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ABSTRACT

This paper is intended to set out a conceptual framework and a model that individuals, advisors and
retirement fund trustees can apply when designing optimal retirement income strategies. The
framework we put forward here seeks to address the ‘annuity puzzle’, a behavioural contradiction
observed in practice between individuals’ retirement goals and the annuities they typically select at
retirement. A significant majority of individuals state that their preference is for a guaranteed income
for life, but data from the South African market shows that almost all retirees opt for living annuities
(a South African draw-down account that invests in various asset classes and that provides no explicit
longevity protection). The framework therefore recognises that, in making the decision to convert
accumulated savings into income, individuals have to balance the need to meet their remaining
lifetime spending needs with the need for sufficient liquidity to provide for shock events and/or
legacies for heirs.

The model based on this framework is intended to improve draw-down decisions by making use of
‘consumption framing’ rather than ‘investment framing’. It takes into account the fact that individuals
often make automatic decisions that are not necessarily rational, and considers the mental models
they use for managing their finances.

The model, using assumptions specific to the South African environment as an example, and was
constructed to determine the lifetime spending needs being met and the expected financial reserve
upon death using various strategies that include both draw-down accounts with varying asset
allocations (or “living annuities”) and guaranteed life annuities. ‘Lifetime spending needs being met’
is defined as the probability-weighted proportion of income needs being met over a remaining lifetime
with 90% confidence. ‘Expected financial reserve upon death’ is defined as the 50th percentile of the
present value of the remaining retirement assets available on the death of the pensioner, adjusted by
the present value of income support provided by dependants during the life of the pensioner in order
to meet the pensioner’s income needs where it falls short.

A retirement income frontier is derived from various combinations of possible investment
strategies, offering the highest expected financial reserve upon death for each level of lifetime
spending needs being met. Individuals, advisors and trustees can then select the appropriate strategy
on the retirement income frontier that meets their desired levels of lifetime spending needs being met
and their expected financial reserve upon death.
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1. INTRODUCTION

1.1 Over the past two decades, a significant shift has taken place in how retirement income is
provided to individuals in South Africa. This shift has seen an increase in the use of defined
contribution funds to provide an income in retirement.

1.2 With defined contribution arrangements, individuals choose how to convert their
accumulated savings at retirement into an income. Essentially, an individual chooses between a draw-
down account that invests in various asset classes (also known as a “living annuity”), various
guaranteed life annuities or combinations thereof.

1.3 The optimal strategy for retirees with no bequest motive is to completely annuitise their
accumulated retirement capital (Yaari, 1965). Despite this, Friedman and Warshawsy (1985) note:

It is startling, at least for economists who view consumption-saving behaviour within the
framework of the familiar life-cycle model, to confront the fact that in the United States few
individuals purchase life annuities. According to the life-cycle model, the chief principle
governing individual saving behaviour is the desire to smooth consumption patterns over one’s
lifetime, within the constraints imposed by limited lifetime resources

1.4 While the above refers to the US market, the same issue applies in South Africa, where the
vast majority of retirees use living annuities, which provide no explicit protection for longevity, to
convert their accumulated retirement savings into an income. A survey conducted by Just South
Africa (Pty) Ltd in 2016 revealed that 86% of individuals surveyed, who were aged between 55 and
85, preferred a guaranteed income for life in retirement. The 2015 Sanlam Benchmark Survey showed
a similar result, with 87% of those surveyed saying they wanted certainty of income for life. Yet data
from the South African market reveals that 90% of 2015 annuity sales in the country were in draw-
down accounts which invest in a range of asset classes but which provide no explicit longevity
protection.

15 This phenomenon has become known around the world as the ‘annuity puzzle’. Significant
research has been undertaken into understanding the annuity puzzle as well as other behaviours that
do not conform to economic theory.

1.6 Empirical work demonstrates that individuals generally do not make decisions by taking into
account all costs and benefits. They wish to conform to social expectations and do not have
unchanging or arbitrarily changing tastes. Preferences depend on the context in which they are
elicited, as well as on the social institutions that have formed the interpretive frameworks through
which they see the world (Basu, 2010; Fehr & Hoff, 2011). The World Development Report (2015),
entitled Mind, Society and Behaviour, summarises hundreds of empirical studies and behavioural
finance research into one framework. The framework rests on three principles of human decision-
making: thinking automatically, thinking socially, and thinking with mental models. These factors
have relevance to and an influence on how South Africans currently convert their savings into an
income as follows:

1.6.1  Thinking automatically. The decision to convert accumulated savings into an
income in retirement is often made without quantifying the potential benefits and risks of all the
available annuity options (Goemans & Ncube, 2008). Lodhia and Swanepoel (2012) also believe that
the sales of living annuities are based on lack of insight into product design. As such, individuals
typically resort to thinking automatically when faced with the decision of how to convert their savings
into an income. This thinking is based on what they have heard from others (thinking socially) and
on using the rules of thumb available in the industry, which themselves have been shaped by society
and mental models created by framing effects.

1.6.2 Thinking socially. In recent years, South Africans have become accustomed to
high real returns on investment. As a result, investing (rather than annuitising) at retirement has
become a popular option, with much of the marketing in the industry focused on providing long-term
returns and not on how individuals should convert savings into an income. The life insurance industry
has also failed to instil trust in consumers, which has had an influence on how life insurance is



perceived. Intermediaries play a very powerful role in influencing a retiree’s decisions too and this,
in turn, is influenced by the fact that they tend to earn greater fees on living annuities than they do
from life annuities. This was first highlighted by Rusconi (2006) and later by Lodhia and Swanepoel
(2012).

1.6.3 Thinking with mental models. In South Africa, ‘investment framing’ is used at
retirement instead of ‘consumption framing’. As demonstrated by Brown et al. (2008) and Bockweget
al. (2016), this has a significant impact on the ultimate decisions made by individual retirees. The
precise effect investment framing may have on decision-making also depends on the institutional
environment, which predefines the perspective through which individuals filter information about
annuities (Bockweg et al., 2016). The last two generations of retirees have benefitted from high real
returns on investment, and this has led to a general belief on how best to manage money in retirement.
By extrapolating this situation into the future, a mental model is created that one needs to invest in
living annuities in order to provide the best returns.

1.7 As such, the industry is geared towards advising retirees on the optimal living annuity
investment. There is very limited evidence that retirees are presented with a comprehensive
framework within which to understand the trade-off between living and life annuities after taking into
account their personal circumstances. In general, strategies combining living and life annuity
components are rarely recommended by financial planners, nor are strategies designed to fully
annuitise.

1.8 Within this context, the purpose of this paper is to present a conceptual framework and model
that can be used to assist in improving decisions related to converting savings into an income at
retirement.

1.9 The framework and model can be used by advisors and automated advice processes to
recommend optimal investment strategies at retirement to individual retirees, depending on their
circumstances and preferences. It can also be used by benefit consultants or trustees when deciding
on the design of the default annuity strategies of retirement funds.

2. THE RETIREMENT INCOME FRONTIER

2.1 One of the first international studies to investigate the impact of partial annuitisation on
portfolio sustainability was Ameriks, Veres and Warshawsky (2001). Chen and Milevsky (2003) went
on to examine the optimal allocation between immediate annuities and other financial assets.
Milevsky (2009) then developed his product-allocation framework, in which he builds a retirement-
income frontier that reflects combinations of withdrawal accounts and life annuities that maximise
spending power for an acceptable level of retirement sustainability and expected bequests.

2.2 Huang et al. (2012) developed their own version of Milevsky’s product allocation with an
efficient income frontier for a 65-year-old male seeking to use financial assets to obtain a constant
inflation-adjusted retirement income equal to 4% of retirement-date assets. They plot ‘income risk’
(i.e. the probability of financial wealth depletion at age 92, which a 65-year-old has a 25% chance of
surviving to) against ‘legacy potential’ (i.e. the median amount of remaining wealth at age 86, which
is the life expectancy for a 65-year-old male).

2.3 Several other studies from 2012, including Tomlinson (2012) and Malhotra (2012), also in-
vestigate questions about product allocation by simulating the performance of different income tools
using a variety of other outcome measures.

2.4 Finally, Pfau (2013), building on the product-allocation framework first presented by Chen
and Milevsky (2003), provides a framework for considering different types of products in the US that
provide an income in retirement. This approach aims to measure retirement strategies according to
how they provide for a sustainable income in retirement, as well as to what extent they provide
liquidity on the death of the last remaining spouse. This method measures various strategies by
plotting each one on a graph showing the percentage of lifetime spending needs which are met (the
10th percentile outcome) against the real value of financial assets at death (the median outcome) as a
percentage of retirement-date assets. Essentially, the approach is to assess various strategies by
comparing how they fare in providing for lifetime spending needs on the one hand and for having



financial assets left to provide for flexibility or heirs on the other.

2.5 Minney (2016) performed a similar analysis for Australian retirement income products.

2.6 Our model is constructed by making use of an adjusted version of this method. Specific
adjustments to the method are introduced to ensure practicality of use in South Africa. They also
specifically factor in the value of income support provided by dependants.

2.7 Individuals typically manage their finances by creating mental accounts (World
Development Report, 2015). Financial goals in retirement can essentially be reduced to two
competing objectives:

2.7.1 To support minimum spending needs and lifestyle-spending goals as best as
possible, however high they may be.

2.7.2 To maintain a reserve of financial assets to support risk-management objectives,
such as protection from expensive health shocks, divorce, unexpected needs of other family members,
severe economic downturns, etc., or to meet legacy objectives (Pfau, 2013). In order to compare
various strategies against these two financial goals, we use two measures in our model: ‘lifetime
spending needs being met” and ‘expected financial reserve upon death’, each of which represents one
of the competing financial goals or mental accounts mentioned above. Various post-retirement
investment strategies are then plotted against these two measures.

2.8 Within this framework, the optimal strategies provide the highest expected financial reserve
upon death for a given level of lifetime spending needs that are met and vice versa.
2.9 The ‘retirement income frontier’ is then the collection of all strategies that are optimal for

each level of lifetime spending needs and expected financial reserve upon death.

3. LIFETIME SPENDING NEEDS BEING MET

3.1 For many years, advisors and retirees have relied on the notion of ‘safe withdrawal rates’,
originally put forward by Bengen (1994). Bengen described the SAFEMAX, which he defined as the
sustainable withdrawal rate from the worst-case scenario in history. Many of the rules of thumb used
in relation to sustainable income withdrawal rates have their foundation in this original research.

3.2 ‘Safe withdrawal rates’ are therefore based on ruin theory or failure rates. Pfau (2013) sets
out the following reasons why failure rates are not adequate:

— They do not consider the retiree’s entire balance sheet of assets for income generation and focus
instead on drawdown accounts.

—They are not compatible with financial products designed to provide lifetime retirement income,
such as single-premium immediate annuities (SPIAS).

— They are not meaningful for clients seeking to understand the implications of partial annuitisation.
— They ignore the lost potential enjoyment from spending more early in retirement.

— They are an extreme outcome measure that puts weight only on financial wealth depletion.

