dependence on asset values (for example, 
spending 5% of the assets available at the beginning of each year).  In that 
case, the asset allocation that might be adopted at any point in time would be 
the one which would maximise the investor’s future utility, summed over future 
years and alternative annual expenditure, probability weighted by applying 
the asset models to the alternative asset allocations. 
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Table 7.1 “Optimal” asset allocations  

Age Target 
Income 

Salary $60K 

Low Super 
Balance 

Salary $60K 

High Super 
Balance 

Salary $150K 

Low Super 
Balance 

Salary $150K 

High Super 
Balance 

25 50% of Salary Balanced* Balanced* Australian 
Shares 

Conserv. 
Growth 

25 75% of Salary Australian 
Shares 

Conserv. 
Growth 

Australian 
Shares 

Australian 
Shares 

45 50% of Salary Conserv. 
Growth* 

Australian 
Shares* 

Australian 
Shares 

Capital 
Stable 

45 75% of Salary Australian 
Shares 

Capital 
Stable 

Australian 
Shares 

Australian 
Shares 

65 50% of Salary Capital 
Stable* 

Balanced* Australian 
Shares 

Capital 
Stable 

65 75% of Salary Australian 
Shares 

Capital 
Stable 

Australian 
Shares 

Australian 
Shares 

The results of the “optimal asset allocations” in the above table may be 
compared with the work of Basu (2008) who considered a range of investment 
strategies for 25 year-old superannuation investors.  His modelling is similar in 
some ways to that in this paper (stochastic approach, Australian based 
historical data, use of independent and identically distributed returns in each 
future year without serial correlation with prior observations) but also different in 
some respects.  In particular, the focus of his analyses is the lump sum 
accumulated at age 65.  Basu finds that (with returns simulated based on three 
different long periods of Australian investment returns) an investment strategy of 
100% shares appears to outperform not only a range of fixed percentage asset 
allocations adopted as the “default” allocations by a range of leading 
superannuation funds, and outperforms the “lifecycle” asset allocation 
strategies adopted by the three funds that are considered in his research, but 
also (p 124): 

“very high allocations to stocks may actually prove to be less risky on most 
occasions if risk is viewed in the context of falling short of the participant’s 
wealth accumulation target, in terms of both probability and magnitude of 
shortfall.”  
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Another recent academic paper (Salazar et al, 2014) has considered 
specifically the case of a superannuation investor with a 10-year remaining 
timeframe prior to retirement and considers the investor’s objective to be the 
attainment of a Target Retirement Wealth Ratio (TRWR) defined as the ratio of 
the lump sum at retirement to final salary, of either 5, 8 or 10.  Their paper utilises 
Australian investment performance data for the period 1970 to 2013 and 
considers a number of different asset models and correlation structures.  The 
four asset allocations that they consider are: 

1. A portfolio of 80% stocks and 20% bonds. 

2. A portfolio of 20% stocks and 80% bonds. 

3. A portfolio that moves linearly from 80% stocks to 20% stocks. 

4. A portfolio that moves linearly from 20% stocks to 80% stocks. 

The starting position is a superannuation balance of $250,000, a salary of about 
$63,000 and standard superannuation contributions of 9.5% per annum, 
increasing at 4% per annum wage inflation.  Note that the ratio of current 
superannuation balance to salary is already close to 4 at the commencement 
of the 10-year projection period.   

Their key findings, in summary form, are that: 

1. If the investor objective is a TRWR of 5, then it does not matter very much 
which of the four above asset allocation policies the investor follows; the 
success probability varies a little by model and asset allocation but is 
typically in the range from 80% to 86%. 

2. If the investor objective is a TRWR of 8, then easily the best asset 
allocation is the fixed 80% stocks (generally with about a 50% probability 
of success), easily the worst is the fixed 20% allocation to stocks 
(generally with about a 20% probability of success), and there is little to 
distinguish the other two, which typically show a success probability of 
about 37%. 

3. If the investor objective is a TRWR of 10, then easily the best asset 
allocation is the fixed 80% stocks (generally with about a 30% probability 
of success), easily the worst is the fixed 20% allocation to stocks 
(generally with about a 6% probability of success), and there is little to 
distinguish the other two, which typically show a success probability of 
about 18%. 

In the remainder of this Section we consider the results of the stochastic 
modelling and in particular we examine the impact on the asset allocation 
decision of: 

1. Age; 

2. Salary; 

3. Current superannuation balance (“high” vs “low”) 
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4. Target retirement income (50% vs 75%). 

7.1 Age 

It will come as no surprise that age is shown to be easily the single most crucial 
variable that impacts on the asset allocation decision.   

By way of background, it is worth noting that the great majority of Australians 
will reach an advanced age (74.2% of males will attain the age of 75 and 78.5% 
of females will attain age 78 according to the Australian Life Tables 2010-2012).  
The peak 20-year span of the “curve of deaths” runs from ages 75 to 95 (66.5% 
of males die between these ages), and the corresponding peak 20-year span 
for females runs from age 78 to age 98 (71.8% of females die between these 
ages).  The mode occurs at age 87 for males and 90 for females and the 
median at 83.3 for males and 87.2 for females.  The 95th percentile is at age 96.5 
for males and 99.0 for females.  These figures are of course “cross-sectional”: 
they are based on Australian mortality at each age in the 2010 to 2012 
triennium and therefore do not allow for mortality improvement.  The tables on 
pages 18 to 21 of the Report suggest that on a cohort basis, allowing for 
mortality improvements, it would be reasonable currently to add one or two 
years to the above life table expectancies at age 65, so 65 year old males 
currently may live to 85 or 86 on average and females to 88 or 89 on average. 

The older the client, the more likely it is to be appropriate to adopt a more 
conservative asset allocation.  For example, consider three clients with a 
$60,000 salary and “low” superannuation balances, aged 25, 45 and 65 (see 
Tables A2.1, A2.5 and A2.9).  In all cases, if investment returns are favourable 
(say at, or better than 67% (or 85%) of the simulations), it is always good to have 
selected the options with higher allocations to growth assets, but conversely if 
returns are unfavourable, particularly at the extreme end (1% and 5%) then of 
course in retrospect the more conservative asset allocations would have 
worked out better.  But the impact of age can be seen in the “probability 
crossover point” at which the simulation outcomes according to the various 
alternative asset allocations seem to be more or less neutral.  Consider a client 
aged 25, for example.  If the client is fairly cautious, and wants to choose a 
level of retirement income that will have a 95% probability of being sustainable, 
then the client will choose a capital stable or conservative growth option and 
draw down on his superannuation so that his income is a little over $38,000.  But 
it is interesting to note that at this level of caution, it barely matters which asset 
allocation the client chooses, the 5th most adverse percentile produces a very 
similar result across all asset allocations. 

By comparison, a 65 year old retiree facing the same choices sees that if he 
looks at the 5th most adverse percentile outcome, he is clearly worse off if he 
invests in Australian shares than if he takes a more cautious approach.  The 
percentile point at which the 65 year old is more or less indifferent between the 
asset allocations lies somewhere between the 15th and the 33rd most 
unfavourable outcomes.  Thus it is more rational for older investors to invest in a 
more cautious asset allocation. 
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Looking at the question another way, from the expiry age of the target 
retirement income, consider two super scheme members, who wish to make 
their decisions based on the age at which the Target Retirement Income will 
expire.  The member aged 25 is more or less indifferent between asset 
allocations based on the 5th percentile of adverse outcomes.  But surely this 
contributor should decide to invest in shares – after all, it is something like 20 
times more likely that he will gain from the decision to invest in shares than to 
lose.  However now consider the case of the 65 year old. The “neutral point” is 
at about the 33rd percentile of the most adverse outcomes.  Here again it is 
more likely that the retiree will gain by investing in Australian shares than not, 
but here the ratio is two to one rather than 20 to one, so the decision is less 
clear cut. 

We conclude the summary of age as a factor influencing optimal asset 
allocation by considering what happens to the optimal allocation in the eight 
salary/superannuation balance/target retirement income % situations, as age 
varies.  Let us leave aside the two cases where the client has a low salary and 
low (50% of salary) target retirement income, as in these cases target retirement 
income is provided largely by the age pension and asset allocation has little 
importance.  In the two of the remaining cases where the client has quite a 
good chance of achieving his retirement income ($60K salary, 75% target 
retirement income, high superannuation balance; and $150K salary, 50% target 
retirement income, high superannuation balance) it can be seen that older 
clients may wish to take a more conservative investment approach.  In the 
other cases, it is necessary to adopt a high-volatility investment allocation (100% 
shares) to provide an optimal outcome in terms of years before the assets 
expire, regardless of age. 

