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Abstract

Australians have three principal sources for retirement funding - the Age Pension,
individual superannuation and individual savings outside of the superannuation
umbrella. The Age Pension, a non-contributory payment that, alone, provides only for a
modest lifestyle, is means tested for both assets and income, with the provision
available to receive either a full or part pension. Most Australians also hold a personal
superannuation account into which is contributed a mandatory percentage of labour
income, known as the Superannuation Guarantee. These accounts, for which the
individual is responsible for the investment strategy and for which the individual bears
the risk, can also receive discretionary, tax-advantaged contributions.

To find a way through the myriad of choices to achieve an optimal outcome whilst
maintaining an appropriate level of consumption across a lifetime is a daunting task.
This problem has led to the formulation of the research question for this thesis i.e.

e From a financial perspective how can an Australian optimise financial decisions

in order to provide for a comfortable retirement?

The approach taken is that of optimisation. Linear programming is used to establish the
set of decisions across a lifetime that will lead to optimal outcomes for an Australian
household, with the study focussed on Australians earning median household labour

income.

Four conclusions can be drawn from the study. The first is the pivotal role of owner-
occupied housing in providing superior retirement outcomes with the second being that
an increase in the Superannuation Guarantee rate will not improve these outcomes for
the demographic considered. The third conclusion is the substantive role of the Age
Pension in securing wellbeing across a lifetime for this particular population segment.
The fourth conclusion is that there needs to be careful consideration of retirement
funding products. Products such as life contingent annuities and reverse mortgages,
presently not popular in Australia, are shown to be wealth enhancing for the conditions
modelled, whilst saving through superannuation beyond the Superannuation Guarantee

does not generally feature as an optimal approach.
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Chapter 1 Background and the problem

1.1 Living until retirement

As Benjamin Franklin famously said, in this world nothing is certain but death and

taxes. But, after paying taxes and before death, maybe, there is retirement!

Retirement for the purposes of this thesis, unless explicitly noted otherwise, is that stage
in life when a person has ceased to engage in paid labour. This stage of life has been a
changing landscape over the last one hundred years or so, as is illustrated immediately
below.

Australians who were young adults in the early years of the twentieth century could not
necessarily expect to experience retirement. About 49% of males aged 25 and about
57% of similarly aged females would live to be 65, the traditional age of retirement in
Australia. For this cohort, for those who did reach this age of 65, a male could expect to
live another 12 years, whilst a female had a life expectancy of 14 years (Australian
Bureau of Statistics (ABS), 2008a).

However, for young Australian adults born one hundred years later, the situation is very
different. For young Australian males aged 25 at the recent turn of the century, about
75% can expect to live until age 65, whilst the comparative figure for females is 85%.
Thus, a young adult can now confidently expect to reach the traditional age for
retirement. Moreover, on reaching this age, future generations can expect many more
years in retirement than their counterparts of one hundred years ago. A male who is 65
years old today has a life expectancy of 19 years and a female 22 years, and it can only
be expected that, in 40 years time when the young adults of today are 65, these life
expectancies will be even greater! (ABS, 2008a, 2012a)

People contemplating retirement may see these years as full of opportunity. In a
national survey involving interviewees aged 30-69, more than 85% of non-retired
people were looking forward to retirement with the anticipated benefits being more free

time, less work stress and the ability to travel (ANOP Research Services, 2001). This

! Life expectancies for Australians have been steadily growing over the past 120 years. In 1880 a 65 year
old male had a life expectancy of 11 years. By 1960, it was 12.5 years, by 1995, 16 years and in 2010
19 years. The comparable figures for females are 12 years, 15.5 years, 19.5 years and 22 years. (ABS,
2008a, 2012a)



view of retirement is echoed by Hunter, Wang and Worsley (2007) who reported that
retirement is seen as a time of freedom to do what is liked rather than what is required.
This rosy view of retirement is, unfortunately, not universal. Hamilton and Hamilton
(2006), using research data about attitudes to impending retirement of Australian baby
boomers, found that there is a divide between high income and low income baby
boomers, with those having low incomes seeing retirement as a “distinct and welcome
transition from work to leisure” (p. x), but being anxious due to perceived financial
issues of funding of their retirement. Wealthier baby boomers, however, see retirement,
not as a full withdrawal from the labour force but as the opportunity to change or
modify activities, maybe even a change of career. This change offers lower intensity,
greater flexibility and a stronger alignment to personal interests than that of the career
undertaken over the previous 40 years. For these people, financial well being is just

assumed.