— They ignore the magnitude and severity of the ‘failure’ condition.

— The failure-rate framework is based too heavily on the US historical record since 1926.

3.3 In South Africa, a number of studies have been done on annuities to measure the
sustainability of income provided by various retirement income products. Baldeaux (2005) assessed
the appropriateness of living annuities as a source of retirement income relative to inflation-linked
annuities by constructing a ruin probability model. Beinash (2007) produced a model, based on
financial ruin, to analyse living annuities and determine an appropriate asset allocation and income
drawdown rate. Goemans and Ncube (2008) compared level, 5% escalating, living, and with-profit
annuities by means of an expected present value and ruin probability approach. Rudman (2009)
determined an optimal living annuity asset allocation that would minimise investment, drawdown and
longevity risk. Levitan, Dolya and Rusconi (2009) analysed level, 3% escalating, inflation-linked,
and living annuities by means of a ruin probability model. Lodhia and Swanepoel (2012) analysed
living and inflation-linked annuities by applying a breakeven analysis. Butler, Hu and Kloppers
(2013) analysed various annuity strategies with a discounted utility model and a ruin theory model.
De Villiers-Strijdom (2013) analysed annuities based on historical investment performance. Theron
(2013) analysed living and inflation-linked annuities with specific reference to high-net-worth



individuals. Boulle (2014) introduced the Legacy Index to provide retirees with a way of assessing

whether they are able and willing to take the risks inherent in their retirement income strategy. Bester

(2016) compared five different annuities and the value they offer by calculating present values and

ruin probabilities.

3.4 In our model, we introduce the measurement of ‘lifetime spending needs being met’. This is

defined as the longevity-weighted proportion of income needs being met over a full remaining

lifetime with 90% confidence. The calculation is performed as follows:

— Monte Carlo simulations for financial market returns are performed using forward-looking
assumptions. Each investment strategy has a distribution of the ratio between income and
spending need in each future year (i.e. the ratio of income produced by the strategy, divided by
the spending needs required by the individual in that year).

— For each future year, the 10th percentile of the outcomes of these income to spending needs ratios
is taken (as set out in the formula below). The 10th percentile is chosen in order for the
framework to incorporate a risk measure that captures the tail of the distribution of outcomes.

— The 10th percentile outcome is then multiplied by the probability of the pensioner being alive at
the end of that year. The probability of the pensioner being alive is used as the weight to reflect
the importance of that particular year in meeting the pensioner’s lifetime spending needs.

— The lifetime spending needs being met is then the sum of each future year’s 10th percentile
outcome multiplied by the probability of survival for that year, divided by the sum of each future
year’s survival probability.

3.5 The model incorporates the following features to ensure it is relevant to South Africa:

— Where the income-producing products, specifically with-profit annuities, produce an income
greater than the selected needs of the individual for the specific year, the difference between the
income received from the product and the income needed by the individual is assumed to be
reinvested in the retirement savings capital.

— Mortality rates that reflect the typical mortality rates used by pension practitioners in South Africa
are used.

— Forward-looking investment return assumptions applicable to South Africa are used.

— A range of annuity options applicable to South African retirees are used.

— Drawdown rates for living annuities are assumed to be limited to a maximum of 17.5% of capital
to reflect existing tax restrictions on these products in South Africa.

— For the living annuity strategies, fee assumptions reflect the difference between typical retail
investment management fees and typical institutional investment management fees that are
applicable to retirement funds on a group basis (given that, as a group, funds are typically able
to secure lower fees than the fees individuals could negotiate on their own).

3.6 The formula for lifetime spending needs is as follows:

Yre1

[[Q(Percentage Income Needst)g1 - lysr

Lifetime spending needs met =

X
o |1
o7 [ 4]
Where:

Q(Percentage Income Needst)g 1
= 10th Percentile outcome of Percentage Income Needs Mety

Incomey

Percentage Income Needs Metr = Spending Requirement
T

The simulation model formulae are set out in Section 5.
3.7 The advantages of this measurement over other alternatives are:



— The measurement is intuitive and easy to understand. This is important as it creates the first mental
account in the process, allowing individuals to understand that, at retirement, their savings must
be converted into an income to provide for their future spending needs. ‘Consumption framing’
can be used to improve the decision-making process.

— The magnitude of any shortfalls between the income produced by the strategy and the spending
needs is taken into account. In ruin theory, all shortfalls are treated the same irrespective of
whether the shortfall is R1 or R100 000.

— The importance of each future year is taken into account by including survival probabilities. A
greater weight is placed on years in which the individual is more likely to be alive, allowing for
greater utility of spending in the early years of retirement compared to the later years. This is
important given that, in practice, retirees do not have unlimited resources. By taking into account
the relative importance of a particular year, as well as the consequences of that shortfall in the
same measurement, an efficient allocation of capital can be applied.

— The measurement can allow for varying spending needs based on lifecycle theory, including
increasing requirements for higher healthcare expenditure in advanced years. However, for the
purposes of this paper, this feature was not used.

4. EXPECTED FINANCIAL RESERVE UPON DEATH
4.1 As discussed earlier, an individual’s decision to convert savings into an income in retirement
can be distilled into two financial goals: providing for lifetime spending needs and providing for
liquidity and/or an inheritance for heirs. To address the first goal, the mental account of ‘lifetime
spending needs being met’ is created and used.
4.2 To address the second goal, the mental account of ‘expected financial reserve on death’ is
created and used. This measurement is used to determine the value of funds that are accessible to the
pensioner until the date of death.
4.3 There have been a number of variations of this measurement presented in the literature.
Milevsky (2009) defines ‘Financial Legacy Value’ as the average discounted bequest value at death
for the strategy across the Monte Carlo simulations used in his model. Pfau (2013) and Minney (2016)
use a similar measurement. Boulle (2014) introduces the concept of a ‘Financial Legacy Index’.
4.4 For our purposes, the ‘expected financial reserve upon death’ is defined as the present value
of the remaining retirement assets available on the death of the pensioner, adjusted by the present
value of income support provided by dependants while the pensioner is alive in order to meet their
income needs at the 50th percentile. The calculation is performed as follows:

44.1 An adjusted version of Boulle’s Legacy Index at the 50th percentile is determined
for each time period T. The following adjustments were made to this:

441.1 The breadline income and desired income in Boulle’s model are assumed to be
equal. This is to ensure that the measurements are based on desired income needs and that the
optimised income strategy reflect this.

4412  The accumulated borrowings are discounted to retirement date based on the
actual returns earned by the pensioner. This is in order to reflect the opportunity cost of such
borrowings, as well as how much would be needed at the outset in order to fund them. It also reflects
the additional retirement assets the pensioner would need to close the shortfall or, because it is
calculated as a present value, the reduction in initial income needs required to ensure that the expected
financial reserve upon death remains at least zero.

4.4.1.3  The50th percentile is chosen in order for the framework to incorporate a return
measure that captures the expected retirement capital remaining at the time of death.

4.4.1.4  The value for each year T is then weighted by the probability of the pensioner
dying during year T.

4.4.15  The weighed value is then discounted to the date of retirement and expressed
as a percentage of the original retirement capital.

4.5 The final formula for expected financial reserve upon death is as follows:
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Where:

Q (Discounted Total Portfolior),.5
= 50th Percentile outcome of Discounted Total Portfolior

PortfolioLA; 4 PortfolioDep
[TI[(1 +R).(1 - Fees)] ~ TIT[(1+R;).(1— Fees)]

Discounted Total Portfolior =

PortfolioLAr = Balance of living annuity account at time T

PortfolioDep; = Accumulated value of borrowings from dependents at time T

The simulation model formulae are set out in Section 5.

4.6 The advantages of this measurement over the alternatives are:

— The measurement is intuitive and easy to understand. This is important as it creates the second
mental account in the process, allowing individuals to understand the impact of wanting to set
aside an amount for liquidity or for bequests. ‘Consumption framing’ can be used to improve
the decision-making process.

— The impact of insufficient savings or income requirements that are too high can be illustrated as
negative values. This provides individuals with a tool to understand the implications of their
decisions on themselves and their dependants.

— The importance of each future year is taken into account by weighting the results by the
probabilities of dying in each year. This is essential as greater weighting is given to later years
in which the value of the borrowings from dependants is the greatest. This is done to ensure that
retirees understand and factor into their decision-making the impact of the income from their
investment strategies not providing sufficiently for later years.

5. SIMULATION MODEL
51 Investment Return Model

5.1.1 The investment returns used in the simulation were sampled from a multi—variate
normal distribution X with expected returns p and covariance matrix e. When sampling from X, the
model produces a simulated asset path return for the number of years required for the simulation. A
return matrix of size N x M is produced. The return assumptions are set out in Section 7.

512 The formulae relevant to the investment return simulation model are as follows:
Lifespan = mortality table age limit — current age + 1
K = with-profit increase averaging period
N = lifespan + withdrawal period — 1
M = number of asset classes = 7

X~ N7(ﬂ, E)

w = [E[X,]E[X,], ... E[X{]], i=12,..7



M1

H2
M3
n = Hs
Hs
He
H7

5.1.3  The asset allocations used to model the living annuity portfolios were determined
with reference to the optimal portfolio for a given level of risk. In order to determine the optimal
portfolios, 500 000 random portfolios were sampled. Constraints were imposed to ensure that all of
the portfolios complied with Regulation 28, a South African regulatory requirement applicable to
retirement fund portfolios. Using the return and correlation assumptions set out in Section 7, an
efficient frontier was created with each portfolio on the efficient frontier representing the portfolio
with the greatest return for the given level of risk. Forty portfolios were then selected on this efficient
frontier in order to represent a range of portfolios across the risk spectrum. The list of portfolios
selected and their asset allocations is set out in Table A.1 of Appendix A.

5.2 With-Profit Annuity Increase Model

521 A with-profit annuity targeting 100% of inflationary increases was selected. The
post-retirement interest rate corresponding to this annuity was 2% per annum.

522 In our model, we assumed that the with-profit annuity pool invests in 25% local
equity, 60% local bonds, and 15% international equity.