7.2 Salary 

In this Section we are interested to compare the output of the simulation results 
for clients on different salaries, but who are otherwise similar.  For example, we 
may compare the output in Table A2.1 with that in Table A2.3.  The 
superannuation balances in this case are proportional to the current salaries, 
which is a natural assumption if each client has been contributing to 
superannuation solely via the SGC. 

In all these situations there is a very clear observation, namely that the expiry 
ages for the target income on a “like for like” basis (same target income %, 
same probability of failure, same asset allocation) are always lower for the 
client on the higher salary.  In other words, it is much more difficult for a high 
salary client to achieve a corresponding target retirement income (% to current 
salary) than a client on a lower salary.  This occurs because the client on the 
lower salary is likely to obtain a much higher percentage of any target income 
from the age pension.   

There is a slight mitigating factor that may be considered here: generally 
income in retirement phase should not be taxable if the client’s assets are 
largely in a superannuation fund in pension phase, but tax takes a higher 
proportion of gross salary during the working years of someone on the higher 
salary, so it is reasonable to think that the target requirement income of a high 
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salary earner to maintain their pre-retirement standard of living might be 
somewhat lower than that of a lower income earner.  For example, in the 
2014/15 income year, tax on a taxable income of $60,000 is $11,047 (Australian 
Taxation Office, 2014) or 18%, whilst tax on a taxable income of $150,000 is 
$43,447 or 29%.  So a comparable target retirement income for the higher 
earner would be (100-29)/(100-18) or 71/82 times the equivalent percentage 
chosen by the lower salary earner.  For example, if the lower salary earner 
chooses a 75% replacement rate, on an after tax basis the higher salary earner 
will produce the same replacement rate by opting for 65% of pre-retirement 
gross salary.  This is a material consideration but does not obviate the need for 
the higher earner to save a higher percentage of salary to achieve the same 
target retirement income result.  In fact, on a like for like basis, the ages at 
which the 75% target income would expire for someone on a salary of $60,000 
are uncannily similar to the ages at which a 50% target income would expire for 
the $150,000 salary earner.  So the higher salary earner needs to save much 
harder (or invest more volatile assets) to achieve a reasonable replacement 
ratio outcome. 

But what does salary mean for the asset allocation decision?  Consider two 25 
year olds with “high” superannuation balances.  If the lower paid (salary = 
$60,000) holds cash, the assets would normally become exhausted some time 
between age 84.5 and age 91, there is a reasonable chance that holding cash 
will allow the client to maintain this target retirement income level until death.  
However if the higher paid individual holds cash, the assets will expire some 
time between ages 76 and 80, so it is very likely that assets will expire prior to 
death.  On the other hand, by investing in Australian shares, the higher paid 
individual would “normally” be able to maintain positive asset balance until at 
least age 83, which would provide a good chance of maintaining target 
income until death. 

Next consider age 65, where we find that a similar rationale applies.  By holding 
cash, a low salary earner aiming for a 75% replacement ratio (Table A2.10) can 
expect assets to last until some time between ages 89 and 93, and takes a 
significant downside risk if investing in Australian shares that 1% of the time 
assets will expire by age 77.5.  But the corresponding high salary earner (Table 
A2.12) holding cash is faced with asset expiry, normally between the ages of 78 
and 81, so is to some extent forced to accept significant asset volatility to 
provide some chance that assets will survive to later than the likely date of 
death. 

In conclusion we note that of the six age and superannuation balance 
combinations with the higher (75%) target retirement incomes as a percentage 
of salary, the three with the low superannuation balances show the same 
optimal asset allocation (Australian shares in all cases).  However in the three 
cases with the high superannuation balances, where the client with the lower 
salary has a good chance of attaining his retirement objectives to an 
advanced age, a more conservative allocation is better.  A key observation is 
that salary is an important determinant of optimal asset allocation in these 
cases yet this dependence is not picked up anywhere in the risk profile 
questionnaires, since none of the questionnaires asks questions about salary 
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(certainly none of the risk profile questionnaires referenced in Section 2.2 above 
contain any salary-related questions). 

7.3 Current superannuation balance 

Clearly a higher superannuation balance improves the prospects of the client 
for a higher income in retirement.  As may be expected, the impact of 
doubling the client’s superannuation balance varies by age. 

Even at age 25, the increase in the superannuation balance from “low” to 
“high” (only a $30,000 increase for the $60,000 salary earner) typically adds 
three to five years to the estimated age at asset exhaustion for corresponding 
target income %, asset allocation and failure probability % (but sometimes a 
little less than three years especially for the higher replacement ratio target). 

At age 45, doubling the superannuation balance typically adds about 10 to 15 
years to the estimated asset exhaustion age.  Again, this can be a little less 
particularly for high-volatility allocations and low failure probabilities. 

Finally at age 65, doubling the superannuation balance typically adds 12 to 20 
years to the estimated asset exhaustion age for the 50% replacement ratio but 
only 5 to 12 years at the 75% replacement ratio where the expiry ages are 
younger. 

But what does a high or low superannuation balance mean for asset allocation 
decisions?  Consider firstly a 45 year old with a salary of $60,000 and targeting a 
retirement income of $45,000.  If the client has a low superannuation balance 
(Table A2.5) their assets are likely to expire between ages 78 and 82, probably 
within their life expectancy, so it seems appropriate to take an investment risk 
and shift into Australian shares, which (two thirds of the time) will result in assets 
exhausting some time after age 93. On the other hand, the same client with a 
high superannuation balance, if invested in cash, will result in asset exhaustion 
70% of the time between ages 89 and 96.  If such a client were to consider an 
alternative allocation, a shift to capital stable produces gains in most scenarios 
with only a modest cost in the event of a very adverse (1%) scenario and would 
seem to be in order, but a shift to shares would leave the client unnecessarily 
exposed to a 5% chance of asset expiry by age 81 and a 1% chance of asset 
expiry by age 73. 

As a second example, consider a 65 year-old retiree with a salary of $150,000.  
For a client with a low superannuation balance, whether the client is targeting 
a 50% income ($75,000) or 75% ($112,500), considering asset allocations is only 
rearranging the deck chairs on the Titanic: the low balance means that assets 
will become exhausted anyway, and investing in shares rather than cash will 
make that happen a few years earlier if investment returns are poor but a few 
years later if returns are good. On the other hand, the considerations are 
different for a client with a high balance.  If the latter client is targeting 50% of 
final salary as retirement income, investing in cash will mean exhaustion (70% of 
the time) between the ages of 89.0 and 94.1, which is beyond life expectancy 
anyway.  (Life expectancy for an Australian male aged 65 according to the 
Australian Life Tables 20010-2012 was 19.22 years, and life expectancy for a 
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female was 22.05 years (Australian Government Actuary, 2014). A shift to 
capital stable would be worthwhile but there is no point in further increasing the 
asset volatility because that would just unnecessarily increase the risks in poor 
investment return scenarios.  On the other hand, if the client is targeting a more 
aggressive replacement rate of 75%, then assets are likely to exhaust between 
ages 78.3 and 80.7, well short of life expectancy, and a shift to conservative 
growth seems to optimise risks and rewards.  By shifting to conservative growth, 
the client accelerates asset exhaustion in about 25% of scenarios, by up to 2 
years in the 1% case, but this is more than offset by improvements in the middle 
and at the favourable end of the statistical distribution. 

In summary, the question of how asset allocation should vary as a function of 
superannuation balance is not a straightforward one.  However the following 
three general observations may be inferred from the above discussion.   

• If the superannuation balance is such that target retirement income can 
be achieved with a very conservative asset allocation, then there is no 
point in taking a lot of asset risk: such a change would only increase risk in 
the event of adverse scenarios.   

• If a conservative asset allocation is likely to lead to asset exhaustion prior to 
life expectancy, then a shift to a more aggressive asset allocation will 
usually increase asset duration in the more common scenarios (at the 
expense of shorter asset duration in unfavourable markets). 

• If the superannuation balance is so deficient relative to target retirement 
income that assets are bound to exhaust well before life expectancy 
anyway, changes to asset allocation can make only limited difference to 
the likely outcomes. 

In conclusion we note that of the twelve combinations of age/salary/target 
retirement income %, in four cases the optimal asset allocation does not 
change as a function of superannuation balance but in eight cases it does.  
Generally speaking, the higher the superannuation balance, the lower the 
optimal asset risk, but the general rule does not apply in the three special cases 
where target retirement income is very low due to low salary and low target 
income as a % of salary.  Thus, “high” or “low” current superannuation balance 
is another variable that is critical to determination of optimal asset allocation, 
yet again this is not detected by any of the risk profile questionnaires because 
none seek information about this factor. 