Salt and Mikkelsen (2009) undertook a detailed survey of retirees and pre retirees for a
large Melbourne local government area, finding that concerns regarding retirement
centred around wellbeing, community engagement, family and social connection, and
housing. Overarching all these concerns, however, is the concern of having adequate
finances for retirement, in particular the ability to pay for services required for

wellbeing, especially health services and recreational activities.

From the brief discussion above, it is clear that, at least for some retirees, the funding of
their retirement consumption is a pressing issue. Obviously, given the increased number
of people who are living to retirement age, this funding is also a public policy issue.
Thus, it is appropriate to undertake a study of retirement funding with the intention
being to both provide useful information to individual Australians and to inform policy

analysis.

The organisation of this introductory chapter is as follows. As the Australian approach
to retirement funding is unique, and very much a product of its history, both a
description of the provision of retirement funding and its history is set out. Following
this discussion is an assessment of the Australian system using an academic framework,
together with an outline of the intergenerational financial issues that apply, given
Australia’s changing demography. Continuing on from this assessment, a brief analysis

is made as to how Australians view their retirement funding approach. The research



problem of the thesis, together with specific objectives, is then stated and an
introduction to the methodology is provided.

1.2 Retirement funding in Australia

The individual Australian retiree may have access to funds for retirement from three
main areas: (i) the means tested Age Pension, (ii) funds provided from superannuation
accounts, and (iii) funds provided privately, outside of the superannuation umbrella. A
brief history of both the Age Pension and superannuation in Australia is given

immediately below.

1.2.1 Evolution of the Age Pension

The Age Pension was introduced in Australia in 1908. Previous to the introduction of
the pension, it was assumed that the aged would use their savings to provide for
themselves in their older years, or would be able to rely on family for support, or,
failing these two sources of funds, resort to seeking the assistance of benevolent
organisations. The purpose of the pension was to be assistance to the deserving poor,
aged 652 or more with a yearly amount of £26° being provided, this amount being such
that would provide for modest living. The payment was subject to a means test on both
assets and income, with the amount paid being reduced on a sliding scale depending on
the level of these assets and income and as well, there were residency and racial
qualifications to be met. It was not a contributory scheme but rather was paid out of

consolidated revenue (Dixon, 1977).

Whilst over the hundred plus years of its existence there have been some changes, the
Age Pension that exists today is of similar character to that of 1908. In particular, it is
available to all Australians subject to a means test on both assets and income and is not
a contributory scheme but it is paid out of consolidated revenue. The amount paid is

essentially a safety net (Bateman, 2009).

2 1n 1908, the age of eligibility for the Age Pension was 65 for both men and women. It has remained at
65 for men, but in 1910 it was made available for women aged 60. In 1994 it was announced that the
age for women would be raised in a phased process to 65, with full implementation by January 2014
(Nielson, 2010a).

% Australia’s currency changed in 1966 from an imperial system to a decimal system. Nominally, £26 is
equivalent to $52.



1.2.2 Superannuation in Australia

Apart from the Age Pension, the other major source of income in retirement for
Australians is superannuation, this latter term being the name used in Australia for the
structured process of putting money aside, either by the employer or the employee,
during working life so as to have funds available for retirement. Whilst there have
always been superannuation schemes in place in Australia, it is useful to consider these
schemes in two phases, firstly the situation before the introduction of the
Superannuation Guarantee (SG) and then the years since its introduction (Nielson,
2010a).

1.2.2.1 Superannuation before the Superannuation Guarantee

Before the 1980s, only 40% of the workforce had access to superannuation, these
people being either senior management in private enterprise or public sector employees
(Borowski, Schulz & Whiteford, 1987;Ward, 2000). There was no opportunity to
preserve superannuation benefits when changing employers. Moreover, there were
significant tax concessions associated with superannuation, in particular an incentive to
take funds as lump sums rather than as pensions (Gallagher & Preston, 1993). The
private enterprise superannuation funds, covering about 30% of employees in this
sector, tended to be well funded, but the public service funds, covering 65% of the
public service sector, were unfunded (Mitchell & Piggott, 2000).