523 Various formulas are used in practice by insurers to calculate with-profit annuity
increases. Our model determined the increases with the following formulae:

X;j = Return for asset class i,year j of simulation
w; = % allocation of asset class i in portfolio
r=wl . XT=w; . Xy j+wy . Xp;++w;. X7,  forj=12,..,N

rr = return on with profit investment portfolio during year T

1
+ (14 7r-_))5 — InvFee — CapCharge
WPAInc, = (ITizo(1 + 77 l))(1+2%) pCharge

53 Living Annuity Returns Model
Living annuity portfolio returns are calculated as follows:

Wr XT=W,. Xy +W,. Xpj+4+Wy. Xy;, forj=KK+1,..,N

5.4 Lifetime spending needs being met Simulation Model
54.1 In order to calculate financial needs met, a simulation model was constructed with



the formula set out below:

3o [[Q(Percentage Income Needst)g1 - lysr
T=1

L

Lifetime spending needs met =

w |1
o [ 4]
Where:

Q(Percentage Income Needst)g 1
= 10th Percentile outcome of Percentage Income Needs Mety

Incomer

Percentage Income Needs Mety = Spending Requirement
T

Spending requirement; = WR . (1 + inflation)”
Incomer = LAy + AWy
AW r = Income provided by lif e annuity at time T

= [IL(1 + WPAInc;) ] .PIAy .WR + PIA,. WR. (1 + Inflation)T, i=1,2,...,T

LAt = Income provided by living annuity at time T =

Ml’n <(max(5‘pending Requirementr—AWT,0) ) , WRMCLX ) . POthOllOLAT

Portfoliopa

PortfolioLAr = living annuity balance at time T

= PortfolioLAr_,.(1+ Ry).(1 — InvFee) — LAy

PortfolioLA, = max(1 — PA;,0.00000000001)

r:W = with — profit annuity, I = Inflation — linked annuity

s: LA = Living annuity, Dep = Dependency portfolio

PIA, = Percentage of income annuitised with life annuity type r
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WR = Income required as % of initial retirement capital
WRMax = Maximum allowable living annuity drawdown rate of 17.5% of capital

a, = annuity rate for annuity type r for pensioner aged x

1
PAj=PIA;.WR.ai,  j=Worl, ifPA;>1PA= ()
j

5.4.2 Inthe above simulation, allowance was made for years in which the income provided
by the with-profit annuity exceeds the spending requirements for year T. In scenarios in which this
occurs, the difference between the spending requirement and income requirement is reinvested in the
retirement savings component of the simulation.

55 Expected Financial Reserve upon Death Simulation Model

55.1 Inorder to calculate expected financial reserve upon death, a simulation model

was constructed with the formula set out below:

Expected Financial Reserve upon Death

_ i [[Q(Discounted Total Portfoliot)g 5 .dxx+T_1]]
T=1 Le
Where:

PortfolioLA PortfolioDepr
[MT[(1+R,) .(1~Fees)] = TIT[(1+R;) .(1—Fees)]

Discounted Total Portfolior =

PortfolioDep; = Accumulated value of borrowings from dependents at time T

= PortfolioDepy_,.(1+ Ry) .(1 — InvFee) — Max(Spending Requirement; — Incomer, 0)

PortfolioDep, = 0

6. ILLUSTRATION OF RESULTS FOR A MEMBER AGED 65 YEARS

TABLE 1. Descriptions of abbreviations used for illustrations

Abbreviation Description
LSN/LSNM Lifetime spending needs/met
EFR Expected financial reserve
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Institutional or Fee assumption of 0.8% per
Institutional Fee annum
i 0,

Retail or Retail Fee Fee assumption of 1.8% per

annum
LA Living annuity
WP or WPA With-profit annuity
ILA Inflation-linked annuity

6.1 In order to illustrate the use of the retirement income frontier, we provide the results from

the model for a pensioner aged 65 years. Table 2 sets out the variations of the member profiles that
were modelled.

TABLE 2. Member profiles for illustration of results

Profile Gender Slnglt_e/JOInt Spouse’s Spouge ]
Life Age Pension
1 Male Single N/A N/A
2 Female Single N/A N/A
6.2 Various initial income requirements were modelled for each of the member profiles. The

initial income requirement was expressed as a percentage of initial retirement capital and assumed to
increase with inflation. The initial income requirements modelled include 4% of initial retirement
capital, corresponding to the living annuity drawdown rate initially put forward by Bengen as a rule-
of-thumb, and 6.44% of initial retirement capital, which corresponds living annuity drawdown
statistics for June 2016 in the South African market. An initial income requirement of 10% of initial
retirement capital was also introduced.

TABLE 3. Initial income requirement scenarios for each member profile

Initial Income as a % of Initial
Retirement Capital

4%
6.44%
10%

6.3 Various income annuitisation strategies were tested, ranging from 0% to 100% of initial
income annuitised in increments of 5%. A maximum of 21 annuitisation strategies were therefore
modelled. A limit to the amount of initial income annuitised was introduced, corresponding to the
level at which the cost of securing the initial income equals the amount of retirement capital available.
6.4 Level and fixed escalating annuities were not included. Level annuities do not provide any
inflation protection. The level of protection offered by fixed escalating annuities depends on future
inflation. Higher actual inflation will result in fixed escalating annuities providing lower protection.
Lower inflation will result in fixed escalating annuities providing higher protection. Since there is no
natural link between the annual increases and actual inflation, these annuities were not included any
further. The only annuities included in our modelling were those with increases explicitly linked to
inflation (inflation-linked annuities) or those that have some implicit measure of inflation protection
in which increases are expected to vary with inflation over time (with-profit annuities targeting
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increases of 100% of inflation).

6.5 Living annuity strategies provided within a retirement fund at institutionally-negotiated fees,
as well as living annuity strategies provided at typical retail fees were included. This is because
retirement funds have a choice of whether to provide the annuity as a default of the fund (with fees
negotiated on a group basis) or of leaving individuals to negotiate their own arrangements at typical
retail fees.

6.6 Various living annuity asset allocations were modelled. From these, an efficient frontier was
created and 40 portfolios were selected from the efficient frontier, each representing a portfolio with
the greatest return for a given level of risk. In selecting the portfolios, Regulation 28, a South African
regulatory requirement applicable to retirement fund portfolios, was imposed. The detailed asset
allocation for each of these portfolios is set out in Table A.1 of Appendix A.

7. MODELLING ASSUMPTIONS

7.1 Mortality was assumed to follow the PA(90) table with a downwards age adjustment of three
years for males and two years for females.

7.2 Immediate with-profit annuity rates for a post-retirement interest rate of 2% and targeting
increases of 100%, as well as inflation-linked annuity rates were obtained from Just South Africa.
This ensured that the modelling reflects actual annuity pricing available in the market. The annuity
rates applicable to the various member profiles are shown in Table 4.

7.3 Institutional investment management fees for living annuities (negotiated on a group basis)
and with-profit annuities were assumed to be 0.8% per annum. Retail investment management fees
(including platform charges and negotiated on an individual basis) were assumed to be 1.8% per
annum. These are considered to be largely reflective of the relative fee differences.

TABLE 4. Annuity rates for various retiree profiles

Profile Gender Single/Joint With-profit Inflation-linked
Life Annuity Rate Annuity Rate
1 Male Single 11.62 15.83
2 Female Single 13.95 19.02

7.4 No assumption was included for advisor charges. Capital charges for the with-profit
annuities were assumed to be 1% per annum. Investment returns were simulated using the model set
out in Section 5, and 10 000 simulations were run. Inflation was assumed to be 6% per annum.

7.5 Annual real returns were assumed to be normally distributed. A covariance matrix was
constructed based on historical monthly returns from an internal company database dating back to 1
July 1987. Allowance was made for current market conditions given that future returns are expected
to be lower than those observed in the past. The real return assumptions were compared for
reasonability to the best-practice assumptions of one of the largest asset consulting houses in South
Africa.

TABLE 5. Expected real returns on asset classes

Local International
Asset Class| Equity | Property | Bonds STl 57 Equity Bonds Cash
Market
Eg;ﬂm 550% @ 450% | 250% | 1.00% | 450% | 150% | 0.50%
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TABLE 6. Covariance matrix for various asset classes

Local International
Equity |Property | Bonds k/l/lgrnlfg; Equity | Bonds | Cash
Local Equity 3.70% | 1.11% | 0.42% -0.01% | 147% | o000 0.29%
Local Property 111% | 3.21% @ 0.59% 0.00% | 0.13% 0'57% 0.62‘V;
Local Bonds 042% | 059% | 0.67% 0.02% | 59106 | 0.34% | 0.45%
k/loacr?('e'tv'o”ey 0019  0:00% | 0.02% 0.01% | 0.00% | 0.00% | 0.00%

International Equity | 1.47% | 0.13% 0.00% | 2.67% | 1.04% @ 1.12%

0.21%

International Bonds 0.00% | 1.04% | 1.73% | 1.68%

0.30% | 0.57% | 0.34%

International Cash 0.00% | 1.12% | 1.68% | 2.03%

0.29% | 0.62% | 0.45%

8. ILLUSTRATIONS TO EXPLAIN THE COMPONENTS OF THE RETIREMENT
INCOME FRONTIER
In order to understand the retirement income frontier, its various components, and how to interpret
the graphs in the later parts of this paper, this section sets out a few sample calculations from the
model and describes them more fully.
8.1 Retirement Income Frontier

8.1.1 Figure 1 sets out the retirement income frontier curve for Member Profile 1 with
an initial income requirement of 6.44% and limiting the retirement income products to living annuities
(at institutional fees) only.
Figure 1: Retirement income frontier: member profile 1, 100% living annuity, institutional fee,

6.44% initial income requirement
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8.1.2 Each point on the graph represents a specific retirement income strategy, with a
specific amount of initial income annuitised as well as a specific asset allocation for the living annuity
component.

8.1.3 Given that, in the example here, we have limited ourselves to living annuities at
institutional fees, the amount of initial income annuitised is zero in all cases and each point effectively
represents a specific asset allocation for the living annuity.

8.14 The points at the bottom of the curve (living annuity portfolios numbered 1 to 4 as
detailed in Appendix A) are portfolios with low allocations to growth assets such as equities and
property, whereas the points at the top of the curve (living annuity portfolios numbered 31 to 40 as
detailed in Appendix A) are portfolios with high growth allocations.

8.1.5 As the asset allocations incorporate larger proportions of growth assets (equities
and property), so does the expected financial reserve. However, a point is reached at which increasing
the proportion of growth assets further results in the expected financial reserve declining. In this graph
the expected financial reserve for living annuity portfolios 35 to 40 is lower than for portfolio 34
(which represents the portfolio with the highest expected financial reserve value).

8.1.6 As growth asset allocations increase, the lifetime spending needs being met first
increases until it reaches an optimal point (corresponding to point 6 in this case) and then starts
reducing.

8.1.7 One can also see in this specific example that the expected financial reserve
remains positive for all of the different investment strategies for this specific member profile and
initial income requirement.

8.1.8 Overall, no living annuity strategy at institutional fees results in the lifetime
spending needs being met being greater than 80.05%.

8.1.9 The point at which lifetime spending needs are maximised has a corresponding
value for the expected financial reserve of 11.55%. This means an expected financial reserve of
R115 500 for an initial retirement capital of R1 million. In other words, this means there is a 50%
chance that, of the initial retirement capital, 11.55% of it will be available on the death of the retiree.
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8.1.10  If used only on their own, living annuity strategies with very high allocations-to-
growth assets are optimal in terms of maximising the expected financial reserve, but are sub-optimal
when the objective is to maximise the potential for meeting lifetime spending needs. Living annuity
strategies with lower allocations-to-growth assets (also only if used on their own) are optimal in terms
of maximising lifetime spending needs.

8.1.11  The point with the highest expected financial reserve for the maximum lifetime
spending needs being met corresponds to a living annuity with allocation-to-growth assets of 18%.

