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Abstract  

 

As the most influential factor driving investment performance, asset allocation has 

received a considerable amount of attention from researchers since the introduction of 

the mean variance framework by Markowitz; however, as far as is known, there has 

been little agreement on asset allocation for multi-period long-term investors. 

Therefore, this doctoral research investigates the performance of long-term 

investment over major asset classes and explores some issues in terms of asset 

allocation for individual retirement plan participants from an international 

prospective.   

 

The first essay investigates the relative performance of stocks, long-term government 

bonds and treasury bills for various investment horizons across seventeen nations and 

considers whether or not investment risk decreases over time, i.e. whether or not the 

notion of time diversification is valid. It was observed that investment outcomes at 

short horizons were quite different from outcomes at longer horizons and investment 

outcomes are different with the different asset classes. The results indicate that the 

benefits of time diversification are apparent for stocks as evidenced by the reduction 

of investment risk over longer holding periods. The diminishing relative riskiness of 

stocks over bills/bonds with investment horizon implies that equity weights in optimal 

asset allocation should depend on investment horizon. Therefore, the conventional 

wisdom of increasing equity exposure with an increasing investment horizon is 

strongly supported. 

 

Drawing on the results of the previous study, the second essay examines the asset 

allocation strategies of individual retirement participants and investigates the lifecycle 

investment strategy that is most widely used in DC pension plans. The conventional 

lifecycle strategies are shown to underperform the alternative buy and hold strategies. 

Furthermore, two dynamic lifecycle asset allocation strategies, which incorporate 



4 
 

performance feedback, are introduced, and these are found to be responsive to past 

performances of stock returns or portfolios, with more superior wealth outcomes than 

the conventional lifecycle strategy, which is currently most commonly used. 

 

The final study extends the previous study by using various savings rates and varying 

investment horizons rather than fixed numbers. In addition, since most previous 

research on pension investment completely ignores tax, this study examines the tax 

effect on retirement outcomes over various tax regimes. The results indicate that a 

relatively shorter savings period and a lower savings rate significantly reduce the 

probability of achieving the target retirement income. Additionally, investment 

strategies for a relatively shorter investment period are crucial for the success of 

retirement planning because of the huge differences in the success rates of various 

strategies. Moreover, countries that apply an EET tax regime have less significant 

reduction in success rates than those that operate an ETT or TTT tax regime. Thus, 

retirement participants in countries with an EET regime have more incentive to invest 

their savings in pension funds and countries under other tax regimes need to 

contribute more to achieve their target retirement wealth outcomes. 
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Chapter 1 

Introduction 

 

1.1 Background 

 

An ever increasing aging population is a growing concern for most industrial 

countries today, with depressed birth rates and rising longevity being the major issues. 

According to World Population Aging (United Nations, 2009), the proportion of 

elderly people (aged 60 or more) has risen steadily from 8 percent in 1950 to 11 

percent in 2009, and is expected to reach 22 percent in 2050, continuing to rise as 

long as old-age mortality continues to decline and fertility remains low. More than a 

fifth of the population in more developed regions is currently aged 60 or more and 

almost a third of the population in these regions will be in that age group by 2050. 

 

The growing number of elderly people is placing a considerable amount of pressure 

on social security retirement programmes. The dramatic increase in the percentage of 

the population below pension age in recent years has motivated pension-related 

researchers to focus on the implementation of better investment programmes. This 

rising cost of pension and health benefits is threatening governments’ ability to 

finance them; therefore, future retirees are expected to build their retirement income 

through private retirement plans rather than a pay-as-you-go defined benefit (DB) 

system. Such private retirement plans are also known as defined contribution (DC) 

plans, in which the participants decide how much to contribute (up to a legal 

maximum limit) and how to invest their contributions including how their employer 

might invest on their behalf. Thus, DC plans give the participants more control over 

the investment of their assets, and the benefits they receive at retirement depend on 

their own investment decisions. 
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There has been a global trend of shifting from a DB system to DC plans over the last 

two decades. Schwarz and Kunt (1999) investigated pension reforms around the world 

and found that Australia, Denmark and Switzerland were moving from a DB system 

to an employer-sponsored DC system, and Sweden was using a national DC system. 

According to the Australian Prudential Regulation Authority (APRA, 2005), nine out 

of ten employees in Australia are members of DC plans. Poterba, Rauh, Venti and 

Wise (1999) indicate the growing importance of DC plans, such as the 401(k) plan in 

the USA, while in the UK, there were more active members in private DC plans than 

private DB plans for the first time in 2006 (Office of National Statistics, 2008). The 

UK government has made changes to encourage people to save for retirement, and the 

Pension Act 2008 introduced new duties for employers to provide a workforce 

pension scheme for most workers. Many workers will need to be automatically 

enrolled in a pension scheme known as “automatic enrolment”beginning in 

October 2012. The National Employment Savings Trust (NEST) is one of the default 

options for the new pension scheme recommended by the Department for Work and 

Pensions (DWP). Other examples of DC pension plans include the Reister Plan in 

Germany, the Superannuation Guarantee in Australia, Registered Retirement Savings 

Plans in Canada, the Special Pension (SP) savings scheme in Denmark and the 

Premium Pension Plan in Sweden. 

 

The key issue for the shift to DC plans is that the participants bear all the investment 

risk, whereas DB plans guaranteed a retirement income. Participants’ decision to 

invest in a DC plan commonly involves selecting an asset allocation strategy for 

investing the plan contributions. Such a strategy involves deciding how to allocate 

capital between different asset classes such as stocks, bonds, bills, and other 

alternative assets, and most countries’ retirement plans provide a default investment 

strategy for participants who fail to choose their own. The asset allocation decisions 

made by the retirement participants or plan sponsors have a significant impact on the 

outcome of their financial position at retirement. Such decisions involve the choice of 
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asset allocation strategies, investment horizons, plan contribution rates, etc. The asset 

allocation strategies commonly used and suggested by finance literature, the impact of 

investment horizons and plan contribution rates over retirement planning constitute 

the main points of investigation in this doctoral research.  

 

 

1.2 Motivation  

 

The level of individuals’ ability to consume during their retirement depends on the 

financial position of their retirement portfolio at the time they retire. The value of the 

retirement portfolio determines how much they are able to spend to replace their pre-

retirement income. Ignoring taxes and transaction costs, the accumulated value of a 

retirement portfolio mainly depends on three factors: (i) investment horizon, i.e. 

holding period; (ii) contribution rate and (iii) investment returns on the accumulated 

contributions. Since retirement participants normally have a long-term investment 

horizon, such as 30 years, the risk and return trade-offs of the major asset classes over 

such a long holding period are crucial for retirement planning. The theory of time 

diversification implies the relationship between the portfolio weights of a particular 

asset class and the investment horizon; therefore, the validity of the time 

diversification effect across major asset classes is crucial for retirement planning. 

Time diversification is the belief that stocks are less risky over long-term investment 

horizons than short investment horizons. Since the investment risk over a long 

horizon may differ from that in the short term, the issue of the efficiency of time 

diversification is crucial for retirement planners.  

 

Although academic research on asset allocation strategies in DC plans is a relatively 

new area of academic interest, asset allocation itself is not a new topic in investment. 

The basic concept can be found in the Talmud almost 2000 years ago, which says “let 

every man divide his money into three parts, and invest a third in land, a third in 
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business, and a third let him keep in reserve. (Gibson, 2000) However, the 

appropriateness of asset allocation decisions over very long investment horizons is 

still a subject of widespread debate. Samuelson (1969, 1994) argues that investors 

should hold the same proportion of equity over each time period under a certain utility 

function, for example, a logarithmic utility function. Siegel (1998) suggests that 

investors with long-term investment horizons should invest heavily in stocks; while 

Kim and Wong (1997) state that the strategy of buying and holding 100 percent stocks 

dominates all other strategies for long-term investment. Haberman and Vigna (2002) 

also support this view, but only for risk neutral investors. Campbell and Viceira 

(2002) argue that the risk reduction in stocks over long horizons can only be due to 

mean-reversion in excess stock returns, which is equivalent to time-variation in the 

equity premium. On the other hand, Booth and Yakoubov (2000) and Blake, Cairns 

and Dowd (2001) disagree with such a strong conclusion of holding 100 percent 

equity strategy. They indicate that participants of a DC plan should have a well-

diversified strategy until they retire.  

 

Since individual retirement participants in DC plans invest in assets over a very long 

investment horizon, asset allocation is the key driver for the investment return of the 

retirement portfolio. Given the importance of asset allocation in the accumulation of 

retirement wealth, the investment options within DC plans and asset allocation 

strategies would be expected to be designed with rigorous care by the plan sponsors. 

The default option, such as a lifecycle fund, is even more important since most 

retirement participants adopt the default choice and continue with it for most of their 

working lives. Given the very long investment period, a sub-optimal asset allocation 

strategy poses an enormous risk for retirement participants, and while lifecycle funds 

as a default option in DC plans has been widely debated and researched in recent 

years, it still remains a controversial area for academic research. The appropriateness 

of an asset allocation strategy for retirement planning is extremely important from a 

practical perspective and deserves serious attention. Academic researchers have a 
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great opportunity to study alternative asset allocation strategies for retirement 

participants with a very long investment horizon and comment on their 

appropriateness.  

 

Previous research on long-term investment and asset allocation strategies under DC 

pension plans mainly focuses on the US and the UK, while the appropriateness of 

such strategies across different countries has received less attention. Evidence from 

Dimson, Marsh and Staunton (2002) suggests that the experience of security markets 

over the last century across sixteen nations has not been necessarily similar; therefore, 

the relevance of their findings based on US or UK data for DC plan retirement 

participants in other nations remains questionable to some extent. Since asset 

allocation can significantly affect the outcome of the retirement wealth of participants 

in DC pension plans, it is crucial to determine the appropriateness of various asset 

allocation strategies across different nations, and this is the main motivation for this 

thesis. 

 

 

1.3  Contributions 

 

This thesis makes several contributions to the field of time diversification and 

retirement planning for DC pension plan participants from an international 

perspective. Asset allocation strategies for long-term investors, especially pension 

participants in DC plans, are a relatively new research area, which has attracted 

significant attention from academics in recent years. The thesis makes a number of 

key contributions to this field by providing strong evidence of long-term investors’ 

holding equities, especially participants in retirement plans. In contrast to previous 

work on long-term investment, this research investigates various asset classes and 

asset allocation strategies from an international perspective. The existing literature on 

time diversification and asset allocation strategies in DC plans mainly uses data from 
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the USA or UK market to draw conclusions. Thus, by using long-run data over 

seventeen countries, this research can produce more generalised results than those 

studies that only focus on one or two countries.  

 

One major contribution of this thesis is the investigation into the role of lifecycle 

investment strategies in DC retirement planning. Consistent with previous research, it 

confirms that lifecycle strategies that systematically switch from equities to fixed 

income assets as investors age tend to underperform fixed weight strategies tilted 

toward stocks from a global perspective. Moreover, this research takes a step further 

to address the drawbacks of conventional lifecycle investment strategies in DC 

retirement planning, and proposes two dynamic lifecycle investment strategies that 

incorporate past performance feedback accordingly in asset allocation decisions. 

Chapter 5 demonstrates that dynamic lifecycle strategies outperform conventional 

lifecycle strategies commonly used by DC retirement participants in terms of 

accumulating wealth at the point of retirement. In addition, dynamic lifecycle 

strategies perform better than other strategies in achieving the target outcome from 

historical returns. The results suggest that dynamic lifecycle strategies are able to 

produce more superior wealth outcomes than conventional lifecycle strategies by not 

giving away too much of the upside potential and providing downside protection at a 

lower cost.  

 

Another major contribution of this research is that the tax effect is considered when 

planning for retirement. Chapter 6 examines the tax effect on the retirement outcomes 

of various tax regimes, i.e. how different tax systems across different countries affect 

retirement outcomes. It is found that retirement participants under an EET tax regime 

have more incentive to save, and that people under other tax regimes need to 

contribute more to achieve the same target outcome of retirement wealth to sustain 

their lifestyle.   
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1.4  Organisation of this thesis  

 

This thesis shares the common subject of asset allocation in DC pension plans. Each 

of the essays in this thesis examines a distinctive research problem related to the main 

topic and presents it as a separate chapter. This thesis contains separate chapters on 

the literature review, methodology and data that apply to all three main research 

problems. Therefore, the remainder of the thesis is organised as shown below.  

 

Chapter 2 reviews the literature relevant to all three essays in this thesis. The modern 

portfolio theory and alternative views of security markets and their implications are 

firstly reviewed, and this is followed by a review of the role of equity risk premium in 

asset allocation strategies for long-term investors. Further, the importance of DC 

pension plans and theoretical issues related to a lifecycle investment strategy in a DC 

plan are discussed. Finally, various risk measurements and investment performance 

measures widely used in academia and practice are examined, since they play a 

crucial role in evaluating investment strategies in this thesis.   

 

The data used in this thesis is explained in Chapter 3. The same historical annual 

return dataset in seventeen nations over the last century is utilised for all three essays. 

The descriptive statistics and correlation matrix for asset class returns are reported in 

this section.  In addition, the wage growth data used in Chapters 5 and 6 is described. 

Next, the asset return generating process is reviewed by examining the Monte Carlo 

simulation method and bootstrap re-sampling method before exploring the moving 

block bootstrap re-sampling method, which is the general model used in all three 

essays with minor differences that are explained in detail in each chapter.  The moving 

block bootstrap re-sampling method is used in all chapters for generating asset returns 

over various investment horizons.  
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Chapter 4 investigates the relative performance of stocks, long-term government 

bonds and treasury bills for various investment horizons across the world, and 

considers whether or not investment risk decreases over time, i.e. whether or not the 

notion of time diversification is valid. The empirical evidence suggests that the risk of 

stocks over bonds and bills diminishes as the investment horizon lengthens. Thus, 

stocks are a more desirable asset class for long-term investors, such as retirement 

participants.    

 

Chapter 5 investigates the lifecycle investment strategy, which is widely used in DC 

pension plans. Here, the simple lifecycle investment strategy gradually reduces 

retirement participants’ allocation from stocks to bonds as they approach retirement. 

However, empirical research has not always supported this approach. (See Shiller, 

2006) Fixed weight buy and hold and conventional lifecycle strategies are static in 

nature since the asset allocation rule for the entire investment horizon is defined when 

the retirement participant first joins the plan. For comparison, two alternatives 

dynamic lifecycle strategies that use the past performance of asset returns are modeled 

and tested as indicators of the direction and asset-switching during the switching 

period. The accumulation of the retirement wealth of hypothetical retirement 

participants under two dynamic lifecycle strategies are then compared to that under 

conventional lifecycle and fixed weight asset allocation strategies.  

 

Chapter 6 investigates the performance of various asset allocation strategies using a 

variety of savings rates over varying investment horizons. In other words, it examines 

the implications of various saving rates and contribution periods over different 

investment strategies to sustain a pre-retirement lifestyle. In addition, most previous 

research on pension investment completely ignored tax, whereas this study examines 

the tax effect on retirement outcomes over various tax regimes, i.e. how different tax 

systems across different countries affect retirement outcomes.  
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Chapter 7 concludes the thesis by discussing the relevance of the research findings to 

pension planning. Finally, the limitations of the thesis are explained and some 

recommendations are made for future research in this field based on those limitations.  
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Chapter 2 

Literature review 

 

This chapter contains eight sections. Section 2.1 reviews the modern portfolio theory 

and its implication for asset allocation strategies. Alternative views of security 

markets, such as random walk, mean reversion, and mean aversion are explained in 

section 2.2, and the implication of each view on asset allocation is well discussed. 

Section 2.3 reviews the theory of equity risk premium, which is crucial for long-term 

investors to determine asset allocation strategies. Section 2.4 discusses the importance 

of a defined contribution pension plan in the current retirement planning system and 

explains the differences compared to a defined benefit pension plan. With the 

increasing popularity of a lifecycle investment strategy in a DC pension plan, which is 

the key topic of research in this thesis, Section 2.5 reviews the theoretical issues of a 

lifecycle strategy, as well as the empirical evidence in this area. Since investment 

strategies are heavily influenced by the trade-off between investment return and risk, 

the concepts of investment risk and measures of risk are discussed in Section 2.6. 

Finally, Section 2.7 reviews the investment performance measures used in academia 

and practice, some of which are utilised in this research to evaluate the performance 

of various investment strategies in a DC pension plan.    

 

 

2.1 Modern portfolio theory and asset allocation strategies 

 

Modern portfolio theory provides the theoretical elements of asset allocation decisions 

in finance. Markowitz (1952) puts the risk-return trade-off in a portfolio framework 

and formally describes a mean-variance optimisation framework in which investors’ 

decisions are only influenced by the expected return (mean) and variance of portfolios 

for a single period of time. Under this framework, investors choose efficient portfolios 
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which minimise the variance for a given expected return or maximise the expected 

return for a given variance. Given expected returns, variances of returns, the 

correlation between various asset classes and a set of optimal portfolios can be found 

which lie on the so-called mean-variance efficient frontier. Asset diversification is one 

of the key concepts of the portfolio theory and is widely used in common practice of 

asset management. Asset diversification is supported by the fact that a linear 

combination of asset classes can have a smaller variance than that of a single asset 

class. Therefore, individual investors should hold a well-diversified portfolio to 

reduce risk. Although the mean-variance framework has been widely accepted in 

finance literature, questions have been raised as to whether or not investors should 

actually follow its recommendations as well as its assumptions.  