1.2.2.2 The introduction of the Superannuation Guarantee

The 1980s saw the beginning of major structural economic change in Australia. In the
early 80s there was high unemployment and low economic growth. Amongst
economists and politicians there was a mood for substantial change to allow for freer
trade, financial deregulation, deregulation of markets and a more flexible labour system,
but the Australian people, and in particular the union movement, while wanting change,
needed encouragement to embrace these fundamental shifts. As a result the government
of the day entered into a formal social contract — The Accord — with the trade union
movement, such that by the mid 1980s, workers were receiving 3% per annum

superannuation as a trade-off for wage increases (Kelly, 2000).

In the early 90s the Australian government mandated superannuation for most
Australian employees via the introduction of the Superannuation Guarantee Charge Act
1992 (Ward, 2000). Under the SG, the agreement was that the contribution rate would



rise in gradual steps to 9% by 2003 with there being no requirement for a co-payment
by the employee. The superannuation contributions were to be paid into a complying
fund, usually designated by the industrial award under which the payments were
mandated. As well as accepting the SG payments, these funds also accepted complying
voluntary payments from employee members (Australian Prudential Regulation
Authority (APRA), 2007b).

In 2001, the Treasury of the Australian Government® published a history of the
Australian retirement system for the 100 years since Federation with this document
setting out how the introduction of the SG expanded the coverage of superannuation in
Australia. In 1986, 40% of Australian employees had some form of superannuation but
by 1999, this figure had risen to more than 90%. However, it is important to recognise
that the type of superannuation provided had, for the most part, changed. The schemes
provided to public servants and senior executives in the private sector were usually
defined benefit, with the employer bearing the risk. With the advent of the SG, the great
majority of new accounts were defined contribution with the employee taking on the

investment risk (Treasury, 2001).

The introduction of the SG met several objectives. As mentioned earlier, it supplied a
real wage increase, albeit with delayed benefits, but, compared to immediate cash
payments, with lesser unwanted impact on inflation and employment. Additionally it
provided for much greater self-provision for retirement funding, thus eventually leading
to increased funds for consumption in the later years of life. Finally it afforded

increased national savings (Dawkins, 1992)°.

It is important to recognise that the government, in introducing the SG, did not see it as
replacing the Age Pension, but instead, for some Australians, as a supplement to the
pension as is illustrated by the following comment: “this statement reaffirms the
Government’s commitment, on grounds of equity and social justice, to assisting lower
income workers to live better in retirement through a combination of the age pension

supplemented with tax-assisted superannuation” (Dawkins, 1992, p. 1).

* The Treasury of the Australian Government is hereafter referred to as ‘Treasury’.
% It is noted that the contribution of superannuation to national saving is of considerable academic interest
but a detailed discussion of this topic is beyond the scope of this thesis.



Since 1992 there have been a series of changes to regulations governing superannuation,
these changes including alteration of preservation rules, the introduction of transition-
to-retirement pensions, provision for choice of superannuation provider, changes in
taxation of both contributions and withdrawals, and change to the way superannuation
wealth is assessed for the Age Pension means test (Nielson, 2010a, 2010b; Australian
Government, 2013; Treasury, 2013).

Superannuation is now a major player in the Australian economy. As of 31 December
2012, total superannuation assets were estimated to be $1,510 billion, having grown
from $245 billion in 1996 and $916 billion in 2006 (APRA, 2007a, 2013). These figures
need to be considered with regard to both Australia’s Gross Domestic Product (GDP)
and the equity market capitalisation for the specified time. In 2006, superannuation
assets were at the value of 20% of GDP, but by 2012 were at 115% of GDP, whilst,
compared to equity market capitalisation, the figures were 18% and 113% respectively
(ABS, 2012b; Australian Stock Exchange (ASX), 2013)

1.2.3 Assessment of Australian approach to retirement funding

For analysis of the provision of retirement funds, the pervasive analytical framework is
that of the three pillars developed by a 1994 World Bank study. In 2004 Kingston
argued that, over the decade since its publication, general consensus had developed that
this framework provided international best practice. This view is supported by the
number of academic articles and policy reviews that use this framework, examples
being McGillivray (2000), Bateman and Piggott (2001), McMorrow and Roeger (2002),
Knell (2005), de Mesa et al. (2006), Henry (2009), and Bateman (2009).