7.4 Target retirement income 

Obviously enough, in almost all cases the ages at which target retirement 
income expires varies greatly according to whether the lower or higher income 
target is adopted (50% or 75% of salary).  The only exceptions are in a few 
situations where even the high target income can be maintained to age 100.  

In terms of the impact of target retirement income on asset allocation 
decisions, in reality the asset allocation decisions are affected not solely by the 
target retirement income as a % of salary but by the relationship between the 
target retirement income and the superannuation balance.   
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To conclude the discussion of the significance of target retirement income as a 
% of salary we note that in nine of the twelve age/salary/superannuation 
balance combinations in Table 7.1 there are different optimal asset allocations 
according to whether the client seeks retirement income of 50% or 75% of 
salary.  In most cases, aiming for a higher retirement income % requires taking 
more investment risk in the attempt to achieve the higher income.  The only 
exceptions are the high salary, low superannuation balance situations where 
prospects of securing the target income are already relatively poor unless a 
high level of asset risk is accepted.   

Thus target retirement income % is another critical variable in the determination 
of the appropriate asset allocation yet this is another variable about which the 
risk profile questionnaires seek no information. 

7.5 Integrating the above discussion 

In previous sub-sections 7.2 to 7.5 we have separately considered the impact of 
age, salary, current superannuation balance and target retirement income on 
the optimal asset allocation and found that all are significant.  However, review 
of the discussion of each variable and some consideration of the rationale for 
the asset allocation outcomes suggests a way of integrating the separate 
discussions.  In particular, the suspicion arises that optimal asset allocation is a 
function of sufficiency of assets (a suspicion that is certainly supported by the 
findings of Salazar et al (2014) discussed above). 

To provide some motivation for this line of reasoning, let us start from first 
principles for a moment.  What asset allocation would one choose if one’s 
assets were: 

1. Definitely more than adequate to provide the target retirement income 
regardless of selected asset allocation? 

2. Adequate to provide the target retirement income with a high degree 
of probability even using low asset return assumptions? 

3. Adequate to provide the target retirement income but only if “medium” 
asset returns can be achieved? 

4. Adequate to provide the target retirement income only if high asset 
returns can be achieved? 

5. Inadequate to provide the target retirement income regardless of asset 
returns? 

It would seem to be reasonable to venture the following answers. 

1. If assets are more than adequate then it hardly matters what asset 
allocation one adopts.  In practice this is likely to be dictated by other 
considerations such as avoidance of unlikely risks, protection against 
inflation and the client’s preferences for how excess assets (likely to be 
inherited by heirs) are to be invested. 
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2. In this case, it seems appropriate to invest conservatively, and avoid the 
key risk to maintenance of the desired target income, namely poor 
returns from risky assets. 

3. This situation falls between 2 above and 4 below and one might expect 
the optimal asset allocation to reflect this, by being “riskier” than the 
conservative allocation in 2 but taking less investment risk than would be 
necessary if equity-like returns are required to meet the target income. 

4. On the assumption that assets will need to earn a reasonably high rate of 
return to meet target retirement income, the appropriate asset 
allocation would seem to be an allocation that gives a reasonable 
probability of meeting the target income objectives for the client’s 
lifespan.  This means an allocation with a very high weighting to risk 
assets, notwithstanding the possibility that with this allocation the client 
runs the risk that assets will expire even more quickly than if a cautious 
allocation has been adopted. 

5. In this unsatisfactory situation again the client will most likely revert to the 
age pension at some stage prior to expected lifespan.  However, in 
order to postpone that time for the longest possible time, a high-volatility 
allocation seems preferable. 

In other words, other than situation 1 which is a special case, the riskiness of the 
asset allocation is more or less in inverse proportion to the sufficiency of the 
client’s assets. 

This observation raises the question whether it is possible to map an individual 
from the individual’s financial circumstances to an asset allocation based on 
an index of sufficiency of their assets. 

By way of illustrative example, the author proposes the following index for 
possible consideration for 65 year-old retirees: 

Current superannuation balance/ 

{(Target annual retirement income – Expected age pension) x Life expectancy} 

If we arbitrarily adopt say 25 years as a life expectancy measure, then turning 
to the 65 year olds in Table 7.1 we can produce Table 7.2, showing the age 
pension entitlements, the “Sufficiency Index” and the optimal asset allocations. 
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Table 7.2 “Optimal” asset allocations at age 65 vs “Sufficiency Index” 

Target 
Income 

 Salary $60K 

Super $270K 

Salary $60K 

Super $540K 

Salary $150K 

Super $675K 

Salary $150K 

Super $1350K  

50% of 
Salary 

Age 
Pension 

$19,628 $9,061 $3,778 $0 

Sufficiency 

Index 

1.04 1.03 0.38 0.72 

Optimal  

Allocation 

Capital 
Stable* 

Balanced* Australian 
Shares 

Capital 
Stable 

75% of 
Salary 

Age 
Pension 

$19,628 $9,061 $3,778 $0 

Sufficiency 

Index 

0.43 0.60 0.25 0.48 

Optimal  

Allocation 

Australian 
Shares 

Capital 
Stable 

Australian 
Shares 

Australian 
Shares 

Age pension entitlement is taken as: 

$22,289 - (Super balance - $202,000) x 0.039135  

with a minimum of zero. 

(We note in passing that the fact that the age pension annual entitlement is 
perfectly negatively correlated with the superannuation balance (for retirees 
with assets greater than the lower threshold for the asset test but less than the 
upper threshold) implies that the notional age pension “asset” may be 
considered to be negatively correlated with the performance of conventional 
investment assets with volatile market values.  So retirees within the asset testing 
band would be expected, other things being equal, to allocate a greater 
percentage of their asset portfolios to volatile assets than they might in the 
absence of the negatively correlated age pension “asset”.) 
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The above Table suggests that a possible, though hypothetical asset allocation 
“rule” that is consistent with the “optimal” asset allocations in Table 7.2 
excluding the two “special cases” might be that shown in Table 7.3 below: 

Table 7.3 “Optimal” asset allocations at age 65 vs “Sufficiency Index” 

Value of Sufficiency Index 
(“SI”) 

Optimal Asset Allocation 

<0.50 Australian Shares 

0.50 < SI < 0.59 Balanced 

SI > 0.59 Capital Stable 

The Table above is hypothetical particularly in relation to Balanced allocation 
as the Balanced allocation did not appear optimal for any of the eight 65 year 
old scenarios apart from the special case with the $60K salary and high ($540K) 
superannuation balance where a significant proportion of retirement income 
needs are met from the Age Pension. 

The point of introducing the above table is not to suggest an actual practical 
rule for adoption by retirees but to emphasise the concept that optimal asset 
allocation is determined by the financial circumstances of the individual and by 
their financial objectives.   

8 Opportunities to “take the lead” 

8.1 ASIC 

The discussion above suggests that there are several aspects that ASIC might 
want to take an interest in, as the regulator responsible for the conduct of AFSL 
licensees and their authorised representatives, who provide personal financial 
advice to retail consumers. 

There is strong evidence from the feedback from practising financial planners 
that the client risk profile questionnaire may lead to asset allocations being 
adopted that are not in the best interests of the client, and that advisers know 
not to be in the best interests of the client, but where the adviser nevertheless 
accepts the resulting asset allocation because they foresee client unhappiness 
if they encourage the client to take on more investment risk than the client is 
comfortable in adopting.  In such cases, the advice provided would seem to 
be less than optimal.  There are several reasons for this: 

• A view that the client is “more comfortable” with the asset allocation that 
flows from the risk profile questionnaire and that the client should be 
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permitted to follow their preferences (even though the adviser knows this 
is not in the client’s best interests). 

• A perception that the adviser will be exposed to liability actions if the 
adviser recommends risky investments that turn out poorly. 

• A perception that the “know your client” rule prohibits the adviser from 
advising the client to adopt an asset allocation that is inconsistent with 
their risk profile as measured by the risk profiling instrument. 

This does raise the question as to what should happen when the asset 
allocation that the client is “comfortable with” is not the allocation that is 
optimal, especially if this is obvious to the adviser.   

Whilst ASIC might well take the view that the “know your client” rule does not 
require AFSL licensees to adopt any particular risk profiling tool or any particular 
asset allocation that may follow from adopting such a tool, in practice it seems 
that advisers and licensees have adopted this as a working assumption.  
Therefore the question arises for ASIC, as to what if any, actions would be 
appropriate to alleviate the sub-optimal results of the client risk profiling 
sausage machine. 