 

In a mean-variance optimisation framework, investors’ utility increases with the mean 

of returns and decreases with the variance of returns. The utility function is given  by 

 
1

U= ( ) ( )
2

E r A V r           (1) 

Where A  is the risk-aversion parameter. r  is the return on investment, which contains 

a risk free rate fr  and a return on risky asset Rr . If  is the proportion of investment 

in risky asset, then 

 (1 ) f Rr r r      (2) 

Using mean-variance optimisation, maximisation of the utility function U  is given by 

 
( )

( )

R f

R

E r r

A V r






  (3) 

Although the mean-variance optimisation framework was intended to construct an 

efficient portfolio of stocks, it has been widely used by investors to distribute their 

funds among stocks, bonds, real estate, cash etc. (Haugen, 2001) In recent years, 

researchers in behavioural finance have questioned how well investors actually 

understand and act based on rational models like the mean-variance optimisation 
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framework. Several studies show that individuals often make decisions based on 

heuristics or rules of thumb when they face complicated problems and uncertain 

outcomes. Benartzi and Thaler (2001) examined the retirement participants in DC 

plans in the United States and found evidence of diversification heuristics, namely 1/n 

heuristic, where individual investors tend to invest equally among the n options 

offered to them.  

 

Brennan, Schwartz and Lagnado (1997) first introduced the term ‘strategic asset 

allocation’ and Radcliffe (1997) defines it as being an investment technique that 

represents the optimal combination of various efficiently priced asset classes. On the 

other hand, investors may use tactical asset allocation if they believe that certain asset 

classes are mispriced. Haugen (2001) differentiates the two types of asset in terms of 

investment horizons. He states that strategic asset allocation is related to investment in 

different asset classes over a long horizon (typically decade long), while tactical asset 

allocation has a much shorter holding period (usually a year or less).  

 

The use of strategic asset allocation to employ a modern portfolio theory requires an 

estimation of the expected return on underlying asset classes, the volatility of asset 

returns, and the correlation between them. These estimates can be used to construct a 

number of profit-maximising portfolios at each level of risk under a mean-variance 

framework. This has traditionally been done by using the historical records of returns 

on asset classes over a period of time to derive the estimates to be used as inputs to a 

mean-variance framework and resolve the asset class weights that maximise returns. 

However, many researchers have different views about the accuracy of this method. 

Michaud (1998) professes to have great doubt about the reliability of these estimates, 

since small changes in inputs can results in dramatic changes in asset class weights in 

a mean-variance framework.        

 

The mean-variance optimisation framework has been criticised for its myopic nature 
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of being a single period model. For long horizon investors such as retirement 

participants, this single period can be as long as 40 years. Thus, in order to employ 

mean-variance optimisation, the expected returns have to be accurately estimated over 

a long period of time, as well as their standard deviation and correlations among 

different asset classes. However, some authors indicate that this model can be 

effectively applied in a multi-period of time under certain assumptions (see Elton and 

Gruber, 1975). Campbell and Viceira (2002) argue that, in reality, long-term investors 

are free to rebalance their portfolios, which the single period model fails to recognise. 

They state that time-varying investment opportunities are an important consideration 

for portfolio choice over long-term investment horizons.  

 

Brinson, Hood, Beebower (1986) analysed data on US pension plans and found that 

an asset allocation policy that selects asset classes for investment and their relative 

weights in a portfolio explained more than 90% of the variation on total returns. Stock 

selection and market timing were found to contribute very little to total returns. Blake, 

Lehmann and Timmermann (1999) also found that asset allocation was responsible 

for most of the variation in pension fund returns in the UK. However, some 

researchers argue that variations explained by an asset allocation strategy largely 

depend on the choice of benchmark portfolio. An asset allocation policy plays a much 

less dominant role when using a diversified portfolio as a benchmark rather than a T-

bill portfolio. (See Hensel et al., 1991, Jahnke, 1997)  

 

Asset allocation strategies can not only differ from each other by selecting different 

asset classes; other factors, such as the frequency of rebalancing and time dependence 

could also lead to various outcomes of different strategies. Perold and Sharpe (1988) 

indicate that strategic asset allocation may change over time due to the fluctuation in 

the market value of assets held in a portfolio. They describe the methods commonly 

used by investors to resolve this problem. One strategy is a static buy-and-hold, 

whereby assets are purchased based on the initial mix and held through the entire 
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holding period without taking any action. This strategy ignores the fluctuation of 

market returns on various asset classes. On the other hand, a constant mix strategy 

maintains the initial proportion of asset classes by periodically rebalancing them. This 

strategy is considered as being dynamic compared to the buy-and-hold. Baker, Logue 

and Rader (2005) argue that the relative performance of these two strategies depends 

on the nature of the relative performance of the asset classes. According to their 

research, in a scenario of holding two asset classes, if the relative performance of 

stocks to bills made a sustained move, the buy-and-hold strategy would outperform 

the rebalancing one. On the other hand, if asset returns are mean reverting, the 

rebalancing strategy would produce a better result.
1
 Arnott and Lovell (1993) found 

that a periodic rebalancing strategy is better than a non-rebalancing strategy and 

indicate that more frequent rebalancing is better than less frequent. Other authors also 

support these findings (for example, Plaxco and Perold, 2002).       

       

 

2.2 Alternative views of security markets  

 

Many financial studies often ask the following questions: “What is the process of 

generating returns in security markets?” or simply, “How do security markets 

behave?”  

 

Figure 2.1 presents a hypothetical price history of a security price movement. It shows 

a sharp drop in price, perhaps like the October 1987 stock market crash, followed by 

three possible scenarios: random walk, mean reversion, and mean aversion. The 

variety of price paths in the figure indicates the importance of recent research issues 

and the implication of each view of security markets.  

 

 

                                                             
1
 Mean reversion is discussed in the next session.  
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 Figure 2.1 Hypothetical price paths 

 

(Source: Reichenstein, 1995) 

  

2.2.1 Random Walk Model  

 

The random walk view assumes that future returns come from a stable probability 

distribution. Each period's return is like a random draw from the stable distribution. If 

returns come from a stable distribution, then prices follow a random walk or, more 

formally, a random walk with drift. According to the random walk perspective, price 

changes following a price decline are equally likely to be positive or negative. In 

terms of the random walk with drift, the returns following the price decline are 

equally likely to be above average or below average. The price drop could, by chance, 

be followed by a sequence of price increases or a sequence of price declines. On 

average, the price decline foretells neither a price recovery nor continuing losses. 

Returns across time periods are independent.  

 

A simple random walk model in the return form can be described as follows:  

 t tr      (4) 
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where tr  is the return on asset, and t  is a white noise with a mean of 0 and a variance 

of 2 .  

If tR  is the mean return over  periods, then:   

 
-1

t

0

1
R = t i

i

r







   (5) 

This gives the following expected returns and variances for tR .   

 tE(R )    (6) 

 
2

tVar(R )



   (7) 

The above equations imply that, if asset returns follow a random walk, the expected 

return over a long-time horizon ( tR ) is the same as that over a short-time horizon 

( tr ). However the variance decreases with the length of investment horizon . The 

volatility of the asset returns, given by the standard deviation of tR , decreases by a 

factor of  over a long-time horizon. If returns from stocks, bonds and bills all 

follow a random walk, the standard deviation of all asset classes would decrease by 

the same factor of  . In this case, there would be no reason for risk-averse investors 

to prefer to invest in a higher proportion of stocks over a long-time investment 

horizon than they would be willing to invest in over a short-time holding period. 

Thus, the investment horizon should have no impact on asset allocation.  

The random walk view has several implications, as follows:  

 The required rates of returns are constant, while the actual returns are 

independent; 

 Because the returns are independent, the variance of n-year returns is n times 

the variance of one-year returns; 

 Excess volatility does not exist; short-term returns are not too volatile to be 
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consistent with a random walk; 

 All price changes are permanent; temporary price changes do not exist. 

 

2.2.2 Mean Reversion (negative serial autocorrelation) Model 

 

The random walk view of asset security market returns is not well supported by 

empirical evidence. It is possible for an asset class return to be a stationary 

autoregressive process with either negative or positive serial autocorrelation within 

the return series. Campbell and Viceira (2002) describe mean reversion as “an 

unexpectedly high return today reduces expected returns in the future, and thus high 

short-term returns tend to be offset by lower returns over the long-term” (p95).  

 

If we assume returns to be a simple stationary autoregressive process, then: 

 1t t tr r       (8) 

The mean and variance in this case would be as follows
2
:  

                           tE(R )
1







  (9) 
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  (10) 

If 0  , the process is known as mean reversion, in which case the volatility of the 

asset returns, given by the standard deviation of tR , decreases by a factor of more 

than  over a long-time horizon. Therefore, if an asset class follows a mean 

reversion process, the risk of investing in such an asset would decline by increasing 

the investment horizon.   

 

Several studies have attempted to explain the mean reversion in stock markets. For 

                                                             
2
 For derivation, see Guo and Darnell (2005).  
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example, Poterba and Summers (1988) argue that mean reversion may be caused by 

the irrational behaviour of noise traders, resulting in stock prices that swing widely 

away from their fundamental value. De Bondt and Thaler (1985, 1987) suggest that 

irrational pricing behaviour can be caused by over-reaction to financial news. The 

value of a stock is determined by the expected returns per share; thus, mean reversion 

can be observed when expected returns are mean-reverting (Poterba and Summers 

1988). Conrad and Kaul (1988) found that the time-varying process of a stock’s 

expected returns reverted back to its mean over time.  Kim et al. (1991) argue that 

fluctuation in expected returns may be explained by uncertainty about the survival of 

the economy caused by a world war or recession for example. Alternative 

explanations for mean reversion in stock markets have been provided by Zarowin 

(1990), Conrad and Kaul (1993) and Ball et al. (1995), among others. 

 

The implications of the mean-reversion view are quite different from those of the 

random walk view, as follows: 

 The actual returns reverse and are negatively correlated at some lags; 

 Because returns are reversing, the variance of n-year returns is less than n 

times the variance of one-year returns; variance rises less than proportionately 

with the holding period; 

 Short-term returns are too volatile to be explained by a random walk; excess 

volatility exists; 

 Price changes consist of permanent and temporary components. The 

temporary or transitory part of a price decrease (increase) will eventually be 

offset by a price increase (decrease). Thus, only the part of short-term 

volatility associated with permanent price changes affects the long-term 

volatility. 

 

Under a mean-reverting process, a large upward or downward price movement is 

more likely to be followed by a price movement in the opposite direction. Thus, 
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volatility is reduced across time by the negative autocorrelation of returns. 

 

Evidence of mean reversion on stock market returns is mixed; with some showing that 

it has a weak effect, while others find it to be sufficiently strong to be used to derive a 

strategy that out-performs the market. If mean reversion does happen, this means that 

returns do not follow a pure random walk, and therefore, the market is not efficient. 

 

2.2.3 Positive Serial Autocorrelation Model 

 

A simple positive serial autocorrelation model can be seen as follow: 

                         1t t tr r       (11) 

where 0  , the mean and variance of this model are the same as the mean-reversion 

model. This is a standard positively auto correlated model and has the opposite effect 

of the mean reversion model. The volatility also decrease, but at a lower rate than the 

square root of investment horizon ; i.e. 2

tVar(R ) /  . 

 

Under a positive autocorrelation process, price movement is more likely to be 

followed by a price movement in the same direction and the returns are positively 

correlated. If the market over-reacts, poor initial returns could encourage continuing 

poor returns, and vice versa. 

 

Historically, asset class returns in the US have not supported the random walk 

hypothesis. By examining real returns data from 1802 to 2001, Siegel (1998) found 

that the risk of investing in equities declines at a faster rate over long-time investment 

horizons than that predicted under a random walk assumption, whereas the risk of 

investing in bonds and bills diminishes at a slower rate than that predicted in a 

random walk model over long-time holding periods. This empirical evidence suggests 

that stock returns follow mean reversion and fixed income securities show some 
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degree of mean aversion in US.  

 

There have been numerous academic studies of mean-reversion in equity markets. For 

instance, Fama and French (1988) and Poterba and Summers (1988) found evidence 

that markets do mean-revert, but their work has been criticised on statistical grounds 

(by Kim, Nelson and Startz, 1991 and Richardson et al., 1989). In contrast, Lo and 

MacKinlay (1988) did not find evidence of mean-reversion, while Jedadeesh (1991) 

found evidence for mean-reversion in the US and UK markets (but noted that it was a 

seasonal phenomenon entirely concentrated in January) and Balvers, Wu and Gilliland 

(2000) also found evidence of mean-reversion using data from 18 countries. Jorion 

(2003) analysed long-term global stock market return data, and found that long-

horizon standard deviations were consistent with pure random walks without any 

mean reversion. Thus, he concluded that there was no evidence of any reversion to 

mean in the global data. It can be seen that the evidence is mixed, and the debate and 

study continue. 

 

 

2.3 Equity Risk Premium 

 

In his popular book, Stocks for the Long Run, Jeremy Siegel (1998) clearly expresses 

the view that long-term investors can afford to increase their holdings in stocks, since 

stocks are comparatively safe for such investors:  

 

“It is very significant that stocks, in contrast to bonds or bills, have 

never delivered a negative real return to investors over periods of 

17 years or more. Although it might appear to be riskier to 

accumulate wealth in stocks rather than in bonds over long periods 

of time, precisely the opposite is true: the safest long-term 

investment for the preservation of purchasing power has clearly 

been a diversified portfolio of equities.”  

 

Such a view that stocks are safe assets is based on evidence that excess stock returns 
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are less volatile over long-time holding periods. The excess stock return over risk free 

assets is known as the equity risk premium. Campbell and Viceira (2002) point out 

that the reduction in stock market risk over long-time investment horizons is due to 

time variation in equity premiums. The role of equity risk premiums is important to 

this research, since the investment outcome of any asset allocation strategy that 

invests in equity would be extremely sensitive to the equity risk premium used by the 

researcher.  

  

The reason behind this premium comes from the risk-return trade-off, in which a 

higher rate of return is required to entice investors to take on riskier investments. The 

risk-free rate in the market is often quoted as being the rate on short-term treasury 

bills, which are considered to be risk free because of there is little chance that the 

government would default on its loans. The equity premium helps to set the portfolio 

return expectations and determine the asset allocation policy. For instance, a higher 

premium implies that investors should invest a greater share of their portfolios into 

stocks. Also, the capital asset pricing relates a stock's expected return to the equity 

premium: a stock that is riskier than the market (measured by its beta) should offer 

excess return above the equity premium. Historical evidence supports the existence of 

a positive equity premium over a long-time investment horizon. Retirement 

participants typically have a thirty-year holding period or more, which is considered 

to be long; thus, they should allocate their resources in stocks. A paradoxical aspect of 

this risk premium is that, when people realise that equity returns are higher than bill 

returns, why should they continue to demand a premium for owning equities 

(assuming they have a long-time horizon)? 

 

Many explanations have been given for the equity risk premium puzzle. For example, 

Mehra and Prescott (1985) found that the average stock investment generated 6.2 

percent excess return over investment in short-term government bonds by examining 

the asset returns between 1889 and 1978 in the US. They argued that such a high 
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premium was puzzling, even when considering the higher risk associated with stocks. 

Kocherlakota (1996) presented a detailed analysis of these explanations in financial 

markets and concluded that the puzzle was real and remained unexplained. Rietz 

(1988) used standard preference structures and argued that the equity premium 

incorporated the probability of a substantial crash in output or consumption. 

Meanwhile, Fama and French (2002) noted the dramatic reduction in the dividend 

price ratio since 1950, and suggested that this induced a significant unanticipated 

capital gain into the realised equity premium. Kyriacou et al. (2006) indicate that the 

equity premium over the past 132 years has been significantly positively related to the 

rate of inflation. 

 

While US investors have doubtless enjoyed large positive equity risk premiums over 

the last century, whether or not this experience has been similar in other major 

markets across the world needs to be considered. Jorion and Goetzmann (1999) 

studied asset returns of 39 countries for the period between 1921 and 1996 and found 

that the US had the highest real equity returns. They argued that the high premium 

obtained in the US was likely to have been the exception rather than the rule. Dimson 

et al. (2002) investigated the stock, bonds and bills returns of 16 nations during the 

twentieth century, finding that, over the 103-year period, the annualised (geometric) 

equity risk premium relative to bills was 5.3 percent for the United States and 4.2 

percent for the United Kingdom. The 16 countries’ average risk premium relative to 

bills was 4.5 percent. In terms of long bonds, the risk premium was smaller, but the 

story was similar. The annualised US equity risk premium relative to bonds was 4.4 

percent, and the corresponding figure for the United Kingdom was 3.8 percent. Across 

all 16 countries, the average risk premium relative to bonds was 3.8 percent.  

 

Given the existence of positive equity risk premiums for most of the last century, and 

very little probability of it becoming negative when considering a long-time 

investment horizon (Siegel, 1998), some advisors recommend that retirement planners 
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should invest almost all of their contributions in equity, especially when they are 

young and have a long-time holding period. Hickman et al. (2001) investigated the 

relative performance of bills, bonds, and stocks for the period between 1926 and 1997 

in the US market. They concluded that investors with holding periods of 20 years or 

more could expect much higher terminal wealth by investing in stocks than any other 

asset classes; also, fixed income investment only had few risk reduction benefits. By 

examining college and university endowment funds, they also demonstrated that 100 

percent equity investment with some tactical adjustment is likely to provide superior 

results most of the time. Dimson et al. (2002) examined this point from an 

international perspective by looking at real returns for equities for every 30 and 40-

year holding periods between 1900 and 2000. They found that real returns for equities 

were always positive for most countries including the UK, US and Australia, and the 

equity premium was always positive for the corresponding holding periods. On the 

other hand, real returns for bonds and bills generated negative returns for some of the 

observed 30 and 40-year holding periods.  