TABLE 7. Asset allocation for investment strategy maximising LSN: Member Profile 1, 100% living
annuity, institutional fee, 6.44% initial income requirement

Objective LA Strategy with Highest LSN
Institutional/Retail Institutional
% of Initial Income Annuitised 0%
% of Portfolio Annuitised 0%
Life Annuity Used None
Living Annuity Portfolio 6
Living Annuity Growth 18%
Allocation
8.2 Expected Financial Reserve upon Death

8.2.1 Figure 2 sets out the contribution of each year in retirement to the overall value of
the expected financial reserve for Member Profiles 1 and 2 for living annuity strategies at institutional
fees and for a 6.44% initial income requirement.

Figure 2: Contribution of each year in retirement to overall value of expected financial reserve:
member profile 1 & 2, 100% living annuity, institutional fee, 6.44% initial income requirement
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8.2.2 In Section 8.1, the living annuity strategy at institutional fees that maximises
lifetime spending needs was identified. This strategy had an expected financial reserve upon death of
11.55%. The expected financial reserve comprises the sum of the 50th percentile of the discounted
total portfolio value in each future year multiplied by the probability of the retiree passing away in
that year. As such, the expected financial reserve upon death of 11.55% is the sum of each point on
the solid line corresponding to the male member in Figure 2. The corresponding expected financial
reserve upon death for the female member is —3.89%.

8.2.3 At each future point, the value of the male contribution to the expected financial
reserve is greater than that of the female member. This is due to:

— Higher male mortality rates resulting in lower amounts being withdrawn from the living annuity.
— Lower female mortality rates resulting in the portfolio values in later years having a higher weight
in the overall calculation of the expected financial reserve.

8.2.4 From around year 20, the contribution to the expected financial reserve is negative
in both instances. This is not because the value of the living annuity portfolio is negative. Instead, it
reflects the point at which the living annuity withdrawal rate reaches the regulated cap of 17.5% in
order to meet the desired income of the individual. Thereafter, the living annuity drawdown rate is
kept at 17.5%, with the result that the amount withdrawn from the living annuity is less than the
desired income of the retiree. The difference between the retiree’s desired income and the income
provided by the living annuity strategy is provided as support by dependants. The present value of
the amounts provided by dependants is then added to the positive amounts provided in the earlier
years to provide an assessment of the relative value of a potential bequest against the value of
providing support to sustain the retiree’s income in later years.

8.2.5 The contribution to the expected financial reserve converges to zero from around
40 years. This is due to the probability that a 65-year-old will die at such an advanced age being very
low compared to the probability of the individual dying in some of the earlier years. As such, a lower
weighing is given to advanced ages.

8.3 Varying the Initial Income Annuitised
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8.3.1 Figure 3 sets out the retirement income frontier curves for Member Profile 1, with
an initial income requirement of 6.44% and with this income annuitised in increments of 5% from
0% to 100%. In total, 21 annuitisation strategies are given (numbered from 1, which corresponds to
a strategy with 0% initial income annuitised, to 21, which corresponds to a strategy with 100% initial
income annuitised). In this illustration, the annuitisation is introduced making use of a with-profit
annuity. Each curve corresponds to a strategy with a specific proportion of initial income annuitised,
with various points along the curve representing different combinations of asset allocations for the
living annuity component of the investment strategy. The curve on the left (numbered 1) corresponds
to a strategy in which 0% of the initial income is annuitised. Points along this curve then comprise
different combinations of asset allocations for the living annuity component, which makes up the
balance of the strategy. The curve on the far right (numbered 21) corresponds to a strategy in which
100% of the initial income requirement is annuitised. Points along this curve then comprise different
combinations of asset allocations for the living annuity component, which makes up the balance of
the strategy.

Figure 3: Retirement income frontiers: member profile 1, 21 combinations of living annuity and
with-profit annuities, institutional fee, 6.44% initial income requirement
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8.3.2 The curve on the left corresponds exactly to the curve in Figure 1 (i.e. full LA
strategy at institutional fees with various asset allocations for Member Profile 1 and an initial income
requirement of 6.44%). As mentioned earlier, each point along this curve represents a specific asset
allocation for the living annuity component of the strategy.

8.3.3 As strategies in which more of the initial income requirement is annuitised are
selected, using a with-profit annuity, the lifetime spending needs being met increases. The maximum
level of spending needs met with strategies using living annuities at institutional fees is 80.05%,
whereas the maximum level of lifetime spending needs being met increases to 96.07% where the full
initial income requirement is annuitised with a with-profit annuity.
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8.3.4 For all investment strategies illustrated for this member profile the expected
financial reserve is positive. The most sustainable living annuity strategy results in lifetime spending
needs being met at 80.05%. The expected financial reserve is 11.55% for this strategy. The strategy
with 100% of the initial income annuitised with a with-profit annuity results in the lifetime spending
needs being at 20.28% (i.e. by annuitising income in this instance, the expected financial reserve is
increased). The dots on each of the 21 curves of Figure 3 correspond to the points for each of those
annuitisation strategies in which the lifetime spending needs being met is maximised for that level of
initial income annuitised. As a greater proportion of initial income is annuitised, the expected
financial reserve increases. In other words, where the objective is to provide a sustainable income,
incrementally annuitising more of the initial income results in a higher level of expected financial
reserve being achieved. In addition, as incrementally more initial income is annuitised, the living
annuity strategies have incrementally more growth assets for the points that maximise lifetime
spending needs. Stated differently, as a greater proportion of initial income is annuitised, a greater
proportion of the living annuity is allocated to growth assets for this member profile and initial income
requirement. For example, where 100% of the initial income is annuitised (curve 21 in Figure 3), the
point on this curve at which the lifetime spending needs being met is maximised corresponds to a
strategy in which the balance in the living annuity has 39% allocated-to-growth assets (compared to
the 18% for curve 1).

8.3.5 The strategies in which the expected financial reserve is maximised for given
levels of initial income annuitised correspond to the points numbered 1 to 21, which appear on the
bold line in Figure 3. These also represent the points with the highest expected financial reserve for
the given level of lifetime spending needs corresponding to that point. As an example, the strategy
with which only living annuities at institutional fees are included is represented by the curve on the
left (numbered 1). The point on this curve at which spending needs met is maximised is 80.05%.
However, one can see that an alternative strategy would result in a similar level of spending needs
met, but with a greater level of expected financial reserve. This alternative strategy, which resides on
the retirement income frontier for a lifetime spending needs being met of 80% (and corresponding to
point 5 on the bold line at the top of the curve) is as follows:

TABLE 8. Asset allocation for the point on the retirement income frontier maximising the expected
financial reserve for a LSNM level of 80%

Obiective Maximise EFR with LSN at
I Least 80%

Institutional/Retail Institutional

% of Initial Income 0

Annuitised 20%

% of Portfolio Annuitised 15%

Life Annuity Used WPA

Living Annuity Portfolio 34

Living Annuity Growth 90%

Allocation

8.3.6  Foreach level of spending needs met, the level of expected financial reserve can be increased
by making use of incrementally more with-profit annuities and, at the same time, increasing the living
annuity strategy so that more growth assets are included. In other words, as more of the initial income
is secured with a with-profit annuity, greater investment risk can be taken on the living annuity
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strategy to increase the expected financial reserve without impacting the level of spending needs met
negatively.

9. FULL RESULTS: MEMBER PROFILE 1

This section sets out the full set of results for Member Profile 1. For the purposes of this section the

following strategies were compared:

— Retail: LA living annuity strategies at retail fees with various asset allocations.

— Institutional: LA and ILA living annuity strategies at institutional fees with various asset
allocations, as well as annuitising initial income in increments of 5% from 0% to 100% using
inflation-linked annuities.

— Institutional: LA and WPA living annuity strategies at institutional fees with various asset
allocations, as well as annuitising initial income in increments of 5% from 0% to 100% using

with-profit annuities.

Figure 4: Retirement income frontiers: member profile 1, combinations of living annuity, with-profit
annuities and inflation-linked annuities, institutional fee and retail fee, 4% initial income requirement
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TABLE 9. Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 4% initial

income requirement
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Retirement | , - Point at -
% of Initial | % of % of . . Living
'”Con."e Income | Portfolio | Portfolio Wh'Ch. SRl Annuity Grovvt_h
Frontier " . . LSNM is EFR 2 | Allocation
Annuitised | in WPA | in LA . Portfolio

Number Maximised
1 0% 0% 100% 97.77% 50.58% 18 45%
2 5.00% 2% 98% 98.14% 50.96% 19 48%
3 10.00% 5% 95% 98.49% 51.87% 22 56%
4 15.00% 7% 93% 98.80% 51.80% 22 56%
5 20.00% 9% 91% 99.08% 51.75% 22 56%
6 25.00% 12% 88% 99.32% 51.69% 22 56%
7 30.00% 14% 86% 99.51% 51.64% 22 56%
8 35.00% 16% 84% 99.67% 51.90% 24 63%
9 40.00% 19% 81% 99.79% 51.67% 23 60%
10 45.00% 21% 79% 99.88% 51.73% 24 63%
11 50.00% 23% 77% 99.94% 51.52% 23 60%
12 55.00% 26% 74% 99.97% 51.55% 24 63%
13 60.00% 28% 72% 99.99% 51.45% 24 63%
14 65.00% 30% 70% 100.00% 51.61% 27 74%
15 70.00% 33% 67% 100.00% 51.40% 26 70%
16 75.00% 35% 65% 100.00% 51.33% 27 74%
17 80.00% 37% 63% 100.00% 51.25% 28 7%
18 85.00% 40% 60% 100.00% 51.23% 36 90%
19 90.00% 42% 58% 100.00% 51.04% 40 90%
20 95.00% 44% 56% 100.00% 50.86% 40 90%
21 100.00% 47% 53% 100.00% 50.68% 40 90%

TABLE 10. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 4% initial
income requirement

R?rt:éﬁmim % of Initial % of % of Point at Corre- Living | Growth
Erontier Income Portfolio | Portfolio |which EFR is| sponding | Annuity | Alloca-
Annuitised | iInWPA | inLA Maximised | LSNM | Portfolio | tion
Number
1 0% 0% 100% 54% 96% 34 90%
2 5% 2% 98% 54% 97% 34 90%
3 10% 5% 95% 54% 97% 34 90%
4 15% 7% 93% 53% 98% 34 90%
5 20% 9% 91% 53% 98% 34 90%
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6 25% 12% 88% 53% 99% 34 90%

7 30% 14% 86% 53% 99% 34 90%

8 35% 16% 84% 53% 99% 34 90%

9 40% 19% 81% 53% 100% 34 90%
10 45% 21% 79% 53% 100% 34 90%
11 50% 23% 7% 52% 100% 34 90%
12 55% 26% 74% 52% 100% 34 90%
13 60% 28% 72% 52% 100% 34 90%
14 65% 30% 70% 52% 100% 34 90%
15 70% 33% 67% 52% 100% 34 90%
16 75% 35% 65% 52% 100% 34 90%
17 80% 37% 63% 51% 100% 34 90%
18 85% 40% 60% 51% 100% 34 90%
19 90% 42% 58% 51% 100% 34 90%
20 95% 44% 56% 51% 100% 33 89%
21 100% 47% 53% 51% 100% 33 89%