It should be acknowledged that the regulator has a difficult job.  It is clearly in 
the best interests of retail advice clients that they not be pushed into totally 
inappropriate investments (the whole of their life savings into shaky forestry 
schemes, etc).  But the current regulatory regime seems to be at least partly 
responsible for a view that “if the client wants it and the client signs off on it, 
then that’s OK and I have done my job”. 

8.2 Individual Advisers 

In the author’s opinion, retail advice that included a stochastic assessment of 
the sustainable income or target income expiry date as a function of asset 
allocation would be of enormous value.  Asset allocation is a critical 
component of retail advice, and it receives insufficient attention at present 
because advisers think that their jobs have been done when they complete the 
risk profile questionnaire.  The author has had informal discussions with a number 
of actuaries, and despite the fact that actuaries are surely among the best 
informed professions in relation to the characteristics and performance of the 
various asset categories, it is clear that there is great uncertainty as to the 
optimal asset allocation solutions.  

We can note the wise advice of some of the practising financial planners to the 
effect that some clients will not understand stochastic information.  But ways 
could be developed of communicating the consequences of alternative 
allocations in relatively simple language.  For example, taking the client in 
Appendix A2.1 as an example, communication could be along the lines of: 

• If you invest your balance in cash, you will have a good chance of 
attaining a retirement income of $39,036 per annum. 
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• If you invest your balance in capital stable investments, you will have a 
good chance of attaining a retirement income of $43,362 per annum. 

• If you invest your balance in conservative growth investments, you will 
have a good chance of attaining a retirement income of $45,886 per 
annum. 

• If you invest your balance in balanced investments, you will have a good 
chance of attaining a retirement income of $48,376 per annum. 

• If you invest your balance in Australian shares, you will have a good 
chance of attaining a retirement income of $58,395 per annum. 

These sorts of statements are better than simple projections using the mean 
returns because they allow for the downside risk at some pre-selected level 
rather than automatically showing better results for the higher volatility 
allocations. 

Thus it appears to the author that there is scope for significant value to be 
added to retail advice (at least, for clients who are capable of understanding 
the SOA) by incorporating stochastic information into the advice. 

8.3 Financial Advice providers (AFSL licensees) 

If individual advisers are to provide stochastic information in their advice to 
clients, they will need the tools with which to perform these sorts of calculations. 
Clearly these tools are not entirely straightforward to develop.  For example, 
asset models must be developed, tools built and incorporated into the advice 
software, text drafted and reviewed, and computations monitored with 
appropriate controls. 

8.4 Actuaries Institute 

One of the most crucial components of any stochastic approach is the asset 
model.  These are difficult to develop and parameterise but the outputs would 
be critical to financial decisions.  To some extent the parameters can be 
determined by reference to data but it is clear that they also need expert 
review based on judgment.  Given the strong public interest in availability of 
reasonable asset models, is this an area where the Actuaries Institute could step 
in via an expert Subcommittee of the Life Insurance and Wealth Management 
Practice Committee (LIWMPC)? 

It would be possible for the Actuaries Institute to set itself a range of objectives 
in this area.  At the most active end of the possible range, the Institute (or the 
LIWMPC) could set an objective of developing a suitable asset model for use in 
preparing suitable stochastically based calculations of future investment 
returns.  There could be a range of obstacles to such an objective including: 

• Concerns about liability 

• Regulatory issues  
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• Conflicts with the commercial objectives of individual actuaries and their 
firms 

• Resourcing issues – who would update or maintain the model 

If these obstacles can be overcome, the author sees a significant public benefit 
in steering the financial advice industry into a desirable direction. 

Alternatively the Institute could engage with ASIC to discuss ways in which 
stochastic models could be utilised in financial planning.  Perhaps ASIC’s 
existing “MoneySmart” projection tool could be expanded to incorporate a 
standard deviation assumption into the investment returns and convert the 
projection outputs into a stochastic framework, and/or a simple default set of 
mean/variance assumptions developed for some of the commonest asset 
classes. 

8.5 Asset consultants 

The model used to simulate investment returns in this paper is a very simple one.  
As noted in Section 4, a wide variety of asset models has been suggested in the 
literature, and there is plenty of scope for significant expertise to be applied to 
the following tasks: 

• Choosing the preferable models for investor decision making in the 
Australian investment environment 

• Applying judgment to parameterising the models (for example, to avoid 
“corner solutions”)  

• Validating the results 

• Maintaining and updating the models from time to time 

Some models have been published for the Australian environment, for example 
see Grenfell (2013) and similar earlier papers.  It is likely that consulting firms 
have also developed proprietary models for their own use but not published 
the results.   

Detailed knowledge of asset returns and the relationships between them will be 
critical to the development of stochastic asset models for use in the context of 
individual retirement income planning.  Therefore asset consultants are likely to 
be commissioned by dealer groups to “take the lead” in the development of 
models for use by financial planners. 

8.6 Software vendors 

Once suitable asset models have been developed, they will need to be 
incorporated into projection software.  This will require resources with technical 
IT skills in the relevant systems environment.  Software could be purchased from 
external vendors or built in-house by the dealer groups. 
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8.7 Trustees of superannuation funds 

Most of the discussion in this paper has focussed on the retail advice 
environment.  In certain respects that is the preferable environment for 
stochastic asset models to be applied because the client interview allows the 
retail adviser to collect the client’s demographic details, income, assets, 
liabilities and financial objectives.  Routinely a member of a public 
superannuation scheme does not provide anything like the same volume of 
information to his or her employer or superannuation scheme trustees, although 
the Financial System Inquiry (2014) has recently recommended that funds be 
permitted to access aggregate superannuation data for each member: 

“Superannuation funds can only provide a partial perspective of retirement 
incomes for members who have multiple accounts and wealth accumulated 
outside of superannuation. Online calculators enable individuals to enter all 
their information — superannuation fund and asset balances—to obtain a more 
accurate retirement income projection, including any income from the Age 
Pension. The Australian Taxation Office (ATO), which holds consolidated 
superannuation information across multiple accounts, could provide that 
information for use in calculators, which could initially be accessed from the 
ATO's myGov superannuation portal. This would assist funds to design 
calculators that provide retirement income projections based on the 
comprehensive income product for retirement they offer members.” 

There are many individuals who are reluctant to obtain personal financial 
advice, for a whole range of reasons.  A 2011-12 survey of over 2200 people 
aged 40 to 74 found that only 18.5% reported that they “currently consult a 
financial professional” where a “financial professional” was defined as 
“somebody who provides personal financial advice on a professional basis, 
most commonly a financial planner or financial adviser” (National Seniors 
Productive Ageing Centre, 2013).  

 Trustees of public superannuation funds may consider whether there is 
anything that they can do to help their members to arrive at suitable asset 
allocation decisions.  In particular, some funds are likely to offer their members 
software of various and increasing degrees of sophistication that will support 
them as those members consider their planning options, particularly if the 
Financial System Inquiry’s Recommendation 37 is accepted so that data that 
the funds can access on members presents a more comprehensive picture of 
each member’s available superannuation balances. 

So a question for superannuation fund trustees is, “how can we assist our 
members to become more engaged with their superannuation and to make 
better decisions about contributions and asset allocation?” 

9 Critiques of the “probability approach”, and a way ahead 

While this paper was being drafted, Pfau and Cooper (2014) wrote a paper in 
which they characterised two diametrically opposed philosophies of retirement 
income planning, which they termed the “probability based” and the “safety 
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first” approaches.  The features of the two approaches are summarised and 
contrasted in Table 2 (p 5) of their paper: 
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 Probability Based Safety First 

Intellectual 
foundations  

Safe Withdrawal Rates (1990s–
present)  

Lifecycle Finance Theory (1920s–
present)  

How are goals 
prioritised?  

 

Retirees have a particular 
lifestyle goal in mind and not 
meeting that overall goal 
indicates failure. Lifestyle goals 
are not prioritised between 
essentials and discretionary.  

Goals are prioritised.  For 
instance, Modern Retirement 
Theory’s funding hierarchy is: (1) 
basic needs, (2) contingency 
fund, (3) discretionary expenses, 
(4) legacy goals. 

What is the safe 
withdrawal rate 
from a diversified 
portfolio of 
volatile assets?  

The US historical record 
suggests that we can 
reasonably expect that 4% or 
4.5% is about as bad as it gets, 
though results vary by country.  

Unknown and unknowable. Risky 
assets are inherently risky; just 
because something would have 
worked in our limited historical 
record does not make it safe. 

What is the 
investment 
approach?  

Usually a total returns 
perspective framed in the 
same terms as pre-retirement 
accumulation using tools of 
Modern Portfolio Theory (i.e. 
portfolio diversification). The 
focus is wealth management 
for the financial portfolio.  