 

 

2.4 Defined Contribution (DC) plan   

 

The main goal of a pension programme is to replace earnings lost as a result of old 

age, premature death, or invalidity (Burtless, 2003), and the usual way for developed 

countries to achieve this goal is by using public DB pension plans. Under the DB 

system, individuals’ pension benefits can be estimated by their number of years of 

service, income level and a particular benefit formula, and the benefit payments are 

financed by tax contributions from employers and workers. So workers born in the 

same year and have similar earnings receive similar retirement benefits. In the DC 

system, individual workers’ pensions depend on their level of contributions and the 

success of their investment strategies. Workers who retire after a long period of low 

financial market returns will collect a small pension, whereas workers who claim 
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pensions after periods of high returns will receive large pensions. Under DC plans, 

workers bear all the risks associated with financial market fluctuations, whereas DB 

plans guarantee a retirement income. 

 

One of the major differences between defined benefit and defined contribution plans 

is market risk, which is the risk associated with changes in the value of the 

investments in the plan. In order for the plan to grow and generate sufficient income 

to provide a retirement pension, the money put aside for retirement during an 

employee's working years must be invested in income-producing assets. This usually 

includes investing in things like stocks, bonds, real estate, etc. However, the value of 

such assets can fluctuate, as seen in the recent 2008 market crash. Under a DC 

pension plan, individuals determine which investments their contributions are 

invested in from a selection of investment options available within the plan. This 

enables them to create an individual portfolio suited to their own investment goals and 

level of tolerance for risk. 

 

The key issue for the shift to DC plans is that the plan participants bear all the 

investment risk in these retirement plans, whereas DB plans guarantee a retirement 

income. Retirement participants’ decision to invest in a DC plan commonly involves 

selecting an asset allocation strategy for investing the plan contributions. This asset 

allocation strategy will indicate how to allocate capital between different asset classes 

such as stocks, bonds, bills, and other alternative assets. Most countries’ retirement 

plans provide a default investment strategy for retirement participants who fail to 

choose an investment strategy.  

 

In terms of the investment choices for DC plan providers, a prudent approach is to 

examine the risk-return trade-off for individual investment strategies. The optimal 

strategy is the one with a combined optimal risk-return trade-off. While some 

researchers have attempted to resolve this issue via a theoretical approach, most 
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research on asset allocation strategies in DC plans has been based on an empirical 

approach by evaluating currently-used strategies and some of the alternatives. This 

research also uses an empirical approach to resolve the research problems.  

 

The most recent research investigates the optimal asset allocation strategies for DC 

pension plans. For example, Blake et al. (2001) examined a wide range of asset return 

models and asset allocation strategies known as pension metrics and estimated the 

value at risk (VaR) of retirement accumulation for DC pension plans.
3
 They found that 

DC plans could be extremely risky compared to DB plans and VaR estimates are 

sensitive to asset allocation strategies and asset return models. Furthermore, they 

found that static strategies with large equity weighting deliver better results than 

dynamic strategies, including a lifecycle strategy, over a 40-year investment horizon. 

Poterba et al. (2007) examined how different asset allocation strategies over a 

worker’s career affected the distribution of retirement wealth and the expected utility 

of wealth on retirement. They used a large sample of Health and Retirement Survey 

(HRS) households to compute the contribution paths for 401(k) plans and randomly 

assigned return histories to these contribution plans. They found that the expected 

utility of an all stock investment strategy was greater than any form of more 

conservative strategies and higher risk aversion, or lower expected returns on stocks 

raised the expected utility of lifecycle strategies. Cannon and Tonks (2012) simulated 

pension fund and pension replacement ratios of sixteen countries under a DC pension 

plan using historical data.
4
 The results showed that equity funds tended to dominate 

other strategies in all countries. Most importantly, they examined the importance of a 

positive correlation between wage growth and asset returns, and found that such 

positive correlation exacerbates the risk in retirement planners’ accumulated pension 

fund. Furthermore, they argued that replacement ratios have a considerable downside 

risk when using real annuity rates, which may lead to unsatisfactory outcomes. 

 
                                                             
3
 VaR, a measure of tail risk, is discussed in section 2.6.  

4
 This doctorial thesis has been hugely influenced by this research and has benefited from it.   
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2.5 Lifecycle investment strategy  

 

The modern portfolio theory developed by Markowitz in 1952 illustrated the way in 

which investors should choose assets over a single period if they only cared about the 

mean and variance of their portfolio returns. One of the most famous implications 

under such a mean-variance framework is the mutual fund theorem developed by 

James Tobin in 1958. Under this mutual fund theorem, investors should hold cash 

with a single portfolio of risky assets known as a “mutual fund”. They should hold the 

same “mutual fund” which contains stocks and long-term bonds with more or less 

cash or short-term bonds depending on their risk tolerance. For example, a 

conservative investor should hold more cash or short-term bonds than an aggressive 

investor.  

 

Another major implication of the mean-variance framework is that it indicates that 

investors should maintain the same asset allocation regardless of their age or 

investment horizon. However, such asset allocation advice is based on two critical 

assumptions. Firstly, a mean-variance framework assumes that investors live in a 

world of constant risk and return; therefore, long-term and short-term investors are 

treated the same. (Samuelson, 1969, 1994, Merton, 1969, 1971) Secondly, a mean-

variance analysis assumes that financial wealth is independent of labour income; thus, 

a traditional mean-variance analysis does not provide support for current rapidly-

growing lifecycle investment strategies that treat long-term and short-term investors 

differently. Malkiel (1995) states that risk tolerance is a function of both the risk 

attitude of investors and their capacity for risk. According to him, while risk attitude 

is subjective, risk capacity depends on individuals’ position in the lifecycle. Thus, the 

optimal portfolio structure of an older and younger investor will be different because 

they are at different stages of their lifecycles. This is the key concept of all lifecycle 

investment strategies.   

 



37 
 

The traditional portfolio theory treats cash as a risk-free asset and bonds, like stocks, 

are considered to be risky assets, the assumption being that real interest rates are 

constant. In reality, real interest rates fluctuate over time and future real interest rates 

are unpredictable. Thus, since short-term inflation risk is relatively small, cash is 

relatively safe for short-term investors; however, it is far from being considered as a 

safe asset for long-term investors. If real interest rates decline in the future, long-term 

investors holding a large proportion of cash will suffer reinvestment risk with such 

low interest rates, and they will end up with low end-period wealth. In contrast, long-

term bonds will increase in value as real interest rates decline, since they are moving 

in the opposite direction. Since principal payments and coupons of long-term bonds 

are fixed in nominal terms, they are also affected by the risk of inflation. Thus, 

investors should note that long-term bonds are only safe if inflation is relatively low. 

Campbell and Viceira (2002) found that cash is risky for long-term investors because 

real interest rates vary over time and the risk of inflation is sufficiently large for 

investors who invest in long-term treasury bonds. They suggest that conservative 

long-term investors should invest a large proportion of their wealth in inflation-

protected TIPS (Treasury Inflation Protected Securities). 

 

It has been commonly argued in recent years that equities are relatively safe for long-

term investors because stock returns are less volatile over long-time holding periods. 

(Siegel, 1998, Campbell and Viceira, 2002, Alles and Athanassakos, 2006) This view 

is based on the notion of time diversification, which is the idea that above-average 

returns tend to offset below-average returns over a long horizon.
5

 Therefore, 

increasing investors’ time horizon reduces the risk of holding stocks. This implies that 

the longer the investors’ time horizon, the more risk investors could take and the more 

stocks they should be willing to invest in. Financial advisors generally suggest that 

investors should take more risky assets when they are young and move to relatively 

safe assets when they are growing old and approaching retirement. Campbell and 

                                                             
5
 The notion of time diversification is explained in Section 4.2.  



38 
 

Viceira (1999, 2002) studied long-term portfolio choice under time-varying expected 

stock returns and showed that long-term investors should vary their allocation of 

stocks in response to changes in expected stock returns. If stocks are mean-reverted, 

realised stock returns are high in times of low expected future stock returns. Lifecycle 

funds that move mechanically away from stock as an inverse relationship with the 

investment horizon focus on market mean reversion. This has been challenged by an 

ongoing debate about the uncertainty and robustness of stock market predictability 

and the existence of market mean reversion. (Barberis, 2000, Brennan, 1998, Xia, 

2001) This uncertainty should make investors more cautious to changes in market 

conditions. 

 

Another theoretical argument for investors to choose riskier assets since they have 

longer investment horizons is that they have the ability to adjust their consumption 

and work habits. If the return on investment is less than expected during the early part 

of the investment horizon, younger investors can work more or consume less to 

achieve their financial target. Bodie, Merton and Samuelson (1992) state that younger 

investors have the flexibility to increase their income and decrease their consumption 

and leisure to cover any losses in their investment portfolio, whereas older investors 

do not have such flexibility; thus, they tend to be more conservative in their 

investment. Jagannathan and Kocherlakota (1996) argue that a flexible labour supply 

makes lifecycle funds desirable only if equity returns are relatively uncorrelated with 

labour income. Viceira (2001) studied optimal asset allocation with uncertain labour 

income and found that a slight correlation between labour income and equity 

significantly reduced the portfolio tilt toward equities and a large correlation even 

reversed this tilt since younger investors may hold less equities than older ones. 

Cocco, Gomes, and Maenhout (2005) found that a lifecycle investment strategy may 

be optimal depending on the shape of the labour income profile. Gomes, Kotlikoff 

and Viceira (2008) reinforce prior findings that equities are the preferred asset for 

young investors, with the optimal proportion of equities generally declining prior to 
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retirement because of allowing for wage uncertainty and a variable labour supply. 

However, many researchers have different views and propose that younger investors 

should invest less in stocks and increase the proportion of stock investment as they 

age. Benzoni et al. (2004) argue that, if investors consider the correlation between 

stock returns and labour income through time, younger investors should not only 

invest less in equities but also short stocks. Lynch and Tan (2006) state that young 

investors should hold a lower proportion of equities than older people during a period 

of recession when stock returns are low, since they have lower labour income growth 

and higher volatility. Chai, Horneff, Maurer, and Mitchell (2011) derive optimal 

lifecycle asset allocations for individuals who select their hours of work and 

retirement age, given uncertain labour income and investment returns. They argue that 

shocks in labour income and capital markets interact to influence retirement and asset 

allocation patterns in complex ways. They introduce a model whereby individuals can 

optimally adjust both their financial portfolios and their working hours to correlate 

with both capital and labour market shocks.  

 

Lifecycle investment strategies in DC plans have recently attracted a great deal of 

attention in academic research.  Booth and Yakoubov (2000) investigated retirement 

wealth for DC plan participants under five different lifecycle strategies. Using both 

empirical data and stochastic modelling, they found no evidence of the superiority of 

lifecycle strategies that gradually switched from predetermined equity based 

portfolios to fixed income assets such as bonds and cash as investors approach 

retirement. However, they did not draw a strong conclusion that holding stocks near 

retirement is necessarily better and recommended that retirement participants should 

maintain a well-diversified portfolio until they retired. Haberman and Vigna (2002) 

used dynamic programming techniques to determine an optimal investment strategy 

for DC plan participants. They found that a conventional lifecycle fund is optimal for 

risk adverse investors and a static 100 percent stocks strategy is optimal for risk 

neutral investors. Shiller (2006) analysed the rates of return under a lifecycle portfolio 
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using US historical returns between 1871 and 2004, and concluded that the returns on 

a lifecycle portfolio are considerably lower and riskier than financial planners think. 

He further pointed out that a lifecycle strategy invests heavily in the stock market in 

the early years when the contribution size is relatively small and switches to fixed 

income assets when earnings and contributions grow in later years.  This may forego 

the opportunity to earn larger returns based on a investing a larger amount of money. 

Basu and Drew (2009) confirm Shiller’s view that growth in portfolio size with time 

is crucial in asset allocation and lifecycle strategies tend to reduce the potential for 

growth of accumulated retirement wealth. Basu and Drew (2010) studied the default 

options of Australia’s DC plan and simulated the terminal wealth outcomes under 

each default option. They found that strategies heavily tilted toward stocks reduced 

the chance of failure to meet wealth accumulation targets, as well as having strong 

upside potential. 

 

An important issue of lifecycle funds is switching criteria, and this has recently 

attracted a great deal of attention among academic researchers.  Most lifecycle funds 

currently in practice use a predetermined switching rule that automatically shifts the 

allocation from stocks to bonds and cash. Arts and Vigna (2003) propose a dynamic 

switching criterion from equities to bonds that considers the actual realisation of 

returns on assets. In their model, individual investors initially invest contributions in 

stocks for a certain time, after which new contributions are invested in bonds while 

the previous accumulations in the portfolio remain invested in stocks until retirement 

when they are converted into bonds. They compare the new switching approach with 

the conventional lifecycle approach and find that, while the mean of the new 

switching approach is higher, it also has a greater probability of falling below the 

target outcome. Basu and Drew (2011) introduce a dynamic lifecycle strategy with a 

target return in which the switching of stocks to fixed income assets depends on 

whether or not the retirement accumulation meets investors’ target return at that 

particular stage in time. They find that the dynamic lifecycle strategy exhibits almost 
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stochastic dominance (ASD) over the conventional lifecycle strategy. 

 

Lifecycle investment strategies suggested by retirement planners constitute a crucial 

part of this thesis. The above literature suggests that the design of lifecycle asset 

allocation strategies is complex and controversial. Lifecycle investment strategies do 

not only differ from each another in their initial and final asset allocation, but also key 

switching characteristics such as timing, risk preference and the direction of the 

switch. In addition, according to the dynamic nature of the portfolio risk and returns, 

the deterministic switching based on the pre-set rule may not be optimal. This thesis 

only focuses on financial assets in the retirement plan and ignores any possible impact 

human capital may have on the decision to allocate assets in retirement planning. 

 

 

2.6 Measures of risk 

 

Definitions of risk lie at the heart of the debate related to the priority of stocks 

investment for long-term investors and the notion of time diversification. Long-term 

investment planning requires an understanding of the investment risk over long 

investment horizons. The investment time horizon starts when investors implement 

their investment portfolio and ends when they take the money out. The length of 

investment horizon is important because it can directly affect their ability to reduce 

risk. Longer investment time horizons enable them to take greater risks for a 

potentially greater total return, because investing across different market 

environments can reduce some of the risk, as well as the good years can offset the 

bad. Risk plays a crucial role in investment management when analysing the desired 

outcomes with the expected return. Therefore, investment risk and risk measurement 

are crucial to determine an investment strategy. Since this research seeks to 

investigate the validity of time diversification and risk-return trade-off of alternative 

asset allocation strategies under a DC pension plan, it is deemed to be appropriate to 
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review some of the most important risk measurements.  

 

The standard deviation or its squared term variance has traditionally been most widely 

used as the standard risk measurement in finance. Markowitz (1952) adopted the use 

of standard deviation to measure portfolio risk and it has been widely used as a 

general risk measurement by finance researchers and financial advisors since then. 

Variance is given by  
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Where   is the expected return (mean), r is the return for a particular period and n  is 

the number of the periods. The underlining assumption is that the higher the variance 

(or standard deviation), the higher the risk of the investment. If the returns are 

normally distributed or the investors have quadratic utility functions, standard 

deviation would be a suitable measure of portfolio risk (Oberuc, 2004). Standard 

deviation captures the dispersion on both sides of the mean and gives a good 

statistical measure of variability. As for investment returns, it measures their volatility 

for a given period of time.  

 

However, many professional investors and academics have diverse opinions of 

standard deviation as a measurement of investment risk. Balzer (1994) states that 

volatility is not necessarily risk since most people consider risk as possibly having an 

unpleasant outcome. They argue that standard deviation treats upside and downside 

deviations equally and above average performances (upside deviations) are penalised 

as much as below average performances (downside deviations), whereas most 

investors are likely to be more concerned about the below average performance of 

their investment and leave the upside potentials alone. Balzer (1994) indicates that 

standard deviation as a measure of investment risk leads to misleading decisions when 

returns are not normally distributed.     
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Olsen and Khaki (1998) argue that investors should not only look at the conventional 

measures of risk, such as the standard deviation of returns, but also view risk in terms 

of loss and the possibility of realising returns below target levels. This kind of risk is 

also known as shortfall risk with the probability of realising returns being lower than 

the target returns. In such cases, risk is only influenced by returns below the target and 

investors weight below target losses more heavily than gains. This view of downside 

risk has been noted by many academic researchers in finance, economics and 

psychology. Nawrocki (1999) provides a comprehensive review of finance literature 

in downside risk measures.   