TABLE 11. Optimal strategic asset allocation for various objectives: Member Profile 1, 4% initial
income requirement

LA Strate Maximise Maximise Maximise
Obiective | with Hi hg;’t Maximise | Maximise | EFRwith = EFRwith | EFR with
| LSI& LSN EFR LSN at least | LSN at least | LSN at least
90% 80% 70%
gstt;tilljtlonall Institutional | Institutional | Institutional | Institutional | Institutional | Institutional
% of Initial
Income 0% 65% 0% 0% 0% 0%
Annuitised
% of
Portfolio 0% 30% 0% 0% 0% 0%
Annuitised
L|f_e_AnnU|ty None WPA None None None None
Utilised
Living
annuity 18 27 34 34 34 34
portfolio
Living
annuity 45% 74% 90% 90% 90% 90%
growth
allocation
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Figure5: Retirement income frontiers: member profile 1, combinations of living annuity, with-profit
annuities and inflation-linked annuities, institutional fee and retail fee, 6.44% initial income require-

ment
Retirement Income Frontier
Institutional - LA & WP / 0.8% Fee
> T . -&- Institutional - LA & ILA/0.8% Fee
g R R ey were & Retail - LA/ 1.8% Fee
c o | T2
-.E]': __________ Q‘:k J < S 6 7 8
—————— ~ 9
o o - Wy Q21
c 94 ———-*"\“‘\\: ;
c ° SRR
...... —A==1" “rk\
Q (S A IR
) \ g | 1A \j_\\ 5
QO w \ ‘| [ e Ny
> =T \ R R S R
T o ! § 1 Ywdesteipea
[0) | 1 & &% RN
> PoLd TR AR
(0] $ X l! 'I ‘I “ ‘l.—\J-—\::\.
| A o
X o AR L5
— . 1 <
8 " NN EEEEREN
c I RN T SRR ™
o / /AR 7 G R Yool oy
C w oM ap g ok g g ¢ 1o O i
= & | Looifoidocdiii focgii g do @ P QR (K R A5
L o / ,’ / / / ] ,' 1 | =
o / /I / / 4 II ,’ ?¢ \ \‘_‘_\
[0} I/I//"'l?'\l\\_
6 £ /I / ! ¢ $ “| N
® 2 Vbl s o Ko
o L= T A e e il ik R i i - A A A A e R ik iiiédI - iiih}E’Ii i i A L B +—--,'~--¢--- B
-~ LTy
i ®
wn
o
S 4
1
T T T T T T
0.70 0.75 0.80 0.85 0.90 0.95

Lifetime Spending Needs

Table 12. Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 6.44% initial
income requirement

Al % of Initial | % of % of PO"?‘ 2 Corre- Living
Ilzrr]g(n){?eer Income Portfolio | Portfolio L\évm\ilhis sponding | Annuity Aﬁ(r)cc’:\;\;tirc]m
Annuitised | in WPA in LA . EFR Portfolio

Number Maximised
1 0% 0% 100% 80.05% | 11.55% 6 18%
2 5.00% 4% 96% 80.97% | 11.98% 6 18%
3 10.00% 8% 92% 81.87% | 13.22% 7 20%
4 15.00% 11% 89% 82.75% | 13.62% 7 20%
5 20.00% 15% 85% 83.59% | 14.71% 8 22%
6 25.00% 19% 81% 84.40% | 15.69% 9 25%
7 30.00% 23% 77% 85.20% | 16.59% 10 27%
8 35.00% 26% 74% 86.00% | 17.38% 11 29%
9 40.00% 30% 70% 86.79% | 17.10% 10 27%
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10 45.00% 34% 66% 87.59% | 18.25% 12 32%
11 50.00% 38% 62% 88.37% | 18.43% 12 32%
12 55.00% 41% 59% 89.16% | 19.32% 14 36%
13 60.00% 45% 55% 89.94% | 19.42% 14 36%
14 65.00% 49% 51% 90.74% | 19.51% 14 36%
15 70.00% 53% 47% 91.52% | 19.61% 14 36%
16 75.00% 56% 44% 92.28% | 19.71% 14 36%
17 80.00% 60% 40% 93.03% | 19.99% 15 39%
18 85.00% 64% 36% 93.82% | 20.05% 15 39%
19 90.00% 68% 32% 94.59% | 20.13% 15 39%
20 95.00% 71% 29% 95.31% | 20.20% 15 39%
21 100.00% 75% 25% 96.07% | 20.28% 15 39%

TABLE 13. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 6.44% initial
income requirement

Retirement | | o 0 0 Pointat | Corre- o
Income 0 el Tl 1EL a0 Of. & Of. which EFR | spond- L'V"!g Growth
. Income Portfolio | Portfolio : : Annuity .
FUEEs Annuitised | in WPA | inLA 1S 'ng Portfolio HUESETER
Number Maximised | LSNM
1 0% 0% 100% 26% 76% 34 90%
2 5% 4% 96% 26% 77% 34 90%
3 10% 8% 92% 25% 78% 34 90%
4 15% 11% 89% 25% 79% 34 90%
5 20% 15% 85% 25% 80% 34 90%
6 25% 19% 81% 25% 81% 34 90%
7 30% 23% 77% 24% 82% 34 90%
8 35% 26% 74% 24% 83% 34 90%
9 40% 30% 70% 24% 84% 34 90%
10 45% 34% 66% 24% 85% 34 90%
11 50% 38% 62% 23% 86% 34 90%
12 55% 41% 59% 23% 87% 34 90%
13 60% 45% 55% 23% 88% 34 90%
14 65% 49% 51% 23% 89% 34 90%
15 70% 53% 47% 22% 90% 34 90%
16 75% 56% 44% 22% 91% 34 90%
17 80% 60% 40% 22% 92% 34 90%
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18 85% 64% 36% 21% 93% 34 90%
19 90% 68% 32% 21% 94% 34 90%
20 95% 71% 29% 21% 95% 33 89%
21 100% 75% 25% 21% 96% 33 89%

TABLE 14. Optimal strategic asset allocation for various objectives: Member Profile 1, 6.44% initial
income requirement

LA Strate Maximise Maximise Maximise
Obiective  with Hi hggt Maximise | Maximise EFR with EFR with EFR with
I LSI?I LSN EFR LSN at least | LSN at least | LSN at least
90% 80% 70%
gestt;tilljtlonall Institutional | Institutional | Institutional | Institutional | Institutional | Institutional
% of Initial
Income 0% 100% 0% 70% 20% 0%
Annuitised
% of
Portfolio 0% 75% 0% 53% 15% 0%
Annuitised
Life Annuity | oo WPA None WPA WPA None
Used
Living
Annuity 6 15 34 34 34 34
Portfolio
Living
Annuity 0 0 0 0 0 0
Growth 18% 39% 90% 90% 90% 90%
Allocation

Figure 6: Retirement income frontiers: member profile 1, combinations of living annuity, with-profit
annuities and inflation-linked annuities, institutional fee and retail fee, 10 % initial income require-

ment
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TABLE 15 Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 10% initial
income requirement

MGl % of Initial % of % of P0|r}t 2 Corre- Living

Income foli foli which di . Growth

Frontier '”C‘!'T‘e F_’ort Ollo Pprt 010 Lsnmis | 3Ponding Annmt_y Allocation

Number Annuitised | in WPA | inLA Maximised EFR | Portfolio
1 0% 0% 100% 58.58% 41_990/; 3 10%
2 5.00% 6% 94% 59.46% 41_110/; 3 10%
3 10.00% 12% 88% 60.15% 42.280/; 2 7%
4 15.00% 18% 82% 60.81% 41.280/; 2 7%
5 20.00% 23% 77% 61.44% 40_300/; 2 7%
6 25.00% 29% 71% 62.06% 39'31% 2 7%
7 30.00% 35% 65% 62.66% 36.690/; 3 10%
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8 35.00% 41% 59% 63.15% 37.380/; 2 7%
9 40.00% 47% 53% 63.63% 36.39‘% 2 7%
10 45.00% 53% 47% 64.13% 35 42% 2 7%
11 50.00% 58% 42% 64.55% 34_440/; 2 7%
12 55.00% 64% 36% 64.92% 33 470/; 2 7%
13 60.00% 70% 30% 65.30% 32_510/; 2 7%
14 65.00% 76% 24% 65.55% | 4, ¢ 40/; 2 7%
15 70.00% 82% 18% 65.78% 30_570/; 2 7%
16 75.00% 88% 12% 65.94% 28.920/; 3 10%
17 80.00% 93% 7% 66.13% 26.610/; 7 20%
18 85.00% 99% 1% 66.31% 26.290/; 6 18%
19 |Not possible polglsci)éle polglsci)éle Not possible po?sci)éle poI;Is?E)Ie po?sci)éle
20 Not possible po[;Is?E)le po[;Is?E)le Not possible po[:s(i)lgle pozls?éle po?s?lt:)le
21 Not possible po[;Is?E)le po[;Is?E)le Not possible po[:s(i)lgle pozls?éle po?s?lt:)le

TABLE 16. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 1, institutional fees, 10% initial
income requirement

Retirement | | " 0 0 Point at : -

Income AJIOf Initial P Afm;_ p Afm;_ which EFR Cor(;(_a AI\_lvm_g Growth
Frontier ncome -orto 10 grto 10 is Sponcing nnU|t-y Allocation
Annuitised | in WPA in LA .. LSNM | Portfolio

Number Maximised
1 0% 0% 100% -15% 54% 34 90%
2 5% 6% 94% -16% 55% 34 90%
3 10% 12% 88% -16% 56% 34 90%
4 15% 18% 82% -16% 57% 34 90%
5 20% 23% 7% -17% 58% 34 90%
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6 25% 29% 71% -17% 59% 34 90%
7 30% 35% 65% -17% 60% 34 90%
8 35% 41% 59% -18% 60% 34 90%
9 40% 47% 53% -18% 61% 34 90%
10 45% 53% 47% -19% 62% 34 90%
11 50% 58% 42% -19% 63% 34 90%
12 55% 64% 36% -19% 63% 34 90%
13 60% 70% 30% —20% 64% 34 90%
14 65% 76% 24% —20% 65% 34 90%
15 70% 82% 18% —21% 65% 34 90%
16 75% 88% 12% —21% 66% 34 90%
17 80% 93% 7% —21% 66% 34 90%
18 85% 99% 1% —22% 66% 34 90%
19 |Not possible po?sci)éle po?sci)éle Not possible poI;Isci)E)Ie po?sci)éle pol:sci)tble
20 |Not possible po?sci)éle po?sci)éle Not possible poI;Isci)E)Ie po?sci)éle pol:sci)tble
21 [Not possible po[;Is?E)le po[;Is?E)le Not possible pozls?gle po[:s(i)lgle pol:s?tble

TABLE 17. Optimal strategic asset allocation for various objectives: Member Profile 1, 10% initial
income requirement

LA Strate Maximise | Maximise | Maximise
Obiective with hi hgg{ Maximise | Maximise | EFRwith | EFR with | EFR with
J LSIgI LSN EFR LSN at least| LSN at least LSN at least
90% 80% 70%
Instl'gutlonall Institutional | Institutional | Institutional Nc_)t th th
Retail possible possible possible
% of Initial
Income 0% 0% 0% o’:s?:)le ozls(i)tble o’;Is?:)Ie
Annuitised P P P
% of Portfolio 0 0 0 Not Not Not
Annuitised 0% 95% 0% possible possible possible
Life Annuity Not Not Not
Used None WPA None possible possible possible
Living
Annuity 3 1 34 ost?l:EIe ost?l;Ie ost?l:t)Ie
Portfolio P P P
Living 0 0 0 Not Not Not
Annuity 10% 2% 0% possible possible possible
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Growth
Allocation

10.