Asset-liability matching. Assets are 
matched to goals so that risk 
levels are comparable. Assets 
used for matching include 
human and social capital, not 
just financial assets. Lifetime 
spending potential over an 
uncertain horizon is the focus, not 
maximising wealth. Product 
allocation indicates a wider role 
for hedging interest rate risk and 
seeking longevity insurance.  

What is the role of 
traditional lifetime 
annuities?  

Could have limited uses, but 
generally returns too low for 
any marginal increase in safety 
over a ‘safe’ withdrawal rate. 
Annuitising basic needs could 
lower the chances of being 
able to fully achieve lifestyle 
spending goals.  

Along with bond ladders, 
annuities provide one of the 
fundamental tools for building an 
income floor to ensure that basic 
needs are met.  

What is the role of 
an account-
based pension?  

 

The account-based pension is 
all that is needed to deliver a 
solution that will probably work. 
They are flexible enough to 
make whatever adjustments 
are required.  

The account-based pension can 
be utilised after the safety 
requirements have been met to 
deliver aspirational/discretionary 
spending.  

The present paper falls squarely within the ambit of the “probability based” 
approach but the implied criticisms levied by Pfau and Cooper of the 
probability-based approach should be considered.   

Firstly, in the present paper, for simplicity only a single “target retirement 
income” has been considered for each age/salary/superannuation 
balance/target retirement income combination.  It is true that within a utility 
maximising framework, the concept that receipt of target income has a utility 
of unity and less than that has zero utility is an unreasonably simplified 
framework.  Surely the great majority of retirees can derive some, though 
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reduced, utility if their income were reduced somewhat by comparison with the 
“target”, and greater utility, though no doubt consistent with the law of 
diminishing marginal utility if their expenditure exceeded the target.  In that 
context, the present paper presents results in a particular simplified case.  How 
best to determine the client’s utility of different expenditure levels and 
incorporate the identified utility into financial advice would need to be 
addressed in an ideal stochastic framework.  Such a framework could also 
incorporate utility from leaving a legacy to heirs as a component of the overall 
utility function to be maximised. 

It may be acknowledged that a weakness of the present paper is that it simply 
sets a fixed target income and takes a simple “success/failure” approach to 
assessment of outcomes without allowing for the possibility of more complex 
adaptation to circumstances (such as increase or reduction of discretionary 
expenditure as a function of asset performance).  But surely the “safety first” 
approach inappropriately restricts choice if it insists that so-called “basic needs” 
have to be met with certainty regardless of how much damage the necessary 
asset allocation does (say) to the client’s discretionary expenditure goals or 
legacy goals.  These trade-offs should be permitted to be the subject of 
personal choice.  The most obvious way to assist with this process is the use of 
stochastic asset methods.  For example, Condon and Cornwell (2008) use 
stochastic methods to compare strategies such as a long term investment 
strategy in volatile securities with minimal fixed interest securities, with options 
which may produce a lower mean benefit but with downside protection, 
including “using insurance with embedded guarantees”. 

A second feature that an expanded framework should consider that is not 
addressed in the present paper is the issue of an optimal drawdown rule.  Whilst 
it is true that there is a risk that assets will completely expire if the target income 
is fixed in real terms regardless of investment outcomes, for example under the 
“4% drawdown rule” whereby the retiree computes 4% of his or her asset 
balance at retirement and spends 4% of that dollar amount, indexed each 
year to a price index, more sophisticated drawdown rules are available where 
the income drawn is a function of previous investment experience.  Favourable 
investment experience leads to higher drawdown and the converse applies to 
unfavourable investment experience.  Pfau and Cooper cite papers by Guyton 
and Klinger (1996) and Frank et al (2011, 2012a, 2012b) that adopt such an 
approach and it seems intuitively obvious that such rules are likely to increase 
utility relative to fixed approaches.  There is room for further work to address the 
question of what drawdown rules maximise retiree utility, depending on the 
shape of the utility function. 

Other issues that could be addressed by further work are the following: 

(a) How do the optimal asset allocations vary if reasonable alternative 
asset modelling assumptions are adopted? 

(b) How should alternative consumption patterns in the different phases of 
retirement (active, passive, impaired) be built into retirement planning? 
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(c) What risks other than longevity and asset returns should be modelled?  
(For example, inflation?  Health?  Aged care needs? Legislative risk, 
especially in respect of potential changes to taxation?) 

(d) How (if at all) can potential changes in future age pension 
entitlements be built into retirement planning projections? 

(e) The economists’ technical answer to how retirement planning can 
maximise well-being under uncertainty involves the use of the concept 
of utility but the discussion of utility in Basu (2008) suggests that there 
will be challenges in reliably identifying investors’ utility functions.  

10 Conclusions 

This paper considers, and is critical of, the manner in which retail advice clients 
are often mapped to an asset allocation using risk profile questionnaires.   

Apart from some specific criticisms of individual questions in risk profile 
questionnaires, the more general critique is that at best the questionnaires 
reveal the asset allocation in which the client may be comfortable to invest, 
not the allocation which has the best chance of meeting their target retirement 
income objective.   

In particular, the results of stochastic modelling show that the optimal asset 
allocation to meet a specified level of target retirement income depends 
upon: 

1. The age of the client; 

2. The client’s salary; 

3. The client’s superannuation balance; and 

4. The client’s target retirement income. 

Of these four key variables, only one (age) is likely to be incorporated into the 
client’s risk profile via a typical questionnaire (and even then, perhaps not in 
the most appropriate manner), yet all four variables are shown in this paper to 
be materially relevant to the optimal asset allocation. 

By comparison, if a Statement of Advice incorporates stochastic asset 
projections, the client can be provided with important information that may 
place them in a better position to make a suitable judgment as to how to invest 
their superannuation assets in both the accumulation and drawdown phases. 

If this conclusion is accepted, then there will be opportunities for many 
stakeholders to “take the lead” in providing services which will result in a higher 
standard of financial advice and better client decisions. 
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Appendix 1 Questions for Financial Planners: Risk Profile Questionnaires 

 

Completed by: 
 _______________________________________________________ 

 

Firm:  
 _______________________________________________________ 

 

Date:        
   
 _______________________________________________________ 

  

1) What method do you use for determining the risk profile of your clients? 
a) Risk profile questionnaire 
b) Risk tolerance line method 
c) Life cycle approach 
d) Sensitivity analysis approach 
e) Other (please describe) 

Comment:  _______________________________________________________________ 

 

2) Would the answer to Q1 be the same for other advisers in your firm? 
a) Yes 
b) No (please comment) 

Comment:  _______________________________________________________________ 

 

3) To what proportion of your clients do you apply the method mentioned in 
Q1? 
a) All 
b) Nearly all 
c) Most 
d) Some 

Comment:  _______________________________________________________________ 
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4) If you use a Risk Profile Questionnaire, how many questions are contained in 
the questionnaire: 
a) 1 to 5 
b) 6 to 10 
c) 11 to 15 
d) 16 to 20 
e) 21 to 25 
f) More than 25 

 

5) In your experience, to what extent do your clients have the understanding 
and expertise necessary to provide reliable responses to the Risk Profile 
Questionnaire/ 
a) All clients understand all questions and are well equipped to provide 

meaningful responses 
b) Most clients understand most or all questions and are well equipped to 

provide meaningful responses 
c) Many clients understand most or all questions and are well equipped to 

provide meaningful responses but some clients struggle to understand 
some questions and may give misleading responses 

d) Most clients either don’t understand the questions, or are not equipped 
to provide responses that are likely to produce worthwhile information 
about their investment preferences 

Comment:  _______________________________________________________________ 

 

6) Do the results of the Risk Profile Questionnaire map a client to an asset 
allocation? 
a) Yes 
b) No (please comment) 

Comment:  _______________________________________________________________ 

 

7) How frequently do you form a view that the asset allocation resulting from 
the risk profile questionnaire is not the one that will be optimal for the client 
taking into account their income, assets, personal circumstances and 
investment objectives? 
a) This never happens in practice 
b) Rarely 
c) Sometimes 
d) Reasonably often 
e) Frequently 

Comment:  _______________________________________________________________ 
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8) What do you do if the client’s risk profile seems to you to be sub-optimal in 
achieving their investment/retirement goals? 
a) Stick closely to the asset allocation that flows from the risk profile, 

otherwise we are exposing ourselves to potential liability suits for 
inappropriate advice 

b) Discuss the situation with the client and attempt to persuade them to 
adopt an allocation other than the allocation that flows from the RP 
Questionnaire but try to stay within one risk band of the one that was 
produced by the risk profile questionnaire 

c) Ignore the risk profile – provided that the client is prepared to sign a 
statement confirming the asset allocation that we discuss and agree on, 
it doesn’t matter what the Risk Profile Questionnaire said 

Comment:  _______________________________________________________________ 

 

9) How you do you decide, from your own perspective as an adviser, what 
asset allocation would be suitable for the client? 
a) Demographic circumstances, e.g. young clients should not adopt a 

conservative asset allocation 
b) Our firm has guidelines (please explain) 
c) We automatically stick with the asset allocation from the risk profile 

questionnaire so what I think isn’t relevant 
d) If the client agrees with the risk profile that emerges from the 

questionnaire and accepts any disadvantages that we explain follow 
from that choice, it is up to the client. 