 

Roy (1952) indicated that investors may prefer the safety of principle investment 

when facing uncertain returns, and this first drew the attention of the academic 

community toward downside risk measures. Markowitz (1959) recognised the 

importance of minimising downside risk in a portfolio selection framework if 1) the 

returns are not normally distributed or 2) only downside risk (the risk of return below 

target return) is relevant to the investor. He provides two suggestions for downside 

risk measurement: a semi-variance computed from the mean return known as blow-

mean semi-variance and a semi-variance computed from target return known as 

below-target semi-variance. These two types of semi-variance are calculated as 

follows:  

 21
Below-target semi-variance = [ ]

n
t T

n

T t

R R

R R


   (13) 

 21
Below-mean semi-variance = [ ]

n
t

n

t

R

R





   (14) 

Where TR
 
is the target return,   is the expected return (mean),

 tR  is the return 

outcome for t-th observation, n is the total number of observations below target. Mao 

(1970) strongly suggests that investors are only interested in downside risk; therefore, 

semi-variance is the relevant risk measurement.  
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As one of the psychological concepts, loss aversion is widely used in economic and 

financial analyses. Rabin and Thaler (2001) demonstrate that reasonable degrees of 

risk aversion for small and moderate stakes imply unreasonable degrees of risk 

aversion for large stakes. If retirement participants in DC pension plans are loss-

averse toward their retirement assets, they may choose investment strategies that are 

better able to avoid the worst outcomes. In other words, retirement planners would 

choose strategies that have a lower estimated tail risk of the probability distribution of 

retirement wealth. Value at risk (VaR) pioneered by JP Morgan is one of the most 

popular tail risk measurements used by academics and practitioners. VaR is a widely 

used in financial mathematics and financial risk management to measure the risk of 

loss in a specific portfolio of financial assets. In its most general form, the VaR 

measures the potential loss in the value of a risky asset or portfolio over a defined 

period for a given confidence interval.  

 

If pQ  is the p -quantile of a portfolio’s prospective profit/loss over a period of time 

and   is the confidence level and p  is set as 1p   . The VaR at that confidence 

level is given by:   

 - pVaR Q   (15) 

 is the confidence level, which indicates the likelihood that the investor would not 

have an outcome worse than the VaR. The higher the degree of risk aversion, the 

higher the value of   and vice versa. 

 

The concept of VaR is simple and easy to understand. Losses greater than VaR are 

suffered only in extreme circumstances and the probability of such an occurrence is 

set by the user. For example, if the VaR on an asset is $10 million at a 95% confidence 

level for a one week time period, there is only a 5% chance that the value of the asset 

will fall below $10 million over any given week. This is often known as historical 
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VaR or non-parametric VaR. VaR is a good indicator for volatility, especially 

downside risk, when distributions are not normal or lognormal (Sortino, 2001).  

 

The VaR model enables investors to limit the likelihood of incurring losses caused by 

certain types of risk - but not all risks. The problem with relying solely on the VaR 

model is that the scope of the assessed risk is limited, since the tail end of the 

distribution of loss is not typically assessed. Therefore, if losses are incurred, they will 

be substantial in value. Dowd (2005) argues that investors may be exposed to 

unfavourable outcomes if they use VaR as the only risk measurement, since they may 

accept any investment that increases the expected return regardless of possible losses. 

Conditional Value at Risk (CVaR), which is also known as “Expected Shortfall” and 

“Expected Tail Loss”, is an extension of Value at Risk (VaR) and it provides a better 

risk measurement to overcome the limitation of VaR. Mathematically speaking, CVaR 

is derived by taking a weighted average between the value at risk and losses 

exceeding the value at risk. For a given , CVaR for Dowd (2005) can be represented 

by  

 

1
1

1
pCVaR VaR dp





    (16) 

Thus, CVaR is actually the average of the worst outcome that is less than the value of 

VaR. The CVaR has an important practical advantage over VaR, which is that it shows 

the user’s potential exposure to loss that is worse than the VaR. Yamai and Yoshiba 

(2002) compare VaR and ETL and argue that VaR is not reliable during market 

turmoil, since it can mislead rational investors, whereas ETL can be a better choice 

overall. They state that the gains are substantial when using the ETL measure and its 

estimation is accurate. In other cases, they advise market practitioners to combine the 

two measures for the best results. 

 

 

2.7 Measures of investment performance 
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Measuring the performance of investment outcomes is important to this research, 

because different asset allocation strategies are being evaluated. Academic researchers 

generally use two approaches to evaluate the performance of investment returns. 

When using the first approach, the decision is made based on the expected value with 

a preference function (utility function), and the shape of the utility function represents 

the investor’s attitude toward risk. Markowitz (1952) uses the expected return of 

individual assets and their variance-covariance to derive an efficient frontier to 

maximise the expected return for a given variance. Selecting a portfolio that lies on 

the efficient frontier poses a risk-return trade-off problem for investors by maximising 

their quadratic utility function. Cass and Stiglitz (1970) point out that the mean-

variance optimisation framework can only be valid if the returns are normally 

distributed; however, this assumption is unacceptable to most financial analysts and 

practitioners (Michaud, 1998).  

 

Recent research on behavioural finance indicates that individual preferences cannot be 

defined by one characteristic such as one global degree of risk aversion. Kahneman 

and Tversky (1979) point out that individual investors may have different degrees of 

risk aversion at different future wealth levels compared to their current wealth. They 

argue that investors would be risk-seeking if their future wealth was below their 

current wealth, whereas they are more likely to be risk-averse if their future wealth is 

above their current wealth. Because of the lack of specificity in investors’ utility 

function (Rubinstein, 1973), the trend has been to use more objective criteria to rank 

investment performance. Therefore, risk-adjusted performance measures have become 

widely used in academic research and practice. Unlike utility functions, these 

measures do not involve any specification of the investor’s attitude toward risk; they 

combine a risk and a return measure into a composite means to rank the investment 

performance.              
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Both academics and investment practitioners have favoured reward-to-variability 

(risk) ratios as measures of investment performance. The best known example of this 

is Sharpe Ratio (SR), given by Sharpe (1966). This is defined by  

 
p( ) f

p

E R R
SR




   (17) 

Where p( )E R  denotes the expected return of the portfolio; fR  denotes the return on 

the risk-free asset; p  denotes the standard deviation of the portfolio returns. This 

ratio measures the return of a portfolio in excess of the risk-free rate, also called the 

risk premium, compared to the total risk of the portfolio, measured by its standard 

deviation. Since this measure is based on the total risk of the portfolio, made up of the 

market risk and the unsystematic risk taken by the manager, it enables the 

performance of portfolios that are not very diversified to be evaluated. This measure 

is also suitable for evaluating the performance of a portfolio that represents an 

individual’s total investment. This ratio offers significant possibilities for evaluating 

portfolio performance, while being simple to calculate. One of the most common 

variations on this measure involves replacing the risk-free asset with a benchmark 

portfolio. The measure is then called the information ratio (Sharpe, 1994), which will 

be presented later.  

 

A very similar ratio was provided by Treynor (1965). This is exactly the same as SR 

except it uses beta, a measure of systematic risk of the portfolio, instead of the 

standard deviation of the portfolio. It is represented by  
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Where p  denotes the beta of the portfolio returns. This indicator measures the 

relationship between the return on the portfolio, above the risk free rate, and its 

systematic risk. The ratio is drawn directly from the CAPM and it requires a reference 

index to be chosen to estimate the beta of the portfolio. The results depend heavily on 
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that choice.  

 

A large number of other performance measures have been developed from the modern 

portfolio theory and CAPM. Most of them use a benchmark to calculate the 

performance outcome. One of the most well-known measures is Jensen’s Alpha 

(1968), which is based on CAPM and evaluates the portfolio performance relative to a 

reference index.  

 

However, not all performance measures work within the mean-variance framework of 

modern portfolio theory. Academic researchers increasingly question the risk given by 

a mean-variance framework. Roy (1952) proposes an alternative measure of risk 

known as the safety first ratio. According to him, investors are more concerned about 

the risk of uncomfortable outcomes and require a minimum acceptable return, which 

he refers to as the ‘disaster level’. Roy states that investors prefer investment that has 

the lowest probability of gaining a return below the minimum acceptable level. This 

ratio is mathematically defined by 
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Where tR  is the investor’s minimum acceptable return (MAR). The investor chooses 

the investment that has the maximum safety first ratio, which is the same as the one 

with the minimum probability of returns below the minimum acceptable return. When 

the minimum acceptable return ( TR ) is equal to the risk free rate of return fR , the 

safety first ratio becomes the Sharpe ratio.  

 

Since the above performance measures are based on the assumption of a normal 

distribution of returns, some researchers question their validity. Ang and Chua (1979) 

argue that investment decisions based on these performance measures can give 

misleading results and suggest the reward-to-semi-variance ratio as an alternative. As 
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a downside risk measurement, semi-variance has been used for risk-adjusted 

performance measures in practitioner literature. The most well-known performance 

measure using a downside deviation is Sortino ratio introduced by Sortino and Price 

(1994).  

 

Sortino ratio is a financial ratio, similar to Sharpe ratio, which measures the risk-

adjusted return of investments or portfolios. Unlike Sharpe ratio, Sortino ratio uses 

downside-volatility (sometimes referred to as semi-volatility) as the denominator 

instead of standard deviation. The use of downside-volatility enables Sortino ratio to 

measure the return of “negative” volatility. Using standard deviation as a measure of 

risk may not be completely accurate. For example, when assuming that investment A 

has a return of 10% in year one and -10% in year two, and investment B has a 0% 

return in year one and a 20% return in year two, the total variance in these 

investments is the same, i.e. 20%. However, investment B is obviously more 

favourable. Because the Sharpe ratio measures risk using standard deviation, it does 

not differentiate between positive and negative volatility. Sortino ratio differentiates 

between positive and negative volatility by replacing standard deviation with 

downside-volatility. Downside-volatility is the volatility of returns below a minimal 

acceptable return (MAR) or target return. The distribution of returns is analysed 

below this MAR. The denominator of Sortino ratio is calculated only with data taken 

from periods where the performance was below the set MAR. The ratio can be written 

as:  
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Where TR is the target return, tR  is the return outcome of t-th observation, n is the 

total number of observations below target.  
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Another widely used investment performance measure is Information ratio (IR), 

which was introduced by Sharpe (1994). The Information ratio is a measure of the 

risk-adjusted return of a financial asset or portfolio. It is also known as the Appraisal 

ratio and is defined as the expected active return divided by tracking errors, where the 

active return is the difference between the return of the asset or portfolio and the 

return of a selected benchmark, and the tracking error is the standard deviation of the 

active return. Thus the Information ratio can be written as: 

 
[ ] [ ]

var[ ]

T T

T

E R R E R R
IR

R R

 
 


  (22) 

Where TR is the benchmark or target return, R is the portfolio return, [ ]TE R R  is the 

expected value of active return and  is the standard deviation of the active return. 

The information ratio measures the overall performance of the investment strategy 

compared to the target outcome. Portfolio managers seek to reconcile a high residual 

return and a low tracking error. This ratio enables investors to check that the risk 

taken by the manager in deviating from the benchmark is sufficiently rewarded. It is 

used to evaluate whether or not a manager’s skill in achieving a performance with a 

level of information compared to that available to the public, is better than that of the 

average manager. Since this ratio does not take the systematic portfolio risk into 

account, it is not appropriate for comparing the performance of a well-diversified 

portfolio with that of a portfolio with a low degree of diversification. 
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Chapter 3 

Data and Methodology 

 

The relationship between the optimal asset allocation strategy and the length of 

investment horizon is crucial in finance and retirement planning. In theory, the 

optimal portfolio should either maximise the investor’s expected utility or 

performance measure over a particular holding period. Thus, the risk and return of 

each asset class in the portfolio needs to be estimated. In finance, the problem of 

estimating risk and return over long investment horizons comes from insufficient data 

and uncertainty in the process of generating returns. Researchers typically rely on 

statistical bootstrap techniques to resolve this problem.  

 

In order to test for the existence of a time diversification effect and examine its 

implications on asset allocation for retirement planning over long investment 

horizons, it is necessary to understand and model the return-generating process for 

underlining asset classes across countries. The historical annual asset returns data for 

seventeen countries for more than a century is used, beginning from 1900. Asset 

return generating methods are discussed in this chapter and the main technique used 

in this research is described. A moving block bootstrap re-sampling method is utilised 

in this research as the preferred return generating process, and this is explained later 

in this section. The main assumption in this thesis is that past asset class returns data 

is used to generate future returns scenarios.  

 

 

3.1 Data 

 

To investigate the effect of time diversification on various asset classes and evaluate 

the retirement wealth outcomes of different investment strategies for DC pension 

plans from an international perspective, historical annual returns data in seventeen 
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countries is used to generate simulated returns of each asset class for each holding 

period in every country.  

 

3.1.1 Asset class returns 

 

The asset class returns data in this research consists of a dataset of global returns 

compiled by Dimson, Marsh and Staunton (2002), which is commercially available 

through Ibbotson Associates. An updated version of this dataset, which provides the 

asset class returns of seventeen countries from 1900 to 2007, is used in this thesis.
6
 

The seventeen countries are Australia, Belgium, Canada, Denmark, France, Germany, 

Ireland, Italy, Japan, the Netherlands, Norway, South Africa, Spain, Sweden, 

Switzerland, the UK and the US.
7
 This data is unique in the sense that it covers a 

period of more than 100 years starting from 1900 and seventeen countries. A longer 

period of data is more capable of capturing a wide range of favourable and 

unfavourable historical events on individual asset class returns.  

 

Asset class returns include long-term real returns for stocks, government bonds and 

treasury bills, all of which are annual returns. Unlike most previous long-term studies 

of global markets, the investment returns used in this study include reinvestment of 

gross income as well as capital gains. Many early equity indices only measure capital 

gains and ignore dividends, thereby introducing a downward bias. Similarly, many 

early bond indices only record yields and ignore price movements.
8
  

 

Past researchers have mainly emphasised the US, but it is dangerous to extrapolate the 

successful US experience to other countries. Indices for other countries like Germany 

and Japan have mainly focused on post-war data, which gives a misleading favourable 
                                                             
6
 Germany is based on 106 years, excluding the hyperinflationary years of 1922–1923. 

7
 The first publication in 2002 included sixteen countries and the updated version used in this research 

extended it by including Norway.  
8
 Details of the data of the seventeen countries are provided in Dimson, Marsh and Staunton, Triumph 

of the Optimists: 101 years of Global Investment Returns, Princeton University Press, 2002. 
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impression of the long-term returns from these markets. Therefore, the 108 years’ data 

from seventeen countries used in this study is more comprehensive and accurate than 

that used in previous research. 

 

3.1.2 Descriptive statistics and correlation matrix for asset class returns  

 

The descriptive statistics and correlation matrix of the average annual real return of 

three asset classes (Bills, Bonds, and Stocks) for each country over 108 years are 

reported in Table 3.1. The table consists of seventeen panels, each of which contains 

two tables. The first table in each panel country reports the descriptive statistics for 

each individual asset class returns, while the second table illustrates the cross-

correlation between three asset classes. A comparison of the mean and standard 

deviation of the annual real returns of the series confirms the standard risk-return 

trade-off that would be expected across the three different asset classes. According to 

Table 3.1, stocks have a higher mean return, median return and standard deviation 

than bonds and bills for all seventeen countries (the only exception is Belgium, where 

stocks have a lower median than bonds and bills). Skewness and kurtosis indicate that 

no individual asset class returns are normally distributed in these sample countries.
9
    

 

When comparing the first table in each panel, Sweden is seen to have the highest 

average annual return of 10.05 percent in the stock market with a standard deviation 

of 22.52 percent, whereas Belgium has the lowest annual stock return of 4.67 percent 

with a standard deviation of just below 22 percent. Denmark has the highest annual 

bond return of 3.6 percent, whereas Italy is the only country with a negative annual 

bond return. In addition, Denmark also has the highest annual Bill return of 2.47 

percent, whereas Italy has the lowest return of -2.63 percent. It is obvious that stocks 

outperform bonds and bills in terms of average returns for all seventeen countries. 

Meanwhile, the standard deviation of annual returns for stocks is greater than that of 
                                                             

9
 A normal distribution has skewness of 0 and kurtosis of

23 .  
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bonds and bonds are greater than that of bills for all the countries. The descriptive 

statistics indicate that stocks are more risky than long-term government bonds and 

bills, and higher risky assets have higher returns. For example, the standard deviation 

of the UK’s annual stock return is 19.79 percent, whereas the standard deviation for 

bonds and bills is 13.79 percent and 6.37 percent respectively. The average annual 

stock return is 7.34 percent and the average return for bonds and bills is 2.17 percent 

and 1.21 percent respectively.  

 

The second table in each panel reports the cross-correlation between three asset class 

returns in each country. The annual bond and bill returns have the highest correlation 

compared with the correlation between stocks and bonds/bills. Italy has the highest 

correlation between bonds and bills at 0.89, whereas Spain has the lowest correlation 

between these two assets at 60 percent. The correlation between stocks and bonds is 

relatively lower than the correlation between bonds and bills. The lowest correlation 

is between stocks and bills with a correlation as low as 1 percent in the Netherlands. 

Nevertheless, the cross-correlation between asset class returns in each sample country 

should be considered in this research.   