FULL RESULTS: MEMBER PROFILE 2

Figure 7: Retirement income frontiers : member profile 2, combinations of living annuity, with-
profit annuities and inflation-linked annuities, institutional fee and retail fee, 4% initial income re-
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TABLE 18. Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 4% initial
income requirement

R?rt:égmzm % of Initial | % of % of P\/?/H;Eﬁt Corre- Living Growth
Erontier Income | Portfolio | Portfolio LSNM is spond- | Annuity Allocation
Annuitised | in WPA | in LA . ing EFR | Portfolio
Number Maximised
1 0% 0% 100% 96.51% | 42.04% 18 45%
2 5.00% 3% 97% 96.96% | 42.48% 19 48%
3 10.00% 6% 94% 97.35% | 43.61% 22 56%
4 15.00% 8% 92% 97.77% | 43.47% 22 56%
5 20.00% 11% 89% 98.12% | 43.34% 22 56%
6 25.00% 14% 86% 98.47% | 43.22% 22 56%
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7 30.00% 17% 83% 98.77% | 43.09% 22 56%
8 35.00% 19% 81% 99.04% | 42.95% 22 56%
9 40.00% 22% 78% 99.28% | 43.21% 24 63%
10 45.00% 25% 75% 99.49% | 42.86% 23 60%
11 50.00% 28% 72% 99.65% | 42.88% 24 63%
12 55.00% 31% 69% 99.78% | 42.70% 24 63%
13 60.00% 33% 67% 99.88% | 42.26% 22 56%
14 65.00% 36% 64% 99.94% | 42.24% 23 60%
15 70.00% 39% 61% 99.98% | 42.36% 26 70%
16 75.00% 42% 58% 99.99% | 42.14% 26 70%
17 80.00% 44% 56% 100.00% | 41.92% 26 70%
18 85.00% 47% 53% 100.00% | 41.81% 28 77%
19 90.00% 50% 50% 100.00% | 41.57% 28 7%
20 95.00% 53% 47% 100.00% | 41.40% 35 90%
21 100.00% 56% 44% 100.00% | 41.13% 39 90%

TABLE 19. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 4% initial
income requirement

Retirement = .. 0 0 Point at _ o
Income / [fifel & Of. - Of. which EFR Corr(_e L|V|r!g Growth
Erontier Incqme F_’ortfollo Pgrtfollo i sponding Annwt_y Allocation
Annuitised | in WPA in LA . LSNM | Portfolio
Number Maximised
1 0% 0% 100% 46% 95% 34 90%
2 5% 3% 97% 46% 95% 34 90%
3 10% 6% 94% 46% 96% 34 90%
4 15% 8% 92% 46% 96% 34 90%
5 20% 11% 89% 45% 97% 34 90%
6 25% 14% 86% 45% 97% 34 90%
7 30% 17% 83% 45% 98% 34 90%
8 35% 19% 81% 45% 98% 34 90%
9 40% 22% 78% 44% 99% 34 90%
10 45% 25% 75% 44% 99% 34 90%
11 50% 28% 72% 44% 99% 34 90%
12 55% 31% 69% 44% 100% 34 90%
13 60% 33% 67% 43% 100% 34 90%
14 65% 36% 64% 43% 100% 34 90%
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15 70% 39% 61% 43% 100% 34 90%
16 75% 42% 58% 43% 100% 34 90%
17 80% 44% 56% 42% 100% 34 90%
18 85% 47% 53% 42% 100% 34 90%
19 90% 50% 50% 42% 100% 34 90%
20 95% 53% 47% 41% 100% 33 89%
21 100% 56% 44% 41% 100% 33 89%

TABLE 20. Optimal strategic asset allocation for various objectives: Member Profile 2, 4% initial
income requirement

LA strate Maximise Maximise Maximise
Obiective | with Hi hgzt Maximise | Maximise EFR with EFR with EFR with
I LSI& LSN EFR LSN at least | LSN at least | LSN at least
90% 80% 70%
IF?;t;tillJtlonaI/ Institutional | Institutional | Institutional | Institutional |Institutional |Institutional
% of Initial
Income 0% 80% 0% 0% 0% N/A
Annuitised
% of
Portfolio 0% 44% 0% 0% 0% N/A
Annuitised
Lite Annuity None WPA None None None N/A
Used
Living
Annuity 18 26 34 34 34 34
portfolio
Living
Annuity 0 0 0 0 0 0
Growth 45% 70% 90% 90% 90% 90%
Allocation

Figure 8: Retirement income frontiers: member profile 2, combinations of living annuity, with-profit
annuities and inflation-linked annuities, institutional fee and retail fee, 6.44% initial income require-

ment
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TABLE 21. Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 6.44% initial
income requirement

MGl % of Initial % of % of P0|r}t 2 Corre- | Living
Income | Portfolio | Portfoli which d | Annuit Growth
Frontier fcome ~Ortiolio | Fortiolio LSNM is Spon nnuity Allocation
Annuitised | in WPA | inLA . ing EFR | Portfolio
Number Maximised
0 0 0 0 B 0
1 0% 0% 100% 75.20% 3.89% 7 20%
0 0 0 0 B 0
2 5.00% 4% 96% 75.91% 4.57% 6 18%
0 0 0 0 B 0
3 10.00% 9% 91% 76.60% 3.02% 7 20%
0 0 0 0 o 0
4 15.00% 13% 87% 77.26% 1.62% 8 22%
0 0 0 0 B 0
5 20.00% 18% 82% 77.89% 2 14% 7 20%
0 0 0 0 B 0
6 25.00% 22% 78% 78.51% 0.85% 8 22%
30.00% 27% 73% 79.11% 0.31% 9 25%
8 35.00% 31% 69% 79.72% 1.33% 10 27%
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9 40.00% 36% 64% 80.32% 2.23% 11 29%
10 45.00% 40% 60% 80.84% 1.83% 10 27%
11 50.00% 45% 55% 81.36% 1.50% 9 25%
12 55.00% 49% 51% 81.88% 2.82% 11 29%
13 60.00% 54% 46% 82.41% 3.00% 11 29%
14 65.00% 58% 42% 82.96% 3.58% 12 32%
15 70.00% 63% 37% 83.45% 3.02% 10 27%
16 75.00% 67% 33% 83.91% 3.86% 12 32%
17 80.00% 72% 28% 84.40% 4.48% 14 36%
18 85.00% 76% 24% 84.82% 4.33% 13 34%
19 90.00% 81% 19% 85.23% 4.58% 14 36%
20 95.00% 85% 15% 85.55% 4.64% 14 36%
21 100.00% 89% 11% 85.84% 4.71% 14 36%

TABLE 22. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 6.44% initial
income requirement

Retirement | o 0 0 Pointat | Corre- -
Income i@ Ltk i Of. i Of. which EFR | spond- L'V"!g Growth
Fronti Income Portfolio | Portfolio . : Annuity :
rontier Annuitised | in WPA | inLA 1S g Portfolio gl el
Number Maximised | LSNM
1 0% 0% 100% 14% 71% 34 90%
2 5% 4% 96% 13% 72% 34 90%
3 10% 9% 91% 13% 73% 34 90%
4 15% 13% 87% 12% 73% 34 90%
5 20% 18% 82% 12% 74% 34 90%
6 25% 22% 78% 12% 75% 34 90%
7 30% 27% 73% 11% 76% 34 90%
8 35% 31% 69% 11% 77% 34 90%
9 40% 36% 64% 10% 78% 34 90%
10 45% 40% 60% 10% 78% 34 90%
11 50% 45% 55% 10% 79% 34 90%
12 55% 49% 51% 9% 80% 34 90%
13 60% 54% 46% 9% 81% 34 90%
14 65% 58% 42% 8% 81% 34 90%
15 70% 63% 37% 8% 82% 34 90%
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16 75% 67% 33% 8% 83% 34 90%
17 80% 2% 28% 7% 83% 34 90%
18 85% 76% 24% 7% 84% 34 90%
19 90% 81% 19% 6% 85% 34 90%
20 95% 85% 15% 6% 85% 33 89%
21 100% 89% 11% 5% 86% 33 89%

TABLE 23. Optimal strategic asset allocation for various objectives: Member Profile 2, 6.44% initial
income requirement

LA Strate Maximise | Maximise Maximise
Obiective | with Hi hgg’t Maximise = Maximise | EFRwith | EFRwith | EFR with
! LSl\gl LSN EFR LSN at LSN at least | LSN at least

least 90% 80% 70%

Inst|t_ut|onaI/ Institutional | Institutional | Institutional N(.)t Institutional | Institutional

Retail possible

% of Initial Not

Income 0% 100% 0% ossible 55% 0%

Annuitised P

% of Not

Portfolio 0% 89% 0% ossible 49% 0%

Annuitised P

Life Annuity None WPA None th None None

Used possible

Living

Annuity 7 14 34 R 34 34

Portfolio P

Living

Annuity 0 0 0 Not 0 0

Growth 20% 36% 90% nossible 90% 90%

Allocation

Figure 9: Retirement income frontiers: member profile 2, combinations of living annuity, with-profit
annuities and inflation-linked annuities, institutional fee and retail fee, 10% initial income require-

ment
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TABLE 24. Summary of strategies for points on the retirement income frontier that maximise LSN for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 10% initial
income requirement