The purpose of the World Bank study was to develop a strategy for old age programs
that would meet multiple goals, including provision of a minimum basic income in old
age whilst encouraging people to save for retirement, and ensuring sustainability and
transparency. The authors argued that a single pillar approach to retirement funding
could not meet these objectives and proposed a three pillar framework. The purpose of
the first pillar, by its nature publicly managed and tax-financed, is to alleviate poverty
and thus has a redistributive and insurance focus. The second pillar is that of mandatory
savings, which the authors argue, should be fully funded, privately managed, but

publicly regulated. The third pillar is voluntary savings, either via employment or



undertaken personally (World Bank, 1994)°. For the Australian system, pillar one is the
Age Pension, in pillar two are the funds accumulated via the SG, and in pillar three are
additional savings including contributions to superannuation beyond the SG, but also
including savings and investments outside of the superannuation umbrella. The first and

second pillars are discussed immediately below.

The Age Pension is Australia’s first pillar. It is a means tested, non-contributory
payment that allows only for a modest lifestyle, rather than a universal, non-means
tested, flat rate as provided in some countries or a payment depending on contributions
to the national social security system as provided in yet other countries (Organisation

for Economic Co-operation and Development (OECD), 2011).

Australia’s second pillar is the SG. As with the first pillar, the Australian approach is
different to many countries. The Australian SG is privately managed with individual
accounts for which the owner of the account determines the investment strategy and
bears the risk. Approaches used by other countries for this pillar include those where
people contribute to publicly managed funds for which the government bears the risk
(Mitchell & Piggott, 2000).

On the surface, the Australian system does meet the requirements set out by the three
pillars framework and, as stated by King, Walker and Harding (2001, p. 155) was
“identified by the World Bank (1994) as a model system”. The Treasury also viewed the
World Bank’s assessment of the Australian system as being a model for other countries,
stating:

This is reflected not the least in the World Bank’s effective endorsement.... of
Australia’s three pillars as the approach which offered the best prospect of
simultaneously being fiscally sustainable in an environment where the
population is aging, of improving national saving, ensuring intergenerational
equity and providing higher incomes in retirement. (Treasury, 2001, p. 66)

More recently Agnew (2013, p. 1) stated “Australia’s retirement income system is

regarded by some as among the best in the world. It has achieved high individual

savings rates and broad coverage at reasonably low cost to government.”’

® The World Bank continues to develop a policy framework for retirement funding, taking into account
the various needs of countries at different stages of economic development. In particular, there is the
work of Holzmann (2012) which proposes a five pillar approach.

" Whilst it is acknowledged that individual savings via superannuation have increased, it is contested as to
whether national saving has increased (The Allen Consulting Group, 2007; Gruen & Soding, 2011;
Bishop & Cassidy, 2012)



However analysis of the system does suggest some problems. Kingston (2004) argued
that the efficacy of the system as a whole is limited, some reasons being the taxation
regime applied to superannuation, excessive fees and charges on superannuation
accounts, and liberal access to the Age Pension. Bateman (2009) identified the flaws as
being under two broad headings: (i) risk and responsibility for retirement incomes are
now largely with individual retirement savers and (ii) the policy design for
decumulation of funds is flawed. Agnew (2013) particularly identifies the lack of
annuitisation of retirement funds as of concern, and also highlights the incentives for
‘double dipping’ which is the process of using up second and third pillar retirement
savings so as to access, at least in part, an Age Pension. The flaws set out above imply
that individuals may reach retirement with less than optimal funds, and that these funds
may be deployed sub optimally in retirement. Moreover, from a public policy
perspective, the Age Pension is used to supplement the funds of individuals who could

provide for their own retirement.

1.2.4 The Australian retirement system: intergenerational issues

As well as analysing the Australian retirement system from the perspective of
appropriate savings structures, it is also necessary to understand the retirement system
in relation to the population distribution. The Age Pension is funded directly from tax
revenue, and thus it is necessary to consider the relative numbers of people paying

taxation as opposed to those benefitting from cash transfers.

Australians are a steadily ageing population. In 1990 the median age of Australians was
32.1 years, but by June 2010 the median age had risen to 36.9 years. In this same time
period the proportion of Australians aged 65 or older had risen from 11.1% to 13.6%. In
particular, during this time the percentage of people aged 85 or more had grown by
171%, compared to the total population increasing by 31%. In 2006 Australians aged 85
years old or older formed 12% of the population aged 65 or greater but, with the ageing
of the aged, this proportion had grown to 13.4% by 2010. Whilst in 2010 1.8% of the
population were aged 85 or greater, it is expected that this segment of the population
will comprise at least 5% of the population by 2056 (ABS, 2008b, 2010).