 

3.1.3 Wage growth Data 

 

The wage growth data used in Chapters 5 and 6 was obtained from Mitchell (1998)’s 

labour earnings indices from 1900 to 1993 and updated from the Hourly Earnings 

(MEI) dataset from the OECD Main Economic Indicators. All missing years wage 

growth data was supplied by the GDP per capital from Maddison’s Statistics (2008), 

which is probably one of the best estimates of labour earnings growth. This wage 

growth data was previously used by Cannon and Tonks (2012), and a more detailed 

discussion of it can be found in their paper.
10

  

 

                                                             
10

 We are grateful to these authors for providing this data.  
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The summary statistics of the real annual wage growth data for the seventeen 

countries is reported in Table 3.2. The average wage growth ranges from 6 percent in 

Japan to a negative 2 percent in Belgium. Japan has the highest standard deviation of 

wage growth rate, whereas Canada and Switzerland have the lowest dispersion in 

wage growth. The Netherlands has the largest increase in wage growth at 2.42 percent, 

while Italy has the biggest decrease in wage at -2.76 percent. The kurtosis and 

skewness of wage growth rate indicate that the distributions of wage growth vary 

significantly across countries. The average wage growth rate is about 1.6 percent for 

the seventeen countries, which is very close to 1.5 percent each year suggested by 

Burtless (2003). 

 

 

3.2 Asset returns generating process  

 

To achieve the objectives of this study, a comparative assessment was made of the 

returns and risks of investment in stocks, long-term government bonds and treasury 

bills for various investment horizons across a number of countries. Since the long-

term performance of asset class returns is crucial for long-term investors, especially 

retirement participants, various asset allocation strategies under DC pension plans 

were further investigated.  

 

The holding periods of returns for various investment horizons can be obtained by 

starting at the beginning of each data series and working toward the end of the series. 

While the holding period returns overlap using this method, the calendar order of 

returns within the holding periods is maintained, thus preserving the autocorrelation 

structure of the returns. Computing such overlapping holding period returns has three 

main disadvantages, the first of which is that the holding period return observations 

are not independent. Secondly, the results will be influenced by the initial values of 

the investing periods, so that the results cannot be generalised. Thirdly, there will be 



56 
 

increasingly fewer observations as the holding period increases. (Alles and 

Athanassakos, 2006) 

 

To determine which computational method would be more efficient, it is necessary to 

understand the time series properties of the data used. One common assumption used 

in finance literature is that asset class returns follow a random walk and this is well 

supported by Samuelson (1963) and Fama (1965, 1970). Several studies reject the 

notion of the mean reversion of long-term stock returns and support the random walk 

model (see Kim, Nelson, Startz, 1988). While Poterba and Summers (1988) found 

evidence that markets do mean-revert, in contrast, Lo and MacKinlay (1988) did not 

find evidence of mean-reversion. Jedadeesh (1991) found evidence of mean-reversion 

in the US and UK markets (but noted that it was a seasonal phenomenon entirely 

concentrated in January) and Balvers, Wu and Gilliland (2000) also found evidence 

for mean-reversion using data from 18 countries. With such mixed evidence, the 

debate and study will continue.  

 

3.2.1 Monte Carlo simulation method 

 

The Monte Carlo simulation (MCS) method introduced by Metropolios and Ulam 

(1949) has been widely used to estimate VaRs and other financial risk measures (e.g. 

Picoult, 1998). It has been favoured by academics and actuaries to evaluate the 

investment risk of both DB and DC pension plans (see Blake et al., 2001, 2007; 

Johnston, Forbes and Hatem, 2001).  The MCS is a general method that simulates a 

stochastic process by drawing random numbers from a predetermined probability 

distribution. Unlike historical stimulation, which does not assume any specified 

distribution, the MCS estimates statistical parameters from historical data, and then 

uses it to simulate future outcomes. One common type of MCS is to assume that asset 

class returns are normally distributed and their correlations are constant.  
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The major concern about the MCS is that it requires strict assumptions of the 

probability distribution of asset class returns. One commonly-used assumption is that 

asset class returns follow a multivariate normal distribution, where skewness and 

kurtosis (fat tail) of the original cannot be ruled out. In addition, the MCS method 

assumes that asset class returns are independent, i.e. there is no serial correlation 

between each type of asset class. This disregards the possibility of mean reversion in 

any asset class returns. Finally, the assumption of constant cross-asset correlation 

could be inaccurate, if there is a time-varying equity risk premium.  

 

3.2.2 Bootstrap resampling method 

 

The Monte Carlo simulation method requires assumptions about the distribution of 

asset class returns. Such explicit distributional assumptions of the return generating 

process are questionable and the results based on such assumptions could be queried 

by the research community. This is the major shortcoming of the traditional MCS 

method. In order to resolve this problem, bootstrap re-sampling could be used as an 

alternative non-parametric method, since it does not require any assumptions of the 

distribution of underlying asset returns. The idea of re-sampling is to randomly pick 

repeated samples from the sample data in hand. There are two well-known methods of 

drawing random samples from given sample data. The first is called jack-knife, which 

was introduced by Quenouille (1956), while the other is bootstrap, which was 

established by Efron (1979). The jack-knife method, which deletes several pieces of 

data at each cycle of computation, is not commonly used in econometrics (Maddala, 

2002). On the other hand, the bootstrap method is a popular econometric technique, 

which is generally used to estimate sampling distributions using original data 

(Kennedy, 2003).   

 

The Bootstrap method, introduced by Efron (1979), is a computer-intensive method, 

which enables estimated risk to be considered because it estimates the distribution of 
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an estimator or a statistic by re-sampling the data at hand. It is used to estimate the 

sampling distribution of an estimator by re-sampling with replacements from the 

original sample. One major advantage of the bootstrap method is that it requires fewer 

assumptions than traditional methods and generally produces more accurate answers. 

Bootstrapping is becoming popular, because it does not require the normality 

assumption to be met, and it can also be effectively utilised with smaller sample sizes 

(e.g. N < 20). 

 

Bootstrapping normally involves three steps, the first of which is to create hundreds of 

new samples, called bootstrap re-samples by sampling with replacements from the 

original sample data. Each resample is the same size as the original random sample. 

Sampling with replacements means that, after randomly drawing an observation from 

the original sample, it is put back before drawing the next observation. The 

distribution of these resample statistics is known as a bootstrap distribution. Secondly, 

the statistic for each resample is calculated to acquire the bootstrap distribution. 

Thirdly, the bootstrap distribution is used. (Moore, 2003)  

 

Figure 3.1 Bootstrap resample example 

 

(Source: Moore, 2003) 

 

Figure 3.1 illustrates the bootstrap resample process. The top box, which contains 6 

numbers, is the original sample data. The three lower boxes are three re-samples from 

the original sample data. It should be noted that some values from the original sample 

occur more than once in the re-samples because each resample is formed by sampling 

with a replacement. This enables the statistics for each resample to be calculated, 
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which is known as a bootstrap distribution. In this example, there are three bootstrap 

re-samples. There are no rules for the exact number of bootstrap resamples to be used 

for academic research,  but as a general guideline, 1000 re-samples are often enough 

for a first look. 

 

There are mainly two different kinds of bootstrap methods: parametric methods and 

nonparametric methods. Parametric methods assume that the underlying population 

model is known. They are residual-based re-sampling with replacements from 

empirical residuals. However, if the structure of the serial correlation is not tractable 

or is misspecified, the residual-based methods will produce an inconsistent estimate, 

whereas the nonparametric methods assume that the true model for the underlying 

population is unknown.  

 

Nonparametric bootstrap methods are most commonly used in DC pension research. 

Basu and Drew (2009) used both Monte Carlo simulation and a bootstrap re-sampling 

technique to simulate terminal wealth outcomes under various asset allocation 

strategies to evaluate their relative performance in the default investment choice in 

defined contribution (DC) pension plans. They found that, although both methods 

provided similar results, they preferred the latter method, since there was no need for 

distributional assumptions of the underlining assets. One explanation for this could be 

that bootstrap re-sampling likes the MCS method, which eliminates any possible 

serial correlation within each asset class, and thus, does not capture any positive 

(mean aversion) or negative (mean reversion) serial correlation in asset class returns. 

 

3.2.3 Moving-block bootstrap method  

 

Carlstein (1986) and Künsch (1989) introduced the moving block bootstrap, which is 

applicable for general dependent time series data and preserves cross-sectional 

correlation within the block. This study adopts the moving block bootstrap because it 
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provides more general and accurate results. 

 

Given a set of observation ty , t = 1,…, T, the moving block bootstrap divides the data 

of T observation into block lengths of k and selects b = T – k + 1 blocks by 

resampling with replacements of all the possible blocks. The blocks are 

t t t+1 t+k-1x ={y ,y ,..., y } for k = 1, 2, . . . , (T – k +1). Sampling with replacements from 

blocks 1 2 b{x , ,..., }x x  forms pseudo-data, * * *

1 2{x , ,..., }lx x  of length T = lk. The statistic 

of interest is then calculated for each of the many sets of pseudo-data. For example, 

with T = 6 and k = 3 suppose the data is: ty = {3, 6, 7, 2, 1, 5}, the blocks are {(3,6,7), 

(6,7,2), (7,2,l), (2,1,5)}. 

 

In this dataset, T = 108 and a block length of 10 years was chosen because it is 

probably sufficiently long to capture most forms of possible time dependences. 

Choosing a different block length could produce different results. Hansson and 

Persson (2000) argue that a moving block bootstrap will destroy the time dependence 

of the data as the block length decreases; therefore, the average accuracy will decline. 

On the other hand, as the block length increases, there are fewer blocks available; thus, 

the pseudo data will look similar and again decrease the accuracy. They used 7 and 10 

year block lengths to check the robustness of their results compared with a block 

length of 5, and obtained very similar results. They further indicated that the optimal 

block length is between 5 and 10 years.   

 

In Chapter 5 and 6, the 108 years’ data of stock and bond returns are grouped into 99 

overlapping blocks with a block size of 10 years. Each block contains 10 years’ stocks 

and bonds returns, so that the serial correlation and cross-correlation are both 

preserved within the block. If the investment horizon is given as 40 years, the blocks 

are then re-sampled randomly with replacements to obtain a 40-year investment 

horizon, which is equivalent to constructing a trajectory for stocks and bonds for each 
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drawing. The simulation trail is iterated 5000 times in this study and generates 5000 

independent 40-year return paths. Since return observations for good or bad years can 

be repeated a number of times within a bootstrap sample, a large number of bootstrap 

samples from the historical data can capture a much wider range of future possibilities. 
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Table 3.1: Real return data for seventeen countries’ asset classes, 1900-2007 

Table 3.1 provides the descriptive statistics and correlation matrix of the average 

annual real return of Bills, Bonds, and Stocks for each country over 108 years. The 

table consists of seventeen panels, each of which contains two tables. The first table in 

each panel country provides the descriptive statistics for each individual asset class 

returns and the second table illustrates the cross-correlation between the three asset 

classes. SE and SD denote standard error and standard deviation.  

 

      Panel A: Australia        

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.79 2.17 9.37 Stocks 1 0.34 0.25 

SE 0.53 1.27 1.69 Bonds 0.34 1 0.64 

Median 1.19 2.22 12.35 Bills 0.25 0.64 1 

SD 5.46 13.19 17.52 

    Variance 29.86 174 307.05 

    Kurtosis 4.44 6.28 3.04 

    Skewness -0.05 0.7 -0.28 

    Range 33.99 88.76 89.57 

    Minimum -15.54 -26.59 -38.09 

    Maximum 18.45 62.16 51.48 

    Observation 108 108 108         

      Panel B: Belgium       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean -0.01 0.53 4.67 Stocks 1 0.42 0.2 

SE 0.78 1.17 2.11 Bonds 0.42 1 0.63 

Median 2.1 2.1 0.5 Bills 0.2 0.63 1 

SD 8.15 12.12 21.98 

    Variance 66.46 146.92 483.07 

    Kurtosis 4.33 3.48 5.17 

    Skewness -0.76 0.04 0.94 

    Range 48.52 71.17 136.46 

    Minimum -22.89 -30.64 -35.92 

    Maximum 25.63 40.53 100.54 

    Observation 108 108 108         
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Table 3.1 (cont’d) 

      Panel C: Canada       

1.      Descriptive Statistics  

 

2.     Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 1.76 2.53 7.63 Stocks 1 0.19 0.08 

SE 0.47 1 1.6 Bonds 0.19 1 0.62 

Median 2.14 1.86 6.65 Bills 0.08 0.62 1 

SD 4.93 10.43 16.63 

    Variance 24.27 108.8 276.56 

    Kurtosis 9.18 4.33 2.86 

    Skewness 0.89 0.56 0.08 

    Range 39.58 67.6 87.19 

    Minimum -12.52 -25.92 -31.99 

    Maximum 27.06 41.68 55.2 

    Observation 108 108 108         

      Panel D: Denmark       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 2.47 3.6 6.95 Stocks 1 0.52 0.13 

SE 0.59 1.13 1.93 Bonds 0.52 1 0.66 

Median 2.48 3.25 4.63 Bills 0.13 0.66 1 

SD 6.11 11.76 20.1 

    Variance 37.38 138.29 403.9 

    Kurtosis 6.94 5.66 9.46 

    Skewness 0.52 1.21 1.83 

    Range 40.92 68.27 136.36 

    Minimum -15.79 -18.15 -28.56 

    Maximum 25.13 50.12 107.81 

    Observation 108 108 108         

      Panel E: France       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean -2.38 0.6 6.16 Stocks 1 0.41 0.25 

SE 0.93 1.26 2.21 Bonds 0.41 1 0.81 

Median -0.02 2.13 3.77 Bills 0.25 0.81 1 

SD 9.68 13.1 22.99 

    Variance 93.73 171.71 528.67 

    Kurtosis 6.6 4.63 2.71 

    Skewness -1.2 -0.68 0.4 

    Range 68.17 79.37 106.06 

    Minimum -38.52 -43.46 -39.99 

    Maximum 29.66 35.91 66.07 

    Observation 108 108 108         
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Table 3.1 (cont’d) 

      Panel F: Germany       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.27 0.6 8.42 Stocks 1 0.46 0.17 

SE 0.98 1.49 3.11 Bonds 0.46 1 0.66 

Median 1.8 2.65 6.39 Bills 0.17 0.66 1 

SD 10.2 15.5 32.27 

    Variance 104.13 240.2 1041.66 

    Kurtosis 12.93 16.71 8.4 

    Skewness -2.09 -2.05 1.46 

    Range 84.92 154.82 245.37 

    Minimum -46.07 -92.32 -90.77 

    Maximum 38.85 62.5 154.6 

    Observation 108 108 108         

      Panel G: Ireland       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.85 2.03 6.86 Stocks 1 0.53 0.38 

SE 0.65 1.42 2.14 Bonds 0.53 1 0.67 

Median 0.95 0.48 2.81 Bills 0.38 0.67 1 

SD 6.73 14.8 22.22 

    Variance 45.25 219.12 493.57 

    Kurtosis 15.13 5.44 3.65 

    Skewness 1.86 0.99 0.56 

    Range 57.76 95.32 121.47 

    Minimum -15.53 -34.09 -53.08 

    Maximum 42.23 61.24 68.39 

    Observation 108 108 108         

      Panel H: Italy       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean -2.63 -0.46 6.49 Stocks 1 0.41 0.35 

SE 1.12 1.37 2.78 Bonds 0.41 1 0.89 

Median 0.13 2.09 5.04 Bills 0.35 0.89 1 

SD 11.68 14.22 28.86 

    Variance 136.38 202.16 833.07 

    Kurtosis 19.13 8.32 5.32 

    Skewness -3.54 -1.77 0.76 

    Range 90.75 92.95 193.51 

    Minimum -76.55 -64.29 -72.85 

    Maximum 14.2 28.66 120.66 

    Observation 108 108 108         
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Table 3.1 (cont’d) 

      Panel I: Japan       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean -0.34 1.5 6.49 Stocks 1 0.39 0.44 

SE 1.36 1.96 2.87 Bonds 0.39 1 0.73 

Median 1.25 3.35 6.12 Bills 0.44 0.73 1 

SD 14.13 20.37 29.84 

    Variance 199.59 415.01 890.54 

    Kurtosis 16.25 7.45 5.26 

    Skewness -3.12 -0.84 0.51 

    Range 107.29 147.28 206.59 

    Minimum -77.51 -77.5 -85.51 

    Maximum 29.78 69.78 121.08 

    Observation 108 108 108         

      Panel J: Netherlands     

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.82 1.7 7.31 Stocks 1 0.11 0.01 

SE 0.48 0.91 2.03 Bonds 0.11 1 0.63 

Median 0.89 0.99 6.7 Bills 0.01 0.63 1 

SD 5.02 9.47 21.13 

    Variance 25.15 89.63 446.41 

    Kurtosis 5.42 4.52 6.03 

    Skewness 0.33 0.68 1.05 

    Range 32.36 50.87 136.45 

    Minimum -12.71 -18.06 -34.87 

    Maximum 19.65 32.8 101.59 

    Observation 108 108 108         

      Panel K: Norway       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 1.43 2.36 7.33 Stocks 1 0.2 0.19 

SE 0.7 1.18 2.58 Bonds 0.2 1 0.77 

Median 1.26 1.99 5.06 Bills 0.19 0.77 1 

SD 7.27 12.31 26.8 

    Variance 52.9 151.47 718.18 

    Kurtosis 7 9.42 14.08 

    Skewness 0.23 0.64 2.34 

    Range 56.55 110.17 217.45 

    Minimum -25.36 -48.02 -50.56 

    Maximum 31.19 62.14 166.89 

    Observation 108 108 108         
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Table 3.1 (cont’d) 

      Panel L: South Africa     

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 1.2 2.26 9.68 Stocks 1 0.45 0.21 