MGl % of Initial | % of % of P0|r]t 2 Corre- Living

Income foli foli which di . Growth

Frontier '”C‘?”?e F_’ort Ollo Pprt 010 Lsnmis | SPonding Annun_y Allocation

Number Annuitised | in WPA | inLA Maximised EFR Portfolio
1 0% 0% 100% 53.37% 69.330/; 3 10%
2 5.00% 7% 93% 53.88% 68.290/; 3 10%
3 10.00% 14% 86% 54.26% 70_020/; 2 7%
4 15.00% 21% 79% 54.60% 68.830/; 2 7%
5 20.00% 28% 72% 54.92% 67 660/; 2 7%
6 25.00% 35% 65% 55.07% 66.50<V; 2 7%
7 30.00% 42% 58% 55.25% 65.360/; 2 7%
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8 35.00% | 49% | 51% 55.35% | o a0 3 10%
9 4000% | 56% | 44% 55.02% | s oo 2 7%
10 45.00% | 63% | 37% 55.02% | o1 0o 2 7%
1 50.00% | 69% | 31% 55.30% | o0 e 2 7%
12 55.00% | 76% | 24% 55.25% | ¢ oo 2 7%
13 60.00% = 83% | 17% 55.14% | co 1cor 2 7%
14 65.00% = 90% | 10% 55.01% | cc 100 3 10%
15 70.00% | 97% 3% 54.80% | 4o o0 | 13 34%
16 |Not possible glé)s,tsible glcic,tsible Not possible glcf;tsible pNé)stsible Ec?stsible
17 [Not possible glé)s,tsible glcic,tsible Not possible glcf;tsible pNé)stsible Ec?stsible
18 /Not possible gloostsible ggsible Not possible gc?stsible chg);sibIe gl(;)stsible
19 [Not possible gloostsible ggsible Not possible gc?stsible chg);sibIe gl(;)stsible
20 |Not possible glgstsible glcgsible Not possible glcgsible glcfstsible g;)stsible
21 |Not possible glgstsible glcgsible Not possible glcgsible glcfstsible g;)stsible

TABLE 25. Summary of strategies for points on the retirement income frontier that maximise EFR for
a given percentage of initial income annuitised: Member Profile 2, institutional fees, 10% initial
income requirement

U | orial | opar | ot | PO SO g |
Frontier fcome I?ortfollo P‘.)rth“O is ing Annun.y Allocation
Number Annuitised | in WPA | in LA Maximised | LSNM Portfolio
1 0% 0% 100% -34% 49% 34 90%
2 5% 7% 93% -35% 49% 34 90%
3 10% 14% 86% —-35% 50% 34 90%
4 15% 21% 79% —-36% 51% 34 90%
5 20% 28% 72% -37% 51% 34 90%
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6 25% 35% 65% -37% 52% 34 90%
7 30% 42% 58% -38% 53% 34 90%
8 35% 49% 51% -38% 53% 34 90%
9 40% 56% 44% -39% 53% 34 90%
10 45% 63% 37% —40% 54% 34 90%
11 50% 69% 31% —40% 54% 34 90%
12 55% 76% 24% —41% 54% 34 90%
13 60% 83% 17% —42% 55% 34 90%
14 65% 90% 10% —42% 55% 34 90%
15 70% 97% 3% —43% 55% 34 90%
. Not Not . Not Not Not
16 Not possible possible | possible Not possible possible | possible | possible
. Not Not . Not Not Not
17 Not possible possible | possible Not possible possible | possible | possible
. Not Not . Not Not Not
18/ Notpossible possible | possible Not possible possible | possible | possible
. Not Not . Not Not Not
19/ Not possible possible | possible Not possible possible | possible | possible
. Not Not . Not Not Not
20 Not possible possible | possible Not possible possible | possible | possible
. Not Not . Not Not Not
21 Not possible possible | possible Not possible possible | possible | possible

TABLE 26. Optimal strategic asset allocation for various objectives: Member Profile 2, 10% initial
income requirement

LA Strate Maximise Maximise Maximise
Obiective | with Hi hgs)./t Maximise | Maximise EFR with EFR with EFR with
! LSI?I LSN EFR LSN at least | LSN at least | LSN at least
90% 80% 70%
glsfégl:tlonall Institutional | Institutional | Institutional | Institutional | Institutional | Institutional
% of Initial
Income 0% 40% 0% Not possible | Not possible | Not possible
Annuitised
% of
Portfolio 0% 56% 0% Not possible | Not possible | Not possible
Annuitised
IIJ-;iI‘I?SZZHUIty None WPA None Not possible | Not possible | Not possible
Living 3 2 34 Not possible | Not possible | Not possible
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annuity
portfolio

Living
annuity
growth
allocation

10% 7% 90% | Not possible | Not possible | Not possible

11. DISCUSSION OF RESULTS
111 Living annuities with fees at retail rates, as opposed to group-negotiated institutional rates,
do not maximise lifetime spending needs or expected financial reserve.

11.1.1  Living annuities where fees are negotiated by an individual at retail rates were
found to be the least optimal of all strategies when aiming either to maximise lifetime spending needs
or to maximise expected financial reserves upon death.

11.1.2  Living annuities were found to improve both the lifetime spending needs and
expected financial reserve for the same asset allocation. Even if the constraints imposed by South
African regulations on retirement funds were to be removed, this would not have made any difference
to our findings, since more aggressive strategies do not maximise lifetime spending needs and, as
noted in a previous section, beyond a certain point more aggressive strategies start showing reduced
expected financial reserve levels.

11.1.3  For the same or higher level of lifetime spending needs, a more aggressive
investment strategy could be followed with an institutionally priced living annuity, which would also
result in a greater expected financial reserve.

11.2  With-profit annuities provide more favourable results than inflation-linked annuities when
annuitising.

11.2.1  Introducing life annuities into post-retirement investment strategies significantly
improves the levels of lifetime spending needs being met for given levels of expected financial reserve
upon death. The introduction of with-profit annuities was found to be more favourable than using
inflation-linked annuities. Strategies incorporating with-profit annuities were found to appear on the
retirement income frontier for the vast majority of combinations of living and life annuity strategies
across all member profiles.

11.3 Sustainability of Living Annuity Drawdown Rates

11.3.1  Aninitial drawdown rate of 4% was found to be sustainable for single males and
single females aged 65 years (considered to be an LSN of 90% or more met), whether retail or
institutionally priced living annuities are used. For higher ages, a higher drawdown rate would be
sustainable and for lower ages a lower drawdown rate would be sustainable.

11.3.2  An initial drawdown rate of 6.44%, corresponding to the current average
drawdown rate of living annuities in the South African market, was found to be unsustainable for
single males and single females aged 65 years (considered to be an LSN less than 90%), irrespective
of whether a retail or institutionally priced annuity is used. In order to achieve greater lifetime
spending needs being met for these initial income requirements, strategies that annuitise the initial
income requirements with a with-profit annuity improve sustainability substantially. For a male
member, at least 53% of the portfolio would need to be annuitised using a with-profit annuity in order
to ensure that at least 90% of lifetime spending needs are met. No strategy for the female member
results in at least 90% lifetime spending needs being met. However, by annuitising 55% of the
portfolio, a lifetime spending needs being met level of at least 80% can be achieved.

11.4 Higher drawdown rates result in greater reliance on support from dependants.

11.4.1 At higher initial income requirements, the expected financial reserve value is
negative. This applies to all possible strategies for males and females with a 10% initial income
requirement. It also applies to a large number of the strategies available to female members aged 65
years, in particular for living annuities at retail fees. In these instances, either the pensioner would
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need to reduce their income requirements or realise the extent to which their family is expected to
provide support into retirement.

11.4.2  The value of the income support dependants would need to provide is significant,
in particular for higher drawdown rates. As an example, for the female member aged 65 years with a
10% initial income requirement, the value of support provided by dependants ranges from 34% to
100% of initial retirement capital. For female members aged 65 years with a 6.44% initial income
requirement, the value of support required ranges from 0% to 30%.

11.5  Use of life annuities to improve expected financial reserve, reduce reliance on dependants
and improve legacy potential.

11.5.1 As a greater proportion of initial income is annuitised, the expected financial
reserve increases. In other words, where the objective is to provide a sustainable income, a higher
level of expected financial reserve is achieved by incrementally annuitising more of the initial income.
This is an important finding, since much of the current thinking in the industry is that allocating 100%
of accumulated capital to living annuities is the best way to provide a bequest for dependants.
However, as the results show, a greater expected financial reserve can be achieved by incrementally
making use of with-profit annuities, thus improving the legacy potential. In certain scenarios, the
expected financial reserve is also increased from a negative value into a positive value by annuitising
incrementally. Annuitising is therefore important not just to enhance lifetime spending needs, but also
to protect dependants from providing costly support to pensioners later in life.

11.5.2  For each level of spending needs met, the level of expected financial reserve can
be increased by increasing the allocation to with-profit annuities and, at the same time, increasing the
allocation-to-growth assets within the the living annuity strategy. In other words, as more of the initial
income is secured with a with-profit annuity, greater investment risk can be taken on the living
annuity strategy to increase the expected financial reserve without impacting on the level of spending
needs met negatively.

11.5.3 A with-profit annuity targeting inflation has an initial effective drawdown rate at
age 65 of about 7.2% for a single female aged 65 years and 8.6% for a single male aged 65 years. The
results of our analysis demonstrate that this makes it an important and useful asset class, which
provides a return of income for life for individuals who have initial income requirements approaching
those levels. It is also an important asset class for lower levels of income requirements as it increases
the expected financial reserve and allows for more growth assets to be included in the living annuity
strategies.

11.6  Optimal Living Annuity Asset Allocations

11.6.1  If used only on their own, living annuity strategies with very high allocations to
growth assets are optimal in terms of maximising the expected financial reserve, but are sub-optimal
when the objective is to maximise the need to meet lifetime spending needs. Living annuity strategies
with lower allocations to growth assets (again, if used only on their own) are optimal in terms of
maximising lifetime spending needs.

11.6.2 As initial income requirements increase, more conservative asset allocations
maximise lifetime spending needs. Hence, an inverse relationship appears to exist between initial
income requirements and the level of risk at which the investment strategy is optimised. This is
attributable to sequence-of-returns risk playing a greater role as drawdown rates increase.

11.6.3  Where guaranteed life annuities are introduced in combination with a living
annuity, more aggressive asset allocations need to be made in the living annuity component in order
to maximise lifetime spending needs. More aggressive strategies can therefore be afforded as an
increasing amount of initial capital is invested in guaranteed life annuities.

11.7 Investing a portion of initial capital in guaranteed life annuities improves Lifetime
Financial Spending Needs Being Met

11.7.1  Introducing life annuities into post-retirement investment strategies significantly
improves the sustainability of most strategies for given levels of expected financial reserve upon
death.

11.7.2  The introduction of with-profit annuities is more favourable than using inflation-
linked annuities, with lifetime spending needs being met being reasonably similar for the two types
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of annuities, but with the expected financial reserve upon death being significantly higher when using
with-profit annuities.

11.7.3  Blended strategies combining living and life annuities were found to be the most
optimal when balancing the objectives of lifetime spending needs and expected financial reserve upon
death.

11.7.4  The strategies that maximise lifetime spending needs are those with a high
proportion of the initial income requirement provided by a guaranteed life annuity. By increasing
the initial income provided by a guaranteed life annuity, it was found that higher lifetime spending
needs are met, but only up to a point. A point is reached at which having some assets invested in a
living annuity allows for improved lifetime spending needs being met. For higher initial income
requirements, guaranteed life annuities therefore improve lifetime spending needs but up to a point,
but after that, investing further capital in guaranteed life annuities becomes sub-optimal.

12. LIMITATIONS

12.1 Mortality assumptions are based on age and gender and do not take other individual factors
into account (for example, health, socio-economic status etc.). Further work can be done on the
implications of this and to enhance the model further.