Comment:  _______________________________________________________________
  

10) In your Statements of Advice (SOAs), in the main projection of the client’s 
future asset balances, is the projection considered by your firm to be a 
“central estimate” of the future development of asset balances or are the 
projection assumptions intended to be slightly conservative to reduce the 
probability that in practice future investment returns will under-perform your 
selected assumptions? 
a) Central estimate 
b) They are a little conservative 

Comment:  _______________________________________________________________ 
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11) If the main projection result is intended to be a little conservative, how is the 
degree of conservatism communicated to the client? 
a) Through a qualitative statement in the text of the SOA that future returns 

are not guaranteed and may turn out to be different than illustrated 
b) Through verbal communications to the client that suggest that the main 

projections “should be achievable most of the time” (or similar) 
c) Through a quantitative statement in the SOA about the probability that 

the projections can be achieved 

Comment:  _______________________________________________________________ 

 

12) In your Statements of Advice (SOAs), in your projections of future asset 
balances, how often do you show alternative projections in addition to the 
main estimates to reflect more or less favourable potential outcomes than 
your central estimates? 
a) All the time 
b) Mostly 
c) Only infrequently (if requested) 
d) Never 

Comment:  _______________________________________________________________ 

 

13) Where your SOAs include alternative projections reflecting more or less 
favourable potential outcomes than your main estimates, how are those 
alternatives determined and characterised? 
a) Optimistic and Pessimistic (or similar) without quantification 
b) They are characterized in quantitative terms (percentile or similar) but 

the alternatives are not themselves derived from a stochastic model 
c) The alternative projections show probability lines that are determined 

from stochastic models 
d) Other (please comment) 

Comment:  _______________________________________________________________ 
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14) What obstacles do you see to more extensive use of stochastic asset models 
to produce quantitative statements of probability of certain outcomes, as a 
means of advising clients on questions such as whether they have “enough” 
to retire on, or what asset allocation to adopt? 
a) I don’t believe stochastic asset models are useful (please comment) 
b) I don’t believe that stochastic asset models are available 
c) Different stochastic asset models produce different results so how can   

we advise the clients based on one model when another might produce 
a different answer and we don’t know which one is right? 

d) Clients find it hard enough to comprehend the detail of SOAs already 
and will have trouble understanding probability statements – they want 
certainty not “this or that might happen”  

Comment:  _______________________________________________________________ 

 

15) Do you think it is likely that you (or your firm) will make greater use of 
stochastic asset models in future for advising retail clients? 
a) Yes 
b) No 

Comment:  _______________________________________________________________ 

 

16) Which method do you see as being the better basis of advice to your clients 
about the asset allocation: the asset allocation derived from a risk profile 
questionnaire, or an allocation obtained from a stochastic asset model as 
being the most likely to meet their stated objectives? 
a) Risk profile questionnaire – regardless of the technical merits of 

alternative asset allocations, the client needs to invest in a manner that 
he or she feels comfortable with 

b) Risk profile questionnaire – this is mandated by law 
c) Risk profile questionnaire - might not be technically better but it is 

quicker, easier and/or cheaper 
d) Risk profile questionnaire – for some other reason (please comment) 
e) Stochastic asset analysis  - but only if we had the models and tools  
f) Stochastic asset analysis – but we are not doing this (please comment) 
g) Stochastic asset analysis – we are already doing this 

Comment:  _______________________________________________________________ 
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Appendix 2: Output from Monte Carlo simulations 

Table A2.1 

	  	   	  	   Age	  25	  
Salary	  $60,000	  

"Low"	  Superannuation	  Balance	  ($30,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  35,779	  	   	  35,885	  	   	  34,629	  	   	  33,248	  	   	  29,783	  	  
0.05	   	  36,809	  	   	  38,384	  	   	  38,114	  	   	  37,629	  	   	  36,317	  	  
0.15	   	  38,053	  	   	  40,699	  	   	  41,656	  	   	  42,234	  	   	  44,470	  	  
0.33	   	  39,036	  	   	  43,362	  	   	  45,886	  	   	  48,376	  	   	  58,395	  	  
0.67	   	  40,668	  	   	  47,761	  	   	  53,660	  	   	  60,781	  	   	  104,352	  	  
0.85	   	  41,890	  	   	  51,526	  	   	  61,050	  	   	  75,011	  	   	  171,675	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  91.3	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  78.3	  	   	  78.1	  	   	  76.4	  	   	  74.6	  	   	  71.4	  	  
0.05	   	  79.8	  	   	  81.4	  	   	  81.1	  	   	  80.3	  	   	  78.5	  	  
0.15	   	  81.2	  	   	  85.0	  	   	  86.5	  	   	  87.4	  	   	  91.2	  	  
0.33	   	  82.7	  	   	  89.3	  	   	  93.6	  	   	  97.9	  	   	  100.0	  	  
0.67	   	  85.0	  	   	  96.7	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  86.7	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.2 

	  	   	  	   Age	  25	  
Salary	  $60,000	  

"High"	  Superannuation	  Balance	  ($60,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  37,423	  	   	  37,790	  	   	  36,382	  	   	  34,901	  	   	  30,981	  	  
0.05	   	  38,771	  	   	  40,578	  	   	  40,450	  	   	  39,899	  	   	  38,672	  	  
0.15	   	  40,132	  	   	  43,358	  	   	  44,547	  	   	  45,376	  	   	  48,257	  	  
0.33	   	  41,233	  	   	  46,497	  	   	  49,624	  	   	  52,785	  	   	  65,707	  	  
0.67	   	  43,094	  	   	  51,870	  	   	  59,481	  	   	  69,360	  	   	  129,857	  	  
0.85	   	  44,524	  	   	  56,447	  	   	  69,387	  	   	  89,868	  	   	  182,965	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  96.0	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  81.3	  	   	  81.2	  	   	  79.4	  	   	  77.1	  	   	  72.6	  	  
0.05	   	  82.9	  	   	  85.1	  	   	  84.8	  	   	  83.9	  	   	  81.9	  	  
0.15	   	  84.5	  	   	  89.3	  	   	  91.2	  	   	  92.6	  	   	  98.4	  	  
0.33	   	  86.3	  	   	  94.4	  	   	  99.9	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  88.9	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  91.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.3 

	  	   	  	   Age	  25	  
Salary	  $150,000	  

"Low"	  Superannuation	  Balance	  ($75,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  52,365	  	   	  52,487	  	   	  50,018	  	   	  46,829	  	   	  40,613	  	  
0.05	   	  54,931	  	   	  58,204	  	   	  58,126	  	   	  56,851	  	   	  54,779	  	  
0.15	   	  57,141	  	   	  64,400	  	   	  67,320	  	   	  69,415	  	   	  76,953	  	  
0.33	   	  59,748	  	   	  72,217	  	   	  80,458	  	   	  88,911	  	   	  123,805	  	  
0.67	   	  63,902	  	   	  86,827	  	   	  108,529	  	   	  134,472	  	   	  259,332	  	  
0.85	   	  67,188	  	   	  100,432	  	   	  136,169	  	   	  182,920	  	   	  291,000	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  79.2	  	   	  79.0	  	   	  77.6	  	   	  76.1	  	   	  72.6	  	  
0.05	   	  80.5	  	   	  82.1	  	   	  81.9	  	   	  81.2	  	   	  79.7	  	  
0.15	   	  81.8	  	   	  85.6	  	   	  87.2	  	   	  88.5	  	   	  93.4	  	  
0.33	   	  83.2	  	   	  90.2	  	   	  96.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  85.4	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  87.3	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  73.1	  	   	  73.0	  	   	  72.2	  	   	  71.3	  	   	  69.8	  	  
0.05	   	  73.8	  	   	  74.5	  	   	  74.3	  	   	  74.0	  	   	  73.2	  	  
0.15	   	  74.4	  	   	  76.1	  	   	  76.8	  	   	  77.3	  	   	  79.3	  	  
0.33	   	  75.2	  	   	  78.4	  	   	  80.6	  	   	  83.2	  	   	  98.5	  	  
0.67	   	  76.3	  	   	  82.8	  	   	  90.3	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  77.2	  	   	  87.2	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.4 