SE 0.61 1.01 2.16 Bonds 0.45 1 0.66 

Median 0.9 2.1 6.87 Bills 0.21 0.66 1 

SD 6.31 10.46 22.48 

    Variance 39.84 109.43 505.44 

    Kurtosis 8.54 4.44 5.37 

    Skewness 0.02 0.28 0.92 

    Range 55.04 69.64 155.11 

    Minimum -27.76 -32.57 -52.23 

    Maximum 27.28 37.07 102.88 

    Observation 108 108 108         

      Panel M: Spain       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.51 1.98 6.17 Stocks 1 0.37 0.22 

SE 0.57 1.14 2.11 Bonds 0.37 1 0.6 

Median 1.27 2.26 2.57 Bills 0.22 0.6 1 

SD 5.94 11.87 21.88 

    Variance 35.28 140.82 478.6 

    Kurtosis 4.8 5.95 4.91 

    Skewness -0.97 0.53 0.77 

    Range 36.41 83.48 142.75 

    Minimum -23.83 -30.24 -43.32 

    Maximum 12.58 53.24 99.42 

    Observation 108 108 108         

      Panel N: Sweden       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 2.15 3.09 10.05 Stocks 1 0.2 0.12 

SE 0.66 1.2 2.17 Bonds 0.2 1 0.76 

Median 2.57 2.03 8.31 Bills 0.12 0.76 1 

SD 6.89 12.49 22.52 

    Variance 47.54 155.93 507.16 

    Kurtosis 16.4 9.9 3.82 

    Skewness 0.9 1.28 0.55 

    Range 67.22 104.83 127.57 

    Minimum -24.49 -36.67 -37.23 

    Maximum 42.73 68.15 90.34 

    Observation 108 108 108         
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Table 3.1 (cont’d) 

      Panel O: Switzerland     

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 0.93 2.87 6.33 Stocks 1 0.39 0.27 

SE 0.49 0.75 1.89 Bonds 0.39 1 0.79 

Median 1.03 2.04 5.4 Bills 0.27 0.79 1 

SD 5.06 7.81 19.6 

    Variance 25.6 61 384.24 

    Kurtosis 10.32 6.99 3.33 

    Skewness 0.41 0.91 0.41 

    Range 42.32 55.84 97.19 

    Minimum -16.5 -18.09 -37.83 

    Maximum 25.82 37.75 59.36 

    Observation 108 108 108         

      Panel P: UK       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 1.21 2.17 7.34 Stocks 1 0.55 0.28 

SE 0.61 1.33 1.9 Bonds 0.55 1 0.64 

Median 1.67 0.33 6.24 Bills 0.28 0.64 1 

SD 6.37 13.79 19.79 

    Variance 40.6 190.22 391.58 

    Kurtosis 18.29 6.11 6.57 

    Skewness 2.02 1.13 0.66 

    Range 57.83 89.62 153.73 

    Minimum -15.45 -30.66 -57.07 

    Maximum 42.39 58.96 96.66 

    Observation 108 108 108         

      Panel Q: US       

1.      Descriptive Statistics  

 

2.      Correlation Matrix 

   Bills Bonds Stocks   Stocks Bonds Bills 

Mean 1.08 2.38 8.47 Stocks 1 0.22 0.16 

SE 0.45 0.94 1.93 Bonds 0.22 1 0.63 

Median 1.2 1.85 9.9 Bills 0.16 0.63 1 

SD 4.7 9.82 20.01 

    Variance 22.13 96.4 400.41 

    Kurtosis 6.38 4.19 2.65 

    Skewness -0.15 0.72 -0.14 

    Range 34.88 54.5 94.51 

    Minimum -15.07 -19.37 -38.02 

    Maximum 19.8 35.13 56.49 

    Observation 108 108 108         
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Table 3.2: Summary statistics for real wage growth data 

Table 3.2 provides the summary statistics of the real annual wage growth data for the 

seventeen countries from 1900 to 2007. St Dev, Max and Min denote standard 

deviation, maximum and minimum respective. 

 

 
Mean St Dev Max Min Kurtosis Skewness 

Australia 0.01 0.04 0.24 -0.13 9.87 1.32 

Belgium -0.02 0.10 0.35 -0.42 2.75 -0.85 

Canada 0.01 0.03 0.10 -0.08 0.70 0.25 

Denmark 0.02 0.07 0.56 -0.12 33.60 4.30 

France 0.02 0.10 0.55 -0.27 12.57 1.86 

Germany 0.01 0.13 0.34 -0.68 13.49 -2.73 

Ireland 0.01 0.05 0.14 -0.15 1.13 -0.43 

Italy 0.01 0.32 1.09 -2.76 55.50 -5.52 

Japan 0.06 0.37 2.40 -1.48 26.97 2.97 

Netherlands 0.04 0.28 2.42 -0.68 64.51 7.44 

Norway 0.01 0.09 0.25 -0.45 9.65 -2.18 

South Africa 0.00 0.05 0.12 -0.25 10.37 -1.93 

Spain 0.02 0.06 0.19 -0.13 0.95 -0.23 

Sweden 0.02 0.06 0.31 -0.18 7.28 1.16 

Switzerland 0.02 0.03 0.10 -0.09 1.93 -0.67 

UK 0.01 0.04 0.15 -0.13 2.71 0.11 

US 0.01 0.04 0.18 -0.12 6.11 1.05 
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Chapter 4  

Time Diversification: International Evidence 

 

4.1 Introduction 

 

If people save money for their retirement, they are likely to have a long-term 

investment horizon. The most important problem is deciding how to allocate their 

funds between stocks and other asset classes. A conventional asset allocation policy 

commonly recommended by practitioners is that investors should increase their 

proportion of stocks in their investment portfolio as their investment horizons 

lengthen. The basic principle behind this recommendation is the existence of a time 

diversification effect that stocks are less risky as the investment horizon increases.  

 

Time diversification is part of the conventional wisdom of Wall Street, and the 

following is a quote from a Vanguard web page for investor education:  

 

“The more time you have until you’ll need your money, the greater your 

ability to weather short-term declines in the prices of your holdings. So if 

your time horizon is at least ten years, emphasising stocks in your 

investment programme may help you to achieve your financial goals more 

readily.”
11

 

 

Time diversification is the belief that risk declines over longer investment horizons. 

This implies that younger investors should hold more stock in their portfolios because 

they have more time for good years to offset bad years in the future. (McCann, 2005) 

The idea is that above-average returns tend to offset below-average returns over a 

                                                             
11

 Vanguard, “Personal Investors, Planning and Education, Stock, bond and cash investments: Time 

horizon”,https://flagship.vanguard.com:443/VGApp/hnw/planningeducation/education/PEdIESBCInve

stmentsContent.jsp, accessed 5 July 2009. 

https://flagship.vanguard.com/VGApp/hnw/planningeducation/education/PEdIESBCInvestmentsContent.jsp
https://flagship.vanguard.com/VGApp/hnw/planningeducation/education/PEdIESBCInvestmentsContent.jsp
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long horizon; therefore, increasing an investor’s time horizon reduces the risk of 

holding stocks. The issue of time-diversification is closely linked to the equity risk 

premium and market mean reversion. The issue of the efficiency of time-

diversification is an important phenomenon for fund managers, as well as economic 

agents. It can be closely related to several theoretical approaches in managerial 

decisions and financial economics. 

 

The notion of time diversification is a popular debate within the investment 

community, as well as among academics. Practitioners often advise investors with a 

long horizon to invest more heavily in stocks as opposed to investors with a short 

horizon (see Lee, 1990 and Siegel, 1998). This view has been heavily criticised by 

Samuelson (1969, 1994), Bodie (1995) and Kritzman (2005) among others. Although 

whether or not time diversification is valid remains an open debate, understanding this 

issue is crucial for the asset allocation decisions of investors with constrained 

investment horizons.  

 

Studies that support time diversification as a way of reducing risk can be categorised 

into the following three types: 

 

1. Examining historical returns over various holding periods using overlapping 

period returns for a longer horizon; for example, see Levy (1978) and Siegel 

(1992). A weakness of these studies is that the overlapping holding periods are not 

independent; thus, the result may be overstated.  

2. Empirical resampling method. This extends the historical data by randomly 

resampling the data with a replacement; for example, see Butler and Domian 

(1991) and Howe (2002). One major drawback of this method is that it does not 

take the serial correlation of asset returns into account.  

3. The Monte Carlo simulation method. This assumes return-generating distributions 

based on estimated parameters, such as expected returns, risk premiums, 
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volatilities and correlations. Also, it analytically derives future wealth distribution; 

for example, see Reichenstein (1986), Leibowitz and Langetieg (1989), and Blake 

et al. (2007). One disadvantage of this method is that the results are very sensitive 

to the choice of return-generating process. 

 

Previous studies on time diversification have mainly focused on the US
12

 whereas this 

study provides an international perspective of time diversification effects across 

seventeen countries. The purpose of this study is to investigate the relative 

performance of stocks, long-term government bonds and treasury bills for various 

investment horizons across the world and to determine whether or not investment risk 

decreases over time, i.e. whether or not the notion of time diversification is valid. The 

model used in this study is unconditional in the sense that it does not try to model any 

possible time series relationships among asset class returns. Any time dependency is 

implicitly accounted for by resampling a large number of returns from the original 

data by a computer-intensive method called moving block bootstrap resampling. The 

moving block bootstrap method enables with the generation of sufficient non-

overlapping holding period returns for long investment horizons and also takes 

autocorrelation and cross-asset correlation into account. Therefore, it provides a more 

generalised result.  

 

The reminder of this chapter is organised as follows: section 2 describes the notion of 

time diversification and previous research; section 3 examines the sample data and 

summery statistics, and explains the methods used in this study; section 4 contains an 

analysis of the empirical results, while section 5 summarises the findings and 

concludes the chapter. 

 

 

 
                                                             
12

 Ratner, Arbelaez and Leal (1997) use data from four Latin American countries. Sanfilippo (2003) 

examines the French data, while Alles and Athanassakos (2006) study the Canadian market. 
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4.2 Theory of Time Diversification 

 

The modern portfolio theory demonstrates that investment risk can be reduced 

without sacrificing the expected return by diversifying asset classes. Some argue that 

this principle can also be used in the time dimension, and this is known as time 

diversification. Time diversification is the notion that the investment risk decreases as 

the investment horizon lengthens. The argument is that, if investing for a sufficiently 

long time, good year returns can offset bad year returns; thus, time diversifies a 

portfolio in a similar way as multiple assets.  

 

Time diversification helps to reduce the risk that investors may suffer at a bad time in 

the economic cycle. Investors should hold more risky assets with higher expected 

returns over long investment horizons rather than over shorter periods of time. This 

has a much greater impact on investments that have a high degree of volatility, such as 

stocks, where prices can fluctuate over the short term. Longer time periods will 

smooth those fluctuations. In contrast, time diversification is less significant for 

relatively stable investments, such as certificates of deposit, money market funds and 

short-term bonds. This is the advice commonly given by financial advisors, especially 

retirement financial planners, to their clients.  

 

Time diversification has been widely accepted in actuarial thinking and practice. For 

example, Yakoubov, Teeger and Duval (1999) incorporate equity risk decay in the 

stochastic investment model in which they describe the results of “high short-term 

volatility (which derives from market sentiment) and significantly lower long-term 

volatility (which arises from economic fluctuation)” (p. 37). 

 

It is generally accepted among practitioners that the investment horizon plays a 

crucial role in determining an investment portfolio. According to practitioners’ view, 

long-term investors should concentrate their investment in risky stocks because of the 
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time diversification effect. The idea is that increasing an investor’s time horizon 

reduces the risk of holding stocks. 

 

A good example of time diversification can be seen in Figure 4.1 shown below, which 

is adapted from Jeremy J. Siegel’s Stocks for the Long Run (1998). In this chart, the 

risk of loss, i.e. negative returns, decreases as the holding period increases. The worst 

one-year return for any one-year holding period between 1802 and 1997 was -38.6 

percent; for any five-year holding period, the worst five-year compounded average 

annual return was -11 per cent; and for any thirty-year holding period, the worst 

thirty-year compounded average annual return was +2.6 percent. The direct 

implication of Siegel’s view is that investors with a long-term investment horizon 

should allocate a higher proportion of their portfolio to stocks and reduce the 

proportion of risky assets held as they age. 

 

Figure 4.1 Holding period returns for equities in the US 

 

(Source: Jeremy J. Siegel’s Stocks for the Long Run, 1998) 

 

The notion of time diversification is a popular debate within the investment 

community, as well as among academics. Time diversification has always been 

controversial. Samuelson (1969, 1994) argues that investors should hold the same 

proportion of equity over each time period under a certain utility function, for 
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example, a logarithmic utility function. However, he also indicates that, if the returns 

are mean-reverting rather than independent, there will be a case of time 

diversification. Bodie (1995) uses the option pricing theory to support Samuelson’s 

argument that the costs of put options increase as the investment horizon lengthens. 

Kritzman (2005) argues that the probability of a loss increases with time rather than 

decreases, as claimed by conventional time diversification. 

 

The key assumptions made by financial theorists like Samuelson are as follows: 

1. Stock returns are serially uncorrelated i.e. they follow a random walk; 

2. Investors have a constant relative risk aversion (CRRA) utility function; 

3. Investors’ future wealth only depends on their investment. 

 

While the second and the third assumption have been well discussed in finance 

literature, the validity of the first assumption has drawn the most attention from 

researchers of time diversification. The random walk assumption was discussed in the 

previous section 2.2.1 and it is hard to hold in practice. If the returns of stocks, bonds 

and bills all followed a random walk, the volatility of all the asset class returns would 

decay by the same factor (  ) over a long horizon. In such a scenario, there would 

be no reason for risk-averse investors to hold more stocks over a long investment 

horizon than they would over a short holding period.  

 

The second assumption is that investors’ utility function is CRRA, and this is an 

important issue when discussing time diversification. Decreasing RRA will have a 

positive impact on the time diversification debate, while increasing RRA will have a 

negative impact and constant RRA will have no impact at all. A great deal of research 

has been conducted to estimate the RRA of investors and the measurement appears to 

be sensitive to the measure of wealth used. There are conflicting findings of 

increasing RRA (Siegel and Hoban, 1982), constant RRA (Szpiro, 1986) and 

decreasing RRA (Levy, 1994), which indicates that the debate on risk aversion 
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remains wide open. If long-term investors invest more in risky assets, it does not 

necessarily mean that risky assets are less risky in the long term. It could simply be 

that long-term investors are more willing to accept higher risk. Theoretical evidence 

that investors with longer horizons are more willing to take risk can be found in 

Gollier (2002), Vanini and Vignola (2002), and Siegman and Lucas (2005). Moreover, 

Fisher and Statman (1999), and Olsen and Khaki (1998) provide behavioural 

explanations for time diversification.    

 

The total wealth of an individual includes both investment and human capital, both of 

which change with age. Young investors with long investment horizons can invest 

more in risky assets because they can postpone consumption or work harder to 

generate more labour income if the investments perform poorly (Samuelson, 1994). 

On the other hand, as investors grow older, their human capital declines, as well as 

their ability to increase their labour income. Samuelson (1994) argues that, with age, 

human capital is converted into liquid capital, which results in the fraction of stocks 

held appearing to decrease when compared to liquid capital, whereas the fraction 

actually remains unchanged when compared to total wealth. Campbell and Viceira 

(2002) state that time diversification is optimal, even with a random future income, as 

long as there is a low correlation between labour income and stock market returns. 

Cocco, Gomes and Maenhout (2005) argue that time diversification may be optimal 

depending on the shape of the labour income profile.  

 

The model used in this research is unconditional in the sense that no assumptions are 

made about the return-generating process among asset class returns. Any time 

dependency is implicitly accounted for by resampling a large number of returns via a 

moving block bootstrap resampling, which provides sufficient non-overlapping 

holding period returns for long horizons and also considers autocorrelation and cross-

asset correlation. Secondly, no utility functions are assumed in this study, since 

different utility functions may favour or disfavour time diversification based on 
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underlying assumptions of utility functions. In addition, labour income is not 

considered in this study. This is simply because it is more interested in determining 

how investment risk changes by holding different asset classes over longer investment 

horizons.  

 

Previous research on time diversification is as follows: Levy (1978) investigated time 

diversification effects by using historical returns over various holding periods. He 

found that equities outperformed treasury bills in every 25-year holding period by 

using one-year overlapped returns from 1926 to 1977. However, as Levy observed, 

and McEnally also pointed out in 1985, these overlapping returns are not independent 

and misrepresent a true 25-year return distribution.  

 

Howie (1997) demonstrated that there is no evidence that time diversification occurs, 

based on 36 years of South African data. He compared the annualised standard 

deviation of returns over different non-overlapping time periods ranging from 1 

month to 3 years. In contrast to the analysis of Howie (1997), UK data suggests that 

there may be evidence that equity risk decays over time, although this is not 

conclusive. This supports the suggestion by Siegel (1998) that the volatility of real 

equity returns is substantially lower than that of bonds or cash in the long run, but it is 

higher than the volatility of bonds and cash in the short term. 

 

Butler and Domian (1991, 1993) adopted the bootstrap resampling technique to 

examine monthly return data on five asset classes in the US. They found that stock 

investment became increasingly less risky than bonds by lengthening the 

accumulation period. Based on the capital market history, they found that there was a 

less than four percent chance that common stocks would underperform corporate 

bonds over a 30-year holding period.  