12.2  The mortality assumptions used are deterministic. This could be addressed by incorporating
stochastic mortality assumptions. It is expected that this could provide further insight into the value
of inflation-linked annuities, which comprise the ‘risk free” asset class that reduces both investment
and mortality risk at retirement. However, given the large difference between the with-profit and
inflation-linked annuity results, it is anticipated that a significant difference between actual and
assumed mortality would need to be experienced before inflation-linked annuities could provide
better value in terms of the framework.

12.3  The simulation model essentially operationalises a utility-based approach to converting
savings into income by weighting the results of the lifetime spending needs by the probability of
survival. This may, however, result in insufficient protection for longevity at more advanced ages as
the model favours income in the earlier years of retirement compared to income in the more advanced
years in retirement in cases in which retirement capital is limited. That said, it must be recognised
that individuals generally have limited resources available. A utility-based approach is considered the
best way to ensure that an individual’s available resources can be appropriately prioritised when
converting capital to income. More work can be done to address and explore this.

12.4 In creating the model, we did not run simulations for with-profit annuities at lower post-
retirement interest rates. More work can be undertaken in this area since this may improve lifetime
spending needs being met for individuals with higher initial income requirements.

125 Further work can also be done to include a broader set of retirement income products,
including deferred annuities.

12.6 The model makes use of a specific smoothing formula for the with-profits annuity, but other
formulas can also be used. It was felt, given that the 10th percentile outcomes of the lifetime spending
needs being met are measured, that this may not make a significant difference for our purposes.
However, this is an area that requires further work to determine if different with-profit formulae may
lead to significantly different lifetime spending needs being met or expected financial reserves upon
death.

12.7 The desired income and breadline income were assumed to be equal. This was to simplify
the process in practice, given that it may be a difficult or highly subjective process for individuals to
determine a minimum level of income. Further work can be done on this in order to introduce certain
minimum income requirements and the impact thereof on the results.

12.8 The simulations are sensitive to the assumptions used. Alternative assumption sets can be
used to determine their impact. However, we do not believe that the overall findings and insights
would be impacted materially. We also ensured that the key assumptions are broadly aligned to those
currently being used by practitioners. Further work can be done to test the sensitivity of the results in
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more detail.

13. PRACTICAL USE OF THE OUT-FROM-RETIREMENT INCOME FRONTIER
MODEL
13.1  Advisors and Automated Advice-Giving Platforms

13.1.1  The framework set out in this paper can be used by advisors and automated advice-
giving platforms to recommend an appropriate investment strategy at retirement.

13.1.2  Client data, together with clients’ relative preference of lifetime spending needs
and the level of expected financial reserve upon death being targeted, can be inputted into the model.
With input from the individual, the advisor can select from various goals, ranging from maximising
lifetime spending needs to maximising expected financial reserve.

13.1.3  The output from the model then provides an investment strategy, setting out the
proportions to allocate to life annuities and the proportions to allocate to living annuities, as well as
the asset allocation of the living annuity component.

13.1.4  Advisors can then apply these results to implement the strategy using appropriate
annuity and living annuity products. The individual’s plan can be reviewed annually, with the results
of the model being updated and by taking into account the latest individual circumstances,
assumptions, and retirement income products available.

13.2 Employee Benefit Advisors and Retirement Fund Trustees When Setting Default Annuity
Strategies

13.2.1  The framework set out in this paper can be used by employee benefit advisors and
retirement fund trustees when designing the default annuity strategies used by retirement funds.

13.2.2  Inthe same way as funds make use of an asset-liability modelling to determine the
strategic asset allocation for the pre-retirement strategy, the retirement income frontier can be used to
determine the strategic asset allocation for the default annuity strategy.

13.2.3  Trustees can then apply these results to implement the strategy using appropriate
annuity and living annuity products. The default annuity strategy can be reviewed from time to time,
with the results of the model being updated to take into account the latest membership data,
assumptions, and retirement income products available on a group basis.

13.2.4  Given that optimal retirement income strategies vary depending on whether the
focus is on income sustainability or liquidity for financial shocks or bequests, it follows that, when
constructing default strategies at retirement, the trustees of the retirement fund need to set out the
objectives of the default clearly. This includes deciding on the relative importance of providing
sustainable income as well as liquidity for shock events or bequests.

14 CONCLUSION

14.1 Given the dominance of defined contribution pension provision in South Africa, the majority
of retirees are faced with the complex decision of how to convert their accumulated retirement capital
into income at retirement. The majority of individuals convert their savings into income using living
annuities. This is a result of current approaches based on ‘investment framing’. As such, the industry
is geared more toward advising individuals on the optimal living annuity investment rather than on
the optimal overall consumption strategy, which could include life annuities as a portion of the
strategy or for the entire strategy. In general, strategies combining living and life annuity components
are rarely recommended and implemented by advisors, nor are strategies to fully annuitise.

14.2  This paper puts forward a practical framework and model that can assist in improving
decision-making when converting savings into an income at retirement. The framework introduces a
‘consumption framing’ approach, whereby appropriate mental models are created to enable
individuals to make a trade-off between their main objectives at retirement. Based on an individual’s
circumstances, including his or her preference for providing for lifetime spending needs or providing
for liquidity and/or an inheritance for heirs, the optimal investment strategy at retirement is
recommended. This includes the appropriate proportions between living annuities and life annuities,
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as well as the asset allocation for the living annuity component.

14.3  The framework and model can be used by advisors and automated advice-giving platforms
to recommend optimal investment strategies at retirement to individual retirees, depending on given
and relative preferences. It can also be used by benefit consultants and trustees when deciding on the
design of the default annuity strategy endorsed by retirement funds for their members.

14.4 It is therefore anticipated that the model and its application have significant implications for
how advice is provided to individuals when converting accumulated savings into income at retirement
and would lead to improved draw-down decisions by individuals.
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APPENDIX A
Table A.1 sets out the detailed asset allocation for each of the 40 living annuity portfolios included
in the simulation model.

TABLE A.1. Living annuity portfolio asset allocation

Portfolio Loc_al Local | Local I\Iﬁgﬁzly Interna’gional International | International Totgl Total
Equity | Property | Bonds Market Equity Bonds Cash Equity | Growth

1 0.74% | 0.95% | 0.37% | 96.24% 0.66% 1.04% 0.00% | 1.40% | 2.35%

2 1.59% | 2.23% | 4.90% | 86.53% 3.13% 1.62% 0.00% | 4.72% | 6.95%

3 2.22% | 3.19% | 8.30% | 79.25% 4.99% 2.06% 0.00% | 7.21% | 10.40%

4 2.64% | 3.83% |10.56% | 74.39% 6.22% 2.35% 0.00% | 8.87% | 12.70%

5 3.17% | 4.63% |13.39% | 68.32% 7.77% 2.71% 0.00% | 10.94% | 15.57%

6 359% | 5.27% |15.66% | 63.47% 9.01% 3.00% 0.00% | 12.60% | 17.87%

7 4.02% | 5.91% |17.93% | 58.61% 10.24% 3.29% 0.00% | 14.26% |20.17%




43

8 4.44% | 6.55% |20.19% | 53.76% 11.48% 3.58% 0.00% | 15.92% | 22.47%

9 4.86% | 7.19% |22.46% | 48.90% 12.72% 3.88% 0.00% |17.58% |24.76%
10 528% | 7.83% |24.72% | 44.05% 13.95% 4.17% 0.00% |19.23% | 27.06%
11 5.70% | 8.47% |26.99% | 39.19% 15.19% 4.46% 0.00% | 20.89% | 29.36%
12 6.13% | 9.11% |29.26% | 34.34% 16.43% 4.75% 0.00% | 22.55% | 31.66%
13 6.55% | 9.75% |31.52% | 29.48% 17.66% 5.04% 0.00% |24.21% | 33.96%
14 6.97% | 10.39% |33.79% | 24.63% 18.90% 5.33% 0.00% |25.87% | 36.26%
15 7.64% | 11.06% |35.88% | 20.42% 19.94% 5.06% 0.00% | 27.58% | 38.64%
16 8.55% | 11.78% |37.79% | 16.88% 20.77% 4.23% 0.00% | 29.33% | 41.11%
17 9.47% | 12.50% |39.70% | 13.33% 21.61% 3.39% 0.00% |31.08% |43.58%
18 |10.15% | 13.04% |41.13% | 10.67% 22.24% 2.76% 0.00% |32.39% |45.43%
19 |11.07% | 13.76% |43.04% | 7.13% 23.07% 1.93% 0.00% | 34.14% | 47.91%
20 | 11.98% | 14.48% |44.95% | 3.58% 23.91% 1.09% 0.00% | 35.90% | 50.38%
21  |12.67% | 15.02% |46.39% | 0.92% 24.54% 0.46% 0.00% |37.21% | 52.23%
22 |14.71% | 16.58% |43.71% | 0.00% 25.00% 0.00% 0.00% |39.71% | 56.29%
23 | 16.73% | 18.05% |40.22% | 0.00% 25.00% 0.00% 0.00% | 41.73% | 59.78%
24 | 18.76% | 19.52% |36.72% | 0.00% 25.00% 0.00% 0.00% | 43.76% | 63.28%
25 [20.78% | 20.99% |33.23% | 0.00% 25.00% 0.00% 0.00% |45.78% | 66.77%
26 | 22.80% | 22.46% |29.74% | 0.00% 25.00% 0.00% 0.00% |47.80% | 70.26%
27 | 24.82% | 23.93% |26.24% | 0.00% 25.00% 0.00% 0.00% | 49.82% | 73.76%
28 | 27.11% | 25.00% |22.89% | 0.00% 25.00% 0.00% 0.00% |52.11% | 77.11%
29 29.12% | 25.00% |20.88% | 0.00% 25.00% 0.00% 0.00% |54.12% | 79.12%
30 |32.12% | 25.00% |17.88% | 0.00% 25.00% 0.00% 0.00% | 57.12% | 82.12%
31 | 35.12% | 25.00% |14.88% | 0.00% 25.00% 0.00% 0.00% | 60.12% | 85.12%
32 | 37.12% | 25.00% |12.88% | 0.00% 25.00% 0.00% 0.00% |62.12% | 87.12%
33 [39.12% | 25.00% |10.88% | 0.00% 25.00% 0.00% 0.00% |64.12% |89.12%
34 | 43.38% | 22.44% |10.00% | 0.00% 24.19% 0.00% 0.00% | 67.56% | 90.00%
35 |46.38% | 21.27% |10.00% | 0.00% 22.35% 0.00% 0.00% | 68.73% | 90.00%
36 [52.39% | 18.94% |10.00% | 0.00% 18.67% 0.00% 0.00% | 71.06% | 90.00%
37 |55.39% | 17.77% |10.00% | 0.00% 16.84% 0.00% 0.00% |72.23% | 90.00%
38 |58.39% | 16.61% |10.00% | 0.00% 15.00% 0.00% 0.00% | 73.39% | 90.00%
39 |61.39% | 15.44% |10.00% | 0.00% 13.16% 0.00% 0.00% | 74.56% | 90.00%
40 | 67.40% | 15.00% |10.00% | 0.00% 7.60% 0.00% 0.00% | 75.00% | 90.00%