	  	   	  	   Age	  25	  
Salary	  $150,000	  

"High"	  Superannuation	  Balance	  ($150,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  56,367	  	   	  56,958	  	   	  54,051	  	   	  50,207	  	   	  43,248	  	  
0.05	   	  59,583	  	   	  64,194	  	   	  64,002	  	   	  62,716	  	   	  59,997	  	  
0.15	   	  62,572	  	   	  72,240	  	   	  76,141	  	   	  78,959	  	   	  89,336	  	  
0.33	   	  65,934	  	   	  82,444	  	   	  93,534	  	   	  104,494	  	   	  148,935	  	  
0.67	   	  71,343	  	   	  101,953	  	   	  130,058	  	   	  163,198	  	   	  325,303	  	  
0.85	   	  75,366	  	   	  119,437	  	   	  164,515	  	   	  225,617	  	   	  340,740	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  81.8	  	   	  81.7	  	   	  80.2	  	   	  78.4	  	   	  74.0	  	  
0.05	   	  83.4	  	   	  85.6	  	   	  85.4	  	   	  84.7	  	   	  82.9	  	  
0.15	   	  85.0	  	   	  90.3	  	   	  92.8	  	   	  94.7	  	   	  100.0	  	  
0.33	   	  86.8	  	   	  97.1	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  89.8	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  92.3	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  74.3	  	   	  74.2	  	   	  73.3	  	   	  72.4	  	   	  70.4	  	  
0.05	   	  75.2	  	   	  76.3	  	   	  76.1	  	   	  75.7	  	   	  74.7	  	  
0.15	   	  76.1	  	   	  78.5	  	   	  79.5	  	   	  80.3	  	   	  83.4	  	  
0.33	   	  77.1	  	   	  81.5	  	   	  84.8	  	   	  88.8	  	   	  100.0	  	  
0.67	   	  78.6	  	   	  87.9	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  79.7	  	   	  95.2	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

 

 

 

  



A stochastic approach to retirement income planning 

65 / 72 

 

Table A2.5 

	  	   	  	   Age	  45	  
Salary	  $60,000	  

"Low"	  Superannuation	  Balance	  ($150,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  34,402	  	   	  33,621	  	   	  32,461	  	   	  30,971	  	   	  27,857	  	  
0.05	   	  34,967	  	   	  35,483	  	   	  35,101	  	   	  34,219	  	   	  31,960	  	  
0.15	   	  36,066	  	   	  37,471	  	   	  37,713	  	   	  37,713	  	   	  37,827	  	  
0.33	   	  36,886	  	   	  39,562	  	   	  40,771	  	   	  41,887	  	   	  45,481	  	  
0.67	   	  38,323	  	   	  42,775	  	   	  46,013	  	   	  49,553	  	   	  64,844	  	  
0.85	   	  39,173	  	   	  45,400	  	   	  50,538	  	   	  56,888	  	   	  93,660	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  98.6	  	   	  82.0	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  75.7	  	   	  74.7	  	   	  73.3	  	   	  72.0	  	   	  69.4	  	  
0.05	   	  76.8	  	   	  77.1	  	   	  76.2	  	   	  75.2	  	   	  72.8	  	  
0.15	   	  78.0	  	   	  79.6	  	   	  79.9	  	   	  79.9	  	   	  79.7	  	  
0.33	   	  79.1	  	   	  82.7	  	   	  84.6	  	   	  86.3	  	   	  93.0	  	  
0.67	   	  80.9	  	   	  88.0	  	   	  93.8	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  82.3	  	   	  92.5	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.6 

	  	   	  	   Age	  45	  
Salary	  $60,000	  

"High"	  Superannuation	  Balance	  ($300,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  40,226	  	   	  39,742	  	   	  38,301	  	   	  36,332	  	   	  31,556	  	  
0.05	   	  41,718	  	   	  42,547	  	   	  41,838	  	   	  40,710	  	   	  37,705	  	  
0.15	   	  43,192	  	   	  45,340	  	   	  45,804	  	   	  45,855	  	   	  46,101	  	  
0.33	   	  44,343	  	   	  48,552	  	   	  50,638	  	   	  52,518	  	   	  59,302	  	  
0.67	   	  46,397	  	   	  53,946	  	   	  59,953	  	   	  66,886	  	   	  101,457	  	  
0.85	   	  47,980	  	   	  58,559	  	   	  68,925	  	   	  83,298	  	   	  160,875	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  86.0	  	   	  84.6	  	   	  81.7	  	   	  79.2	  	   	  72.9	  	  
0.05	   	  87.6	  	   	  88.4	  	   	  87.3	  	   	  85.5	  	   	  80.9	  	  
0.15	   	  89.3	  	   	  92.6	  	   	  93.4	  	   	  93.5	  	   	  94.1	  	  
0.33	   	  91.1	  	   	  97.8	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  94.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  96.2	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.7 

	  	   	  	   Age	  45	  
Salary	  $150,000	  

"Low"	  Superannuation	  Balance	  ($375,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  49,067	  	   	  48,452	  	   	  45,702	  	   	  43,193	  	   	  37,212	  	  
0.05	   	  50,828	  	   	  51,826	  	   	  50,889	  	   	  49,451	  	   	  45,479	  	  
0.15	   	  52,482	  	   	  56,150	  	   	  56,911	  	   	  57,197	  	   	  58,270	  	  
0.33	   	  54,491	  	   	  61,137	  	   	  64,803	  	   	  68,151	  	   	  80,126	  	  
0.67	   	  57,589	  	   	  70,381	  	   	  81,191	  	   	  93,900	  	   	  149,169	  	  
0.85	   	  59,978	  	   	  78,576	  	   	  97,655	  	   	  121,663	  	   	  231,739	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  77.1	  	   	  76.1	  	   	  74.6	  	   	  73.2	  	   	  70.6	  	  
0.05	   	  78.1	  	   	  78.3	  	   	  77.6	  	   	  76.6	  	   	  74.3	  	  
0.15	   	  79.1	  	   	  80.6	  	   	  81.0	  	   	  81.0	  	   	  81.0	  	  
0.33	   	  80.1	  	   	  83.4	  	   	  85.4	  	   	  87.4	  	   	  96.4	  	  
0.67	   	  81.7	  	   	  89.0	  	   	  96.7	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  83.0	  	   	  94.6	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  72.0	  	   	  71.4	  	   	  70.8	  	   	  70.1	  	   	  68.5	  	  
0.05	   	  72.3	  	   	  72.5	  	   	  72.2	  	   	  71.7	  	   	  70.5	  	  
0.15	   	  73.0	  	   	  73.7	  	   	  73.8	  	   	  73.8	  	   	  73.8	  	  
0.33	   	  73.5	  	   	  75.1	  	   	  75.9	  	   	  76.7	  	   	  79.8	  	  
0.67	   	  74.4	  	   	  77.6	  	   	  80.6	  	   	  84.6	  	   	  100.0	  	  
0.85	   	  75.0	  	   	  80.0	  	   	  85.9	  	   	  97.3	  	   	  100.0	  	  
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Table A2.8 

	  	   	  	   Age	  45	  
Salary	  $150,000	  

"High"	  Superannuation	  Balance	  ($750,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  64,559	  	   	  62,751	  	   	  58,458	  	   	  53,490	  	   	  43,651	  	  
0.05	   	  68,056	  	   	  70,346	  	   	  68,039	  	   	  65,131	  	   	  58,363	  	  
0.15	   	  71,775	  	   	  78,860	  	   	  80,369	  	   	  80,771	  	   	  82,474	  	  
0.33	   	  75,887	  	   	  89,598	  	   	  97,090	  	   	  104,007	  	   	  126,922	  	  
0.67	   	  82,363	  	   	  110,003	  	   	  132,359	  	   	  156,156	  	   	  252,555	  	  
0.85	   	  87,267	  	   	  127,478	  	   	  163,353	  	   	  205,704	  	   	  386,780	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  86.3	  	   	  85.0	  	   	  82.5	  	   	  79.8	  	   	  74.4	  	  
0.05	   	  88.2	  	   	  89.2	  	   	  87.8	  	   	  86.2	  	   	  82.0	  	  
0.15	   	  90.2	  	   	  94.5	  	   	  95.7	  	   	  96.1	  	   	  97.9	  	  
0.33	   	  92.5	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  96.6	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  76.9	  	   	  76.0	  	   	  74.7	  	   	  73.3	  	   	  70.6	  	  
0.05	   	  77.9	  	   	  78.1	  	   	  77.4	  	   	  76.4	  	   	  74.2	  	  
0.15	   	  78.9	  	   	  80.5	  	   	  80.8	  	   	  80.9	  	   	  80.9	  	  
0.33	   	  80.0	  	   	  83.8	  	   	  86.2	  	   	  88.6	  	   	  100.0	  	  
0.67	   	  81.9	  	   	  91.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  83.5	  	   	  99.3	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.9 