 

Jeremy Siegel is one of the most famous supporters of time diversification. Siegel 



77 
 

(1998) examined the record of historical stock, bond, and Treasury bill returns from 

1802 to 1997, found that stocks outperformed bonds 60.21 percent of the time over 

one-year holding periods from 1802 to 1992, and outperformed T-bills 61.26 percent 

of the time. Also, over 20-year rolling time periods, stocks beat bonds 91.28 percent, 

and beat T-bills 94.19 percent of the time. Thus, Siegel concluded that time 

diversification does exist.  

 

Exley, Mehta, Smith and van Bezooyen (1998) dismissed time diversification as being 

a “persistent fallacy” on theoretical grounds, based on the argument that 

diversification in general is based on the premise of independence. This means that, 

even if share price movements in each period are independent, the share price at the 

end of a period depends on the share price at the start of the period. It follows that, if 

the assumption of independence does not hold, time diversification does not hold; 

instead, risk “compounds through time” rather than decays. However, this theoretical 

dismissal is based on the notion that returns in non-overlapping periods are 

independent of each other. The random walk model based on the Efficient Market 

Hypothesis (EMH) is the simplest model to incorporate this idea. The random walk 

model in its weakest form states: “there is no information in historic price movements 

which enables a trader to predict future movements profitably” (Smith, 1996). If there 

is evidence that returns in non-overlapping periods are not independent of each other, 

then there is evidence that time diversification exists. 

 

Campbell and Viceira (2002) argue that the notion that equity risk decays is 

mathematically equivalent to the notion that excess stock returns mean-revert (i.e. 

there is time variation in the equity risk premium). If mean-reversion exists, it is 

optimal to reduce equity exposure after a period of high returns and vice versa. 

 

Alles and Athanassakos (2006) looked at the returns, risks and end-of-period wealth 

distributions of various Canadian asset classes at increasing horizons between 1957 
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and 2003, based on the bootstrapping technique, and the results showed that 

investment outcomes at short horizons could be quite different from outcomes at 

longer horizons. He indicated that there was evidence of time diversification and that 

stocks continued to exhibit more favourable risk-return payoffs than other asset 

classes, even at shorter time intervals. Alles and Murray (2009) further assessed the 

impact of investment horizons in the UK based on a block bootstrapping technique, 

and found favourable evidence for time diversification in the UK with an investment 

horizon of 5 years. They also indicated that the probability of a shortfall in the end-of-

period wealth decreases as the investment horizon lengthens.  

 

Hansson and Persson (2000) used a moving block bootstrap method to investigate the 

effect of time diversification on a mean-variance efficient portfolio and concluded that 

investors could gain from time diversification. They argued that the weight of stocks 

in an efficient portfolio was significantly larger for long-term investors than those 

with only a one-year investment horizon.  

 

Sanfilippo (2002) investigated the relative performance of stocks and bonds for 

various investment horizons in the French Market from 1950 to 2000. He used a new 

Markowian moving block bootstrap approach to take account of estimated risk. He 

found that the risk of investing in stocks decreased over time and that the 

conventional wisdom of the investment community concerning time diversification 

should be accepted. 

 

Strong and Taylor (2001) examined optimal portfolio time diversification and two 

definitions of ex-ante time diversification using almost two centuries of US and UK 

data, and found some support for time diversification and mean-aversion in fixed-

income asset returns. Moreover, they argued that the results were sensitive to changes 

in investor risk preference, changes in utility function specification, changes in the 

sample period used, changes in investor constraints, and also differences between the 
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US and UK markets. 

 

Jorion (2003) investigated the long-term global stock market return data of thirty 

countries, and illustrated that the downside risk of investment in foreign markets was 

greater than the downside risk in US equities and found no evidence of mean 

reversion. He concluded that time diversification is less beneficial than generally 

believed if history is taken as a guide for investment risk; also, the probability of 

losses on equities declines very slowly with the investment horizon. He suggested that 

across-country diversification was more effective than across-time diversification. 

 

This study follows an empirical resampling process similar to that of Hanson and 

Persson (2000) and Alles and Murray (2009). In contrast to the resampling method 

used by Butler and Domian (1993) and Basu and Drew (2009), this approach does not 

need to assume that asset class return series are independently distributed over time. A 

full description of the resampling procedure is presented in the following section. 

 

 

4.3 Empirical analysis   

 

The data used in this study consists of annual real returns for equities, long-term 

government bonds and treasury bills from seventeen counties between 1900 and 2007. 

It was obtained and updated from Dimson, Marsh and Staunton (2002). The seventeen 

countries are Australia, Belgium, Canada, Denmark, France, Germany, Ireland, Italy, 

Japan, the Netherlands, Norway, South Africa, Spain, Sweden, Switzerland, the UK 

and the US. Details of the dataset are available in section 3.1.1.  

 

The arithmetic mean, geometric mean and standard deviation of the annual real 

returns of three asset classes for seventeen countries over 108 years are reported in 

Table 4.1. An arithmetic average is the sum of a series of numbers divided by the 
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count of that series of numbers. Given annual total return over the past T years of

1 2, ,... TR R R , the arithmetic mean return is calculated as:  

 /i

i

A R T   (23) 

and the geometric mean is calculated as: 

 1/[ (1 )] 1
i

T

i

G R     (24) 

Consider your investment returns, for example, you have invested your savings in the 

stock market for five years. If your returns each year were 50%, 10%, 20%, 30% and  

-70%, the simple arithmetic mean would give you an answer of 8%. If you lose 

money one year, you have that much less capital to generate returns during the 

following years, and vice versa. Because of this reality, we need to calculate 

the geometric average of your investment returns in order to get an accurate 

measurement of what your actual average annual return over the five-year period is. 

The geometric mean of our example is calculated as [(1.5 x 1.1 x 1.2 x 1.3 x 0.3) ^ 

1/5] -1= -5%. This is a lot of worse than the 8% arithmetic average we calculated 

earlier. It should be noticed that the geometric mean is always equal or less than the 

arithmetic mean and the difference is bigger when the data input are more volatile and 

have more negative returns.  

 

Stocks show a higher mean return and standard deviation than bonds and bills for all 

seventeen countries. The U.K. equity standard deviation of 19.7 percent ranks fourth 

at the lower end of the risk region after Canada (16.55 percent), Australia (17.44 

percent), and Switzerland (19.51 percent). The most volatile markets during this 

sample period are Germany (32.12 percent), Japan (29.7 percent), and Italy (28.73 

percent), which were most affected by the world wars and inflation. In terms of 

geometric mean, Australia has the highest annualised stock return (7.88 percent) 

followed by Sweden (7.8 percent), whereas Belgium has the lowest stock return of 

2.51 percent followed by Italy (2.52 percent). In addition, Denmark has the highest 

returns for both bonds and bills, while Italy has the lowest bond return of -1.78 



81 
 

percent and bill return of -3.75 percent.
13

   

 

Table 4.2 shows the end wealth of stocks, bonds and bills for the seventeen countries 

that would have been generated from 1900 to 2007 from an initial investment of 1 in 

the local currency for three asset classes at the end of 2007. It assumes that dividends 

and interest were reinvested, and there were no taxes or transaction costs; it is 

continuously compounded returns. Table 4.2 shows that equities perform best in all 

seventeen countries. For example, in the US, an initial investment of $1 in stocks 

grew to $927 by the end of 2007, whereas bonds and bills gave much lower returns of 

$7.83 and $2.83 respectively. Table 4.2 also indicates that the end wealth for the stock 

returns of the seventeen countries is significantly different, since it is much greater for 

some countries than others. This could be due to the influence of a number of 

different factors, such as political turmoil, war, hyperinflation, etc.  

 

The issue addressed by this study is how the holding period of return and investment 

risk changes as the investment horizon increases for the three different asset classes, 

and in order to achieve the objectives of the study, a comparative assessment was 

made of the returns and risks of investments in stocks, long-term government bonds 

and treasury bills for various investment horizons across seventeen countries. To this 

end, a more comprehensive and accurate historical annual real return series was used 

for the three asset classes and the holding period returns were computed for a series of 

investment horizons; then, the standard deviation of returns and the coefficient of 

variation for a series of investment horizons were calculated to obtain the average 

return.  

  

4.3.1 Computation of holding period returns 

 

In this study, the holding periods of returns for three asset classes are computed over a 

                                                             
13

 A more detailed discussion of descriptive statistics is available in section 3.1.2.    



82 
 

period of 1, 5, 10 and 15 years and the holding periods of returns are continuously 

compounded. The n-year holding period return is generated by using the following 

formula: 

 
1

(1 ) 1
n

n i

i

HPR R


     (25) 

where nHPR = n-year holding period return  

                iR = return observations for period I  

                 n = number of years in the holding period  

 

The annualised returns for various holding periods are firstly calculated using the 

geometric mean equation shown above in equation (24) for various holding periods. 

Then, the arithmetic mean and standard deviations of total horizon returns and 

annualised returns for the various holding periods are calculated. 
14

 The arithmetic 

mean of holding period returns provides us the expected return in the future. 

Alternatively we could also take geometric mean of our total horizon returns and 

annualised returns. Since the results obtained by the arithmetic average and geometric 

average lead to the same conclusion of this chapter, we report only the results of the 

former; all of results from using the geometric average of holding periods of returns 

are provided in Appendix 4A.
15

  

 

If the holding periods are computed from the beginning of each data series and 

worked toward the end of the series, the holding periods of returns can be obtained for 

various investment horizons. By using this method, the holding period returns will 

overlap but the calendar order of returns within the holding periods will be 

                                                             
14

 Alles et al (2006) used summed holding period of returns and arithmetic means for annualised 

returns. As we discussed earlier, we believe that continuously compounded holding period returns and 

geometric annulised returns are more appropriate for financial investors especially over longer 

investment horizons.   
15

 Indro and Lee (1997) compare arithmetic and geometric means and find them both wanting, and 

suggest using a weighted average approach.  
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maintained; hence, the autocorrelation structure of the returns will be preserved. 

However, the major drawback of such a method is that there will be fewer holding 

periods of returns as the investment horizon lengthens.
16

 In order to provide a 

sufficient number of non-overlapping holding periods returns (especially with long 

holding periods such as 10 years) and generate a distribution of returns with long 

investment horizons, the dataset can be extended by resampling the available sample 

data using a bootstrap approach.
17

 The bootstrap resampling method used by Butler 

and Domian (1993) and Basu and Drew (2009) assumes that asset class return series 

are independently distributed over time. This destroys any possible serial correlation 

within each asset class. Therefore, it does not capture any positive or negative (mean 

reversion) serial correlation in the asset class returns. 

 

Samuelson (1969, 1994) argues that time diversification is driven by the non-

independence and mean reversion of stock returns. Since a time dependence structure 

may be expected in the asset class returns, an improved bootstrap resampling 

technique with moving blocks introduced by Carlstein (1986) and Künsch (1989) is 

used. The moving block bootstrap is applicable to general dependent time series data. 

In order to make a comparison between using overlapping and non-overlapping 

holding periods returns, we have calculated risk and return behavior using both actual 

overlapping returns and 5000 block bootstrapped returns and results are reported in 

Table 4.4 and 4.5.  

 

For the block bootstrap method,  the sample real return on stocks, bonds and bills, R, 

is grouped into b overlapping blocks with block lengths of k years (with 108 years’ 

sample annual data, block length of 10 years, which produces 99 overlapping blocks). 

The blocks are then resampled with replacement b times until a series *R with the 

same length as R is obtained, which is equivalent to constructing a trajectory for 

stocks, bonds and bills for each drawing. Then, the risk properties are calculated for 
                                                             
16

 The shortcomings of using overlapped holding period of returns are discussed in section 3.2. 
17

 The bootstrap resampling technique is discussed in section 3.3.  
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each resampled *R  for different holding periods, and this process is repeated 5000 

times to obtain a set of bootstrapped observations of returns for different investment 

horizons. In addition, the assets are drawn cross-sectionally, so they belong to the 

same time period in the original data. Thus, a ten-year relationship is constructed 

between stocks, bonds and bills that did exist in the original series.  

 

One major advantage of this method is that serial dependence and cross-sectional 

correlation are preserved within the blocks. The block size is a major issue for this 

method. If the block size is too small, it destroys the time dependency of the data and 

its average accuracy will decline. On the other hand, if the block size becomes too 

large, there are few blocks available for the bootstrap; thus, the average accuracy will 

also decline. A block length of 10 years was chosen for this study because this is 

probably sufficiently long to pick up most forms of possible time dependencies.
18

 

Hansson and Persson (2000) suggest that the optimal block length should be between 

5 and 10 years.  

 

 

4.3.2 Variance ratio test 

 

It is necessary to understand the time series properties of the data in order to 

determine which computational method would be more efficient. To this end, a 

variance ratio test was used to estimate the autocorrelation structure of the return 

series for the three asset classes examined in this study.  

 

The variance ratio test was first introduced by Poterba and Summer (1987) and further 

developed by Lo and MacKinlay (1988).
19

 It compares the average variance of a 

                                                             
18

 The author used block sizes of 5 and 8 years to check the robustness of the results for a block size of 

10 years but found that they did not change the overall picture of the results.  
19

 Strong and Taylor (2001), Alles and Murray (2009) have used the variance ratio test in their papers to 

detect serial correlations of their sample data. We also use this simple test, because it is easy to use and 
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return series over a number of aggregated investment periods, and is used to test the 

null hypothesis that the underlying asset return series is a random walk. It is a widely 

accepted test to detect the autocorrelation left by the model. For example, a time 

series is a random walk if the variance of a 10-year return is 10 times the variance of a 

1-year return. The variance ratio of one indicates that the return series is a random 

walk.  

 

The variance ratio for an n-year return is mathematically defined as follows: 

 
1

var( ) /
( )

var( )

n

t

t

R n
VR n

R
   (26) 

where  
0

n
n

t t i

i

R R 



  denotes the return in year t. The null hypothesis is that ( )VR n  is 

not statistically different from 1. The standard normal test statistic of Lo and 

Mackinlay (1998) used to test the null hypothesis of random walk under the 

assumption of homoscedasticity is ( )Z n , calculated as:  
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and 
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   (28) 

where n is the holding period and nq is the number of observation, for example, it is 

108 in our case.  

 

As variances of asset returns in finance literature are mostly conditional 

heteroscedastic with time. Lo and Mackinlay (1988) derive the heteroscedasticity-

consistent variance estimator    

                                                                                                                                                                               

simple to understand. 
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where  
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The standard normal test statistic under the assumption of heteroscedasticity, ( )Z n , 

is then calculated as:  
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   (32) 

 

If yearly returns are independent, as is true of returns generated by the random walk 

model, then the variance of an n-year return is expected to be n times the one-year 

variance and the variance ratio is expected to be 1.0. If financial markets are mean-

reverting, the returns should show a negative autocorrelation at some lags and the 

volatility of the average returns should decay faster than the square root of the 

investment length; thus, the variance ratio should be less than 1. On the other hand, if 

the asset returns show a positive serial correlation, the volatility also decreases with 

the square root of time, but is slower; thus, the variance ratio should exceed 1. The 

results of the variance ratio tests for the three asset classes over different investment 

horizons are shown in Table 4.3.   

 

4.3.3 Shortfall Risk 
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Olsen and Khaki (1998) argue that investors should not only examine the 

conventional measures of risk, such as the standard deviation of returns, but also view 

risk in terms of loss functions and the possibility of realising returns below target 

levels. This kind of risk is also known as shortfall risk, in which it is probable that the 

return realised will be lower than the target return. Fishburn (1977) suggests that the 

minimal acceptable return or target return can be a ruinous return, zero return, risk 

free return and a generally accepted return. This study uses the real Treasury bill 

return for the corresponding holding period as a target return. For example, the 

shortfall risk for equity in a five-year investment horizon is calculated as the 

probability of five years’ total real equity returns that fall below the real Treasury bill 

returns in the five years of the holding period.  

 

To determine the shortfall risk for each holding period, the 5000 block bootstrapped 

resamples for each holding period are examined to identify the number of returns 

below the target return for each holding period; then, the probability that the real asset 

returns will fall below the threshold return in a specific holding period can be 

calculated. The shortfall risk for real bonds and equity returns over various holding 

periods are shown in Table 4.7. 

 

4.3.4 Measurement of Portfolio Efficiency 

 

The coefficient of the variation is calculated to ascertain the relative measure of 

returns and indicate the efficiency of a risk asset class portfolio. The coefficient of 

variation (CV) is a measure of dispersion of a probability distribution. It is defined as 

being the ratio of the standard deviation to the mean and is a useful statistic for 

comparing the degree of variation from one data series to another, even if the means 

are significantly different. Distributions with CV < 1 are considered to be low-

variance, while those with CV > 1 are considered to be high-variance. In this study, 

the coefficient of the variation measure for each investment horizon was computed as 
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the standard deviation of the 5000 holding period of returns divided by the mean of 

the continuously compounded returns of the 5000 bootstrapped samples for each 

holding period. The mean coefficients of the variation of the three asset classes for 

each holding period are reported in Table 4.8. 

 

Since no utility functions are assumed and there is no specification for investors’ risk 

attitude, both academics and investment practitioners have favoured Sharpe ratio as a 

measure of investment performance.
20

 In this study, the Sharpe ratio is computed as 

an asset’s mean excess continuously compounded returns of 5000 bootstrapped 

samples for each holding period returns over treasury bills divided by the standard 

deviation of 5000 holding period returns. The results of the mean Sharpe ratios of 

stocks and bonds for various holding periods are shown in Table 4.9.  