The Intergenerational Report (IGR) of 2010 states that the value of Age Pension and
related payments in 2009/10 was estimated to be 2.7% of GDP, with these payments
projected to increase to 3.9% of GDP by 2050 (Treasury, 2010a). As stated earlier,



funding of the Age Pension has been from current revenue, and thus the economic
burden for paying the pension for one generation falls to succeeding generations. The
ABS projects that by 2056 around 24% of the population will be aged 65 or more,
compared to the 13% in 2007. A century ago, when the Age Pension was introduced,
only 4.3% of the population were aged 65 or older (ABS, 2008a, 2008b). This ageing of
the Australian population has generated much discussion about the sustainability of
succeeding generations financially supporting their elders, examples of this discussion
being Kelly and Harding (2004), Guest (2008) and Chomik and Piggott (2012).

1.3 Attitude of Australians to retirement savings

Whilst, as discussed in Section 1.2.3, the academic assessment of Australia’s retirement
funding approach is broadly positive, this view of the situation is not shared by all
Australians. In particular, superannuation is viewed as being alienating, confusing,
complicated and risky. The Australian Institute of Superannuation Trustees (AIST)
recently commissioned research that found that 40% of respondents believed
superannuation is too complex to understand, nearly 60% saw it as being very risky and
25% stated that they did not see superannuation as being an important element of their
retirement portfolio (AIST, 2013). A survey conducted for the Association of
Superannuation Funds of Australia (ASFA) found that only 27% of respondents
reported that they were satisfied with the superannuation industry as a whole (Clare,
2011). A survey of Australians aged 25-44, conducted by Galaxy Research during 2012,
found that 60% of participants selected terms such as ‘boring’, ‘baffling’, *difficult to
understand’ and ‘for people older than me’ whilst only 25% selected positive
descriptors such as ‘interesting’ and ‘motivating’. Moreover, three quarters of
respondents saw that superannuation terminology made it difficult to engage with their
superannuation provider (McMeekin, 2012).

This negative view of superannuation is often reinforced by commentary in the media.
Alan Kohler, a financial analyst with a daily appearance on a national television news
program, wrote “It doesn’t take more than a few moments thought to understand that
Australia’s superannuation system is not the paragon it’s cracked up to be” ® (Kohler,
2012). Another damning critique of the superannuation system was provided by an

¥ Kohler’s contention is that superannuation exposes savers and retirees to market and longevity risk, fees
and charges are too high, and that older Australians are being encouraged in invest in assets that are
too risky.



investment strategist, Chris Becker, who wrote in an article named ‘Simply stupid
superannuation’:

Superannuation is one of, if not the most difficult financial constructs of the
modern age. Forget collaterised debt obligations, interest rate swaps or contracts
for difference. The complexity involved for what should be a simple proposition
— save some money for retirement so that the government doesn’t have to — has
boiled over in a magma of confusing and continual policy changes, turgid
legislation, overwhelming regulatory requirements, unreadable annual reports
and a glossary of terminology that would have most physicists reeling. (Becker,
2012)

A major reason for this negativity is the complex set of decisions Australians have to
make if they are be engaged with the system. As Bateman (2007) stated:

The Australian private retirement saving arrangements (superannuation) require
individual retirement savers to undertake an increasing number of choices.
These include, choice of pension (superannuation) fund; choice of investment
strategy (which may include choosing from a menu of multi manager diversified
and specialized options, specific investment managers and/or asset classes);
choice of whether to make additional voluntary contributions; and choice of type
of retirement benefit. (pp. 25-6)

However, as this author argues in a later article:

the public and private arena of Australia’s retirement income arrangements
complement each other and together have the potential to provide cover against
the main economic and financial risks faced in retirement. ... this potential will
only be realised when retirement savers remain engaged and make appropriate
retirement choices throughout their lives. (Bateman, 2009, p. 19)

It is not surprising that many Australians opt out of active participation. In particular it
is the least financially secure section of the population that are not engaged (Hesketh
and Griffin, 2010; Quine, Bernard and Kendig, 2006). Johnson (2008) reported that
fewer than 10% of retirees had a formal financial plan, and that the trigger for
developing such a plan was the decision to retire i.e. there is very little planning for
retirement, even when Australians are aged around 50. When people do start to plan,

there is evidence that at least some regret not saving more in their younger years.