	  	   	  	   Age	  65	  
Salary	  $60,000	  

"Low"	  Superannuation	  Balance	  ($270,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  32,856	  	   	  32,119	  	   	  31,171	  	   	  30,099	  	   	  27,475	  	  
0.05	   	  33,911	  	   	  33,431	  	   	  32,842	  	   	  31,968	  	   	  30,173	  	  
0.15	   	  34,345	  	   	  34,672	  	   	  34,367	  	   	  33,977	  	   	  33,126	  	  
0.33	   	  34,857	  	   	  35,573	  	   	  35,787	  	   	  35,899	  	   	  36,229	  	  
0.67	   	  35,858	  	   	  37,060	  	   	  37,710	  	   	  38,443	  	   	  40,506	  	  
0.85	   	  36,537	  	   	  38,050	  	   	  39,133	  	   	  40,329	  	   	  43,773	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  98.3	  	   	  92.7	  	   	  84.1	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  92.8	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  74.1	  	   	  73.7	  	   	  73.1	  	   	  72.4	  	   	  71.2	  	  
0.05	   	  74.7	  	   	  74.3	  	   	  74.0	  	   	  73.4	  	   	  72.4	  	  
0.15	   	  75.1	  	   	  75.1	  	   	  74.8	  	   	  74.5	  	   	  73.8	  	  
0.33	   	  75.5	  	   	  75.7	  	   	  75.8	  	   	  75.8	  	   	  75.8	  	  
0.67	   	  76.2	  	   	  77.0	  	   	  77.6	  	   	  78.2	  	   	  80.6	  	  
0.85	   	  76.7	  	   	  78.0	  	   	  79.2	  	   	  80.7	  	   	  87.5	  	  
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Table A2.10 

	  	   	  	   Age	  65	  
Salary	  $60,000	  

"High"	  Superannuation	  Balance	  ($540,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  40,878	  	   	  39,893	  	   	  38,100	  	   	  36,066	  	   	  31,620	  	  
0.05	   	  41,797	  	   	  41,566	  	   	  40,450	  	   	  39,326	  	   	  36,235	  	  
0.15	   	  42,825	  	   	  43,161	  	   	  42,883	  	   	  42,459	  	   	  41,337	  	  
0.33	   	  43,602	  	   	  44,819	  	   	  45,223	  	   	  45,485	  	   	  46,305	  	  
0.67	   	  45,064	  	   	  47,255	  	   	  48,780	  	   	  50,124	  	   	  54,615	  	  
0.85	   	  45,900	  	   	  49,145	  	   	  51,511	  	   	  53,998	  	   	  61,760	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  98.3	  	  
0.05	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.15	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.33	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.67	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  87.0	  	   	  85.2	  	   	  83.4	  	   	  81.6	  	   	  77.5	  	  
0.05	   	  88.0	  	   	  87.2	  	   	  86.1	  	   	  84.7	  	   	  81.5	  	  
0.15	   	  89.1	  	   	  89.3	  	   	  88.9	  	   	  88.1	  	   	  86.3	  	  
0.33	   	  90.2	  	   	  91.8	  	   	  92.5	  	   	  92.8	  	   	  94.6	  	  
0.67	   	  91.8	  	   	  95.9	  	   	  99.2	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  93.1	  	   	  99.8	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
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Table A2.11 

	  	   	  	   Age	  65	  
Salary	  $150,000	  

"Low"	  Superannuation	  Balance	  ($675,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  44,799	  	   	  42,858	  	   	  40,938	  	   	  38,715	  	   	  33,491	  	  
0.05	   	  45,494	  	   	  45,048	  	   	  44,106	  	   	  42,428	  	   	  38,910	  	  
0.15	   	  46,890	  	   	  47,099	  	   	  46,915	  	   	  46,353	  	   	  45,098	  	  
0.33	   	  47,740	  	   	  49,180	  	   	  49,695	  	   	  49,997	  	   	  51,167	  	  
0.67	   	  49,406	  	   	  52,215	  	   	  54,104	  	   	  55,867	  	   	  61,900	  	  
0.85	   	  50,464	  	   	  54,536	  	   	  57,658	  	   	  60,736	  	   	  71,551	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  74.2	  	   	  73.9	  	   	  73.2	  	   	  72.6	  	   	  71.2	  	  
0.05	   	  75.0	  	   	  74.4	  	   	  74.1	  	   	  73.5	  	   	  72.5	  	  
0.15	   	  75.2	  	   	  75.2	  	   	  74.9	  	   	  74.6	  	   	  74.0	  	  
0.33	   	  75.6	  	   	  75.9	  	   	  75.9	  	   	  75.9	  	   	  76.0	  	  
0.67	   	  76.4	  	   	  77.1	  	   	  77.7	  	   	  78.4	  	   	  80.8	  	  
0.85	   	  76.8	  	   	  78.1	  	   	  79.4	  	   	  80.8	  	   	  87.9	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  70.4	  	   	  70.1	  	   	  70.0	  	   	  69.7	  	   	  69.1	  	  
0.05	   	  71.0	  	   	  70.5	  	   	  70.3	  	   	  70.2	  	   	  69.7	  	  
0.15	   	  71.1	  	   	  71.1	  	   	  70.9	  	   	  70.7	  	   	  70.4	  	  
0.33	   	  71.3	  	   	  71.4	  	   	  71.4	  	   	  71.4	  	   	  71.4	  	  
0.67	   	  71.7	  	   	  71.9	  	   	  72.1	  	   	  72.4	  	   	  73.1	  	  
0.85	   	  71.9	  	   	  72.5	  	   	  72.8	  	   	  73.2	  	   	  74.9	  	  
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Table A2.12 

	  	   	  	   Age	  65	  
Salary	  $150,000	  

"High"	  Superannuation	  Balance	  ($1,350,000)	  	  

	  	  
Failure	  
prob.	   Cash	  	   Cap.	  stable	  	   Cons.	  Growth	  	   Balanced	  	   Aust.	  Shares	  	  

Sustainable	  
Retirement	  
Income	  

0.01	   	  64,679	  	   	  61,620	  	   	  57,348	  	   	  53,004	  	   	  43,488	  	  
0.05	   	  67,215	  	   	  65,783	  	   	  63,353	  	   	  60,445	  	   	  53,493	  	  
0.15	   	  69,414	  	   	  70,320	  	   	  69,610	  	   	  68,336	  	   	  65,708	  	  
0.33	   	  72,089	  	   	  75,501	  	   	  76,648	  	   	  77,231	  	   	  79,906	  	  
0.67	   	  75,829	  	   	  83,173	  	   	  88,257	  	   	  93,484	  	   	  110,651	  	  
0.85	   	  78,582	  	   	  89,850	  	   	  98,968	  	   	  108,311	  	   	  137,539	  	  

Age	  at	  which	  
target	  income	  
of	  50%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  86.7	  	   	  84.9	  	   	  83.2	  	   	  81.5	  	   	  77.7	  	  
0.05	   	  87.9	  	   	  87.1	  	   	  85.8	  	   	  84.4	  	   	  81.5	  	  
0.15	   	  89.0	  	   	  89.3	  	   	  88.7	  	   	  87.8	  	   	  86.1	  	  
0.33	   	  90.4	  	   	  92.3	  	   	  93.1	  	   	  93.6	  	   	  95.9	  	  
0.67	   	  92.5	  	   	  98.1	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  
0.85	   	  94.1	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	   	  100.0	  	  

Age	  at	  which	  
target	  income	  
of	  75%	  of	  
salary	  target	  
income	  
expires	  

0.01	   	  77.1	  	   	  76.1	  	   	  75.2	  	   	  74.3	  	   	  72.5	  	  
0.05	   	  77.6	  	   	  77.1	  	   	  76.4	  	   	  75.8	  	   	  74.2	  	  
0.15	   	  78.3	  	   	  78.1	  	   	  77.8	  	   	  77.3	  	   	  76.3	  	  
0.33	   	  78.9	  	   	  79.4	  	   	  79.5	  	   	  79.5	  	   	  79.7	  	  
0.67	   	  79.9	  	   	  81.6	  	   	  82.9	  	   	  84.2	  	   	  90.9	  	  
0.85	   	  80.7	  	   	  83.5	  	   	  86.1	  	   	  89.8	  	   	  100.0	  	  

 

 

 

 