However, saving for retirement means the taking a leap of faith, especially in the years
of early adulthood. As Selnow (2004) states:

Retirement savings advocates face one of the most daunting communications
tasks imaginable. They seek to promote within the labour force a willingness to
set aside scarce resources for some distant age that the worker may or may not
reach for rewards that the worker may or may not achieve, at a price today that
the worker may not wish to pay. (p. 43)
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1.4 Aims of the thesis

From the discussion in this chapter, it can be seen that there are two perspectives in
considering the Australian retirement funding approach in practice — the perspective of

the individual® and the public policy perspective.

From the individual perspective, the key issues are: (i) how to accumulate retirement
funds and (ii) how to use these funds for retirement. There are four key, interrelated

factors:

e The percentage of wages, including the SG, which should be contributed into
superannuation at each stage of the accumulation phase.

e The optimal consumption-savings decision for each stage of the
accumulation phase.

e The amount of funds to be withdrawn at each stage of the decumulation
phase.

e The optimal investment strategy for each stage of the decumulation phase.

From a public policy perspective, given it has always been the policy view that, for
many Australians, retirement funding will comprise of both the Age Pension and private
savings, it is appropriate to explore the interplay of Age Pension and private funding of

retirement.

Given these issues, both for the individual household and for public policy, the research

problem for this thesis is:

e From a financial perspective how can an Australian optimise financial

decisions in order to provide for a comfortable retirement?
The specific objectives of the study are to:

1. Determine the optimal methods and rates of accumulation and decumulation
for a range of representative segments of the population, assuming a rational,
self-interested perspective.

2. ldentify the gaps between optimal accumulation and decumulation, and sub-
optimal accumulation and decumulation when behavioural attitudes

influence selection of accumulation and decumulation options.

% Depending on the context, ‘individual’ may mean an individual person or individual household.
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3. Determine the Superannuation Guarantee percentage that needs to be in
place for average Australians to have their retirement funded to a
comfortable level commensurate with average Australian standards by
personal superannuation / savings, supplemented by the means-tested Age
Pension.

4. Establish the characteristics of households that would be eligible for the Age

Pension, given the selection of economic factors and policy options.

1.5 Methodology adopted in this thesis

The nature of the research problem demands a modelling approach. There is
considerable research being carried out in Australia into retirement issues using such an
approach. The Retirement and Income Modelling Unit (RIM) within the Australian
Treasury uses three types of superannuation micro models — hypothetical tax benefit
models at the individual and the couple level, cohort models (or actuarial models) and
microsimulation models (Treasury, 2012). NATSEM (National Centre for Social and
Economic Modelling) at University of Canberra has developed dynamic
microsimulation models to investigate retirement issues (Kelly, Harding and Percival,
2002).

For a significant portion of Australian empirical research into retirement funding issues,
standard econometric approaches are used, for example Ganegoda and Bateman (2008),
Sy (2009), Cardak and Wilkins (2009) and Dobrescu (2012) Another approach is to use
actuarial techniques, for example, Doyle, Mitchell and Piggott (2004). Simulation
methods including bootstrapping are also used for example Basu and Drew (2010) and
Hulley, McKibbin, Pedersen and Thorp (2013).

In studying the research problem set out above there is another investigative approach
available — mathematical programming, which is essentially an optimisation technique.
Mathematical programming is an umbrella term for such techniques as linear
programming, non-linear programming and dynamic programming. These techniques
are powerful in that an objective function incorporating a decision maker’s preferences
can be optimised under the constraints of individual circumstances. This approach is
quite effective in accommodating variations in these circumstances, as a result of
changing preferences or other constraints imposed by the environment. Government

policies can be formulated as constraints to estimate their impacts on optimal decisions.
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Further, an initial solution can be used to test sensitivity to the key variables and to
estimate shadow prices, or opportunity costs of choices.

A particularly potent aspect of mathematical programming is that, under some
circumstances, a globally optimal solution to the problem can be established. When this
is the situation, all possible solutions can be judged in relation to this optimal solution.
This potential for identifying optimal solutions does not apply to stan