 

 

4.4 Empirical Results 

 

The variance ratio test results are examined in this section to detect serial dependence 

in the data series, as well as the empirical results of using the moving block bootstrap 

resampling method. Three different risk measurements are used to investigate the 

risk-return tradeoffs over various holding periods. The results of this study rely on the 

bootstrap resampling approach because it generally gives more comparative and 

accurate outcomes.   

 

4.4.1 Variance ratio results 

 

The variance ratio tests of the random walk hypothesis for real Bills, Bonds and 

Stocks returns over various investment horizons for the sample period from 1900 to 

2007 are shown in Table 4.3. Panel A shows the results of variance ratio tests for real 

                                                             
20

 The Sharpe ratio is discussed in section 2.7 
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bills; Panel B shows the results of variance ratio tests for real bonds and Panel C 

shows the results of variance ratio tests for real equities. The variance ratios ( )VR n  

are reported in the main rows. The homoscedasticity test statistic ( )Z n  is given in the 

parenthesis immediately below each of the main row entries, which tests the null 

hypothesis that ( )VR n  equals one and follows a standard normal distribution 

asymptotically. A second statistic in square brackets is robust under 

heteroscedasticity. Test statistics marked with asterisks indicate that the corresponding 

variance ratios are statistically different from 1 at the ten percent level of significance. 

There are three major findings as follows: 

 

1. The variance ratios for real bills are greater than unity for various investment 

horizons and the random walk null hypothesis is rejected at ten percent significant 

level for all seventeen countries. In addition, the variance ratios are greater than 

one and increase with n, which indicate real bill returns are positively auto 

correlated. For example, the variance ratio for Australian bills over 2, 4, 8 and 16-

year holding periods are 1.58, 2.42, 3.65 and 4.49 respectively. 

 

2. The variance ratios for real bond returns are greater than unity and increase as the 

holding period increases for sixteen countries (Switzerland is the only country that 

variance ratios decrease as investment horizon lengthens). Unlike real bills, real 

bond returns are not statistically strong to reject the random walk null hypothesis 

for all holding periods for all countries. Countries like Denmark, Ireland, South 

Africa, UK and US cannot reject null hypothesis with two-year holding period. 

However, as investment horizon lengthens, these countries are all statistically 

significant to reject the random walk hypothesis. Overall, real bond returns are 

positively serial correlated for all countries with 8-year holding period or longer 

(the only exception is Spain).     
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3. The variance ratio test results for the real equity returns for the seventeen counties 

are mixed. Belgium, Canada, France, Spain and Switzerland are statistically 

significant over 2-year horizon to reject the random walk hypothesis and they are 

positively serial correlated since their variance ratios are all greater than unity. 

However, as investment horizon lengthens, these countries are not statistically 

significant to reject the random walk hypothesis. Overall, the random walk null 

hypothesis cannot be rejected for the majority of sample countries and all 

countries follow random walk with 8-year holding period or longer. However, it 

should be noticed that variance ratios for real equities are very close to unity and 

decrease as investment horizon lengthens. These results indicate that there is some 

evidence of time diversification effect in real equity returns. For example, the 

variance ratio of real equity returns for US over 2, 4, 8 and 16-year holding 

periods are 0.99, 0.78, 0.61 and 0.47 respectively. As variance ratios are less than 

one, there must be some kind of negative serial correlation especially for longer 

holding periods. The Z test statistic for 8-year holding period is -1.37, which 

indicate 83 percent probability that US stocks follow a mean reversion process at 

8-year holding period under homoscedasticity.  

 

The variance ratio test results indicate serial dependence in the data series; therefore, a 

blocked bootstrap method is desirable since it maintains the long-run impact of any 

structure within the data series. 

 

4.4.2 Bootstrapped results of risk and return behaviour 

 

In order to find further evidence and more precise results of the time diversification 

effect on asset class returns over seventeen countries, three different risk 

measurements for various investment horizons were examined by looking at the 

bootstrapped distributions. In order to make comparison between using overlapping 

and non-overlapping holding periods returns, we have calculated risk and return 
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behavior using both actual overlapping returns and 5000 block bootstrapped returns 

and results are reported in Table 4.4 and 4.5.  

 

Standard deviation is the most widely-used traditional risk measurement. A greater 

standard deviation indicates greater risk, whereas a smaller standard deviation 

indicates less risk. Table 4.4 shows the mean and standard deviation of returns for 

both total horizon returns and annualised returns for the three asset classes over 

various holding periods by using 5000 bootstrapped resamples. It is evident that both 

total horizon returns and risks increased simultaneously. The average annualised 

returns decreased slightly, whereas the standard deviation of annualised returns 

declined dramatically for stocks. In addition, unlike the results of the variance ratio 

tests, the annualised bond and bill returns also show some benefit of risk reduction by 

having longer holding periods. A further investigation of the risk reduction in bond 

and bill returns should be considered.                                                                                                                                                                                                                                                                                                                                                         

 

The benefits of time diversification are apparent for stocks, as evidenced by the 

reduction of the standard deviation of annualised returns over longer holding periods. 

Moreover, the standard deviation of annualised stock returns is less than that of bonds 

when having a more than 10-year investment horizon for more than half the sampled 

countries, which indicates that stocks are less risky than bonds when having longer 

investment horizons. For example, the standard deviation of the annualised stocks 

returns in Australia for a 10-year holding period is 0.0449, whereas the corresponding 

standard deviation of annualised bonds returns is 0.0613. When comparing the results 

of the variance ratio test using overlapped historical returns, the more appropriate 

block bootstrap methods are in favour of time diversification benefits for stocks. 

Furthermore, the coefficient of the variation and shortfall risk also needs to be 

considered.   

 

Comparing the results in Table 4.4 using 5000 bootstrapped returns and Table 4.5 
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using actual overlapping holding periods of returns, we can see that the results from 

the two tables are very similar. Annualised returns are slightly smaller when using 

actual overlapping holding periods of returns. Reductions in standard deviation for 

stocks as investment horizon lengthens are apparent for both tables. In addition, 

standard deviations in table 4.4 are slightly bigger than table 4.5, because block 

bootstrapped resamples produce a greater number of possible future scenarios than 

overlapping holding period returns.  

 

The reward for equity risk that investors have achieved in the past can be measured by 

comparing the return on equities with the return from risk-free investments, such as 

Treasury bills. The difference between equity and risk-free asset returns is known as 

the “equity risk premium.”
21

 Table 4.6 reports the equity risk premiums in terms of 

both the arithmetic mean and geometric mean over 1, 5, 10 and 15-year holding 

periods in seventeen countries using 5000 block bootstrapped holding period 

returns.
22

 The equity risk premiums relative to bills are reported in Panel A, while 

panel B reports the equity risk premiums relative to bonds. Table 4.6 shows clearly 

that arithmetic averages yield higher risk premiums than geometric averages. If 

annual returns are uncorrelated over time, and our objective was to estimate the risk 

premium for the next year, the arithmetic average is the best and most unbiased 

estimate of the premium. Otherwise, geometric average premiums will be more 

appropriate if equity returns are negatively correlated and the estimation period is 

much longer than a year. In table 4.6, the equity risk premiums relative to bills are 

much higher than the equity risk premiums relative to bonds. Furthermore, equity risk 

premiums increase substantially as investment horizon lengthens, which indicate the 

benefit of holding stocks over longer investment horizons. With 15 years holding 

period, the first ranking geometric equity risk premium relative to bills is about 192 

percent in Australia, followed by Sweden (179 percent) and South Africa (173 

                                                             
21

 We have discussed equity risk premium in great detail in section 2.3. 
22

 For the results of returns and risks of asset classes at various investment horizons using the geometric 

mean, please see Table 4A.1 in Appendix 4A.  
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percent). Relative to long-term government bonds, the story is similar.  

 

Since most long-term investors care more about the downside risk, such as the 

probability of investment returns being less than the target return, the shortfall risk 

over various investment horizons is calculated in this research. Table 4.7 shows the 

mean shortfall risk for real stock returns and real bonds returns over various holding 

periods based on the 5000 bootstrapped resamples of each holding period returns. In 

this study, the target return is the real bill returns. For example, the shortfall risk of 

real equity returns for the 10-year holding period is determined by the probability of 

real equity returns in a 10-year investment horizon that fall below the corresponding 

real Treasury bill returns. The shortfall risk for real bonds against real bills is reported 

in Panel A, while panel B reports the shortfall risk for real stocks against real bills.  

 

Panel A in Table 4.7 indicates that the mean shortfall risk for real stocks against real 

bills decreases as the investment horizon increases for all seventeen countries. One of 

the major differences between each country is that the decrease in shortfall risk is 

more significant for some countries than for others. For example, the mean shortfall 

risk is about 27 percent for one year, 15 percent for five years, about 7 percent for ten 

years and only about 4 percent for fifteen years in Australia. In contrast, the mean 

shortfall risk is 42.85 percent for one year, 42.39 percent for five years, 33.44 percent 

for ten years and about 27 percent for fifteen years in Belgium. Thus, risk reduction in 

terms of shortfall risk in stock returns does vary significantly across countries. 

 

Panel B in Table 4.7 shows that the shortfall risk of real bond returns against real bills 

in Australia, France, Italy, the Netherlands, Spain, Switzerland and the UK decreases 

as the investment horizon lengthens. Thus, real bonds in these countries show the 

benefit of time diversification. The rest of the sampled countries have no clear sign of 

time diversification benefit in real bonds returns. Norway is a special case in which 

the shortfall risk for real bonds increases with the holding periods; therefore, 



94 
 

investment in bonds becomes more risky than investment in bills with longer 

investment horizons.  

 

However, the shortfall risk falls as the investment horizon lengthens, even if returns 

follow a random walk, since Samuelson (1994) and others argue that this has no effect 

on the asset allocation decision of a constant relatively risk-averse investor. Therefore, 

the shortfall risk is probably not the best risk measurement for testing the time 

diversification effect. Nevertheless, it is still evident that the shortfall risk decreases 

dramatically in Australia, Canada, France, South Africa, Sweden, the UK and the US 

as a result of the effect of time diversification. 

 

Table 4.8 shows the mean coefficient of variation for the three asset classes over 

various holding periods for both total horizon returns and annualised returns when 

using 5000 bootstrapped resamples. The coefficient of variation (CV) is a good 

measure of the dispersion of a probability distribution; it is a relative measure of 

returns and indicates the efficiency of a risk asset class portfolio. A lower CV 

indicates lower investment risk. It is evident in Table 4.8 that the CV for real stock 

returns decreases as the investment horizon increases for both total horizon returns 

and annualised returns across all seventeen countries. Moreover, the decreases in CV 

are more dramatic in Australia, Canada, Denmark, South Africa, Sweden, the UK and 

the US; thus, there is strong evidence of time diversification benefit in these countries. 

For example, the CV decreased from 2.37 for one year to 0.86 for a ten-year holding 

period in the US. The CV decreased more slowly for the rest of the sampled countries, 

and the CV for a fifteen-year holding period was greater than for one year, which 

indicates a higher risk than those countries with a CV less than one. For example, the 

CV decreased from 3.83 for one year to 2.13 for a ten-year holding period in 

Germany. Therefore there is some weak evidence of a time diversification benefit in 

these countries. Bond returns also show some risk reduction benefit in terms of the 

coefficient of variation. Counties like Australia, Canada, Denmark, Sweden, 
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Switzerland and the US have lower risk and better risk reduction compared with other 

countries, and this may be due to their better historical bond market performance. 

Investors in Belgium, Germany, Italy and Japan should not consider investing in 

bonds over a longer term, since they all have negative annualised bond returns over 

longer investment horizons. In addition, the risk reduction on bills over longer holding 

periods is relatively small and five of the seventeen countries had a negative ratio due 

to their negative annualised bill returns over longer investment horizons.  

 

Table 4.9 shows the mean Sharpe ratios for both stocks and bonds over various 

investment horizons based on the 5000 bootstrapped series. The mean Sharpe ratio for 

stocks increases as the investment horizon lengthens for both total horizon returns and 

annualised returns. In addition, stocks perform better than bonds in all seventeen 

countries, especially over longer investment horizons. It should be noted that the 

increase in Shape ratios varies significantly, with counties like Australia, Canada, 

France, South Africa, Sweden, the UK and the US having a more significant increase, 

especially in annualised returns, than the rest of the sampled countries. The best stock 

performance measured by Sharpe ratio comes from Australia as 1.8 in annualised 

returns for a 15-year holding period, followed by the US (1.35 in annualised returns), 

whereas the worst stock performance comes from Germany as 0.5 in annualised 

returns for a 15-year holding period, followed by Spain (0.54 in annualised returns). 

On the other hand, the bond market performance only increases slightly over longer 

investment horizons. (Germany is the only country where the Sharpe ratio decreases 

as the investment horizon lengthens in terms of annualised returns). However, 

countries like Australia, Canada, Denmark, Switzerland and the US have a better bond 

market performance than other counties. Overall, the Sharpe ratio results confirm the 

benefit of holding stocks over longer investment horizons and the benefit of time 

diversification is apparent.  
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4.5 Conclusion 

 

The objective of this study was to investigate the relative performance of stocks and 

long-term government bonds and treasury bills over various investment horizons for 

seventeen countries and consider whether or not investment risk decays over time, i.e. 

whether the notion of time diversification is valid across the world.  

 

To this end, more comprehensive and accurate data was used, consisting of annual 

real returns for equities, long-term government bonds and treasury bills from 1900 to 

2007 in seventeen counties. A variance ratio test using historical data was conducted 

to understand the time series properties of the data, and the results indicated that the 

real returns of bills and bonds in most of seventeen countries were not random walk; 

therefore, serial correlation should be considered. There was no evidence of the time 

diversification effect for the real returns of treasury bills and bonds as they are 

positively serial correlated. Real equity returns in most of the seventeen countries 

were random walk; however as investment horizons increases, the probability of 

returns following a mean reversion process was increasing.  

 

Given the shortcomings of using historical data, a moving block bootstrap was used to 

provide a sufficient number of non-overlapping holding period returns in order to 

consider serial dependence and cross-sectional correlation. The risk and return 

properties for three asset classes over seventeen countries were examined based on the 

bootstrap resampling method. It was observed that investment outcomes at short 

horizons were quite different from those at longer horizons and investment outcomes 

were different for different asset classes.  

 

The empirical evidence based on bootstrapped resamples showed that the benefits of 

time diversification were apparent for stocks, as evidenced by the reduction of 

investment risk over longer holding periods. Sharpe ratio as a performance measure 
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also confirmed the results from three risk measurements. One straightforward 

explanation for such risk reduction benefit is that stock returns follow a mean-

reversion process. In addition, the benefits of time diversification in Australia, 

Canada, France, South Africa, Sweden, the UK and the US were more apparent than 

the rest of the sampled countries. The diminishing relative riskiness of stocks over 

bills/bonds with investment horizon implies that equity weights in optimal asset 

allocation should depend on the investment horizon. Thus, stocks are more desirable 

for long-term investors because they show much higher risk-adjusted returns. The 

conventional wisdom of increasing equity exposure with increasing investment 

horizon is strongly supported in these countries.  

 

Since equity seems to dominate both bonds and bills over longer investment horizons, 

the question to ask is should all long-term investors hold 100 percent equity in these 

countries? The answer should simply be no. Firstly, time diversification is no 

substitute for traditional portfolio diversification. Investing in both bonds and stocks 

could further diversify the portfolio risk and deliver higher risk-adjusted returns. The 

question is how much should be invested in stocks, and one possible solution is a so-

called lifecycle investment strategy, which means that investors hold a large portion of 

stocks until a certain period, and then gradually switch stocks into bonds as they 

approach retirement. Secondly, the analysis is based on the investment horizon being 

known and fixed. In practice, it is possible that investors will shorten their holding 

periods for a number of reasons; for example, unexpected liability payment, early 

retirement, or medical issues. Thus, taking income and consumption into account is 

helpful for these issues. 
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Table 4.1 Means and standard deviations of real returns on asset classes, 1900-2007 

Table 4.1 provides the arithmetic mean, geometric mean and standard deviation of the annual real returns in percentages for stocks, bonds and 

bills around the world from 1900 to 2007.  

 

 

  Equities    

 

  Bonds    

 

  Bills    

Country 

Arithmetic     

Mean 

Geometric 

Mean 

Standard 

Deviation   

Arithmetic     

Mean 

Geometric 

Mean 

Standard 

Deviation   

Arithmetic     

Mean 

Geometric 

Mean 

Standard 

Deviation 

Australia 9.37% 7.88% 17.44% 

 

2.17% 1.35% 13.13% 

 

0.79% 0.65% 5.44% 

Belgium 4.67% 2.51% 21.88% 

 

0.53% -0.21% 12.06% 

 

-0.01% -0.35% 8.11% 

Canada 7.63% 6.33% 16.55% 

 

2.53% 2.02% 10.38% 

 

1.76% 1.64% 4.90% 

Denmark 6.95% 5.31% 20.00% 

 

3.60% 2.98% 11.71% 

 

2.47% 2.29% 6.09% 

France 6.16% 3.71% 22.89% 

 

0.60% -0.33% 13.04% 

 

-2.38% -2.91% 9.64% 

Germany 8.42% 3.36% 32.12% 

 

0.60% -1.76% 15.43% 

 

0.27% -0.36% 10.16% 

Ireland 6.86% 4.60% 22.11% 

 

2.03% 1.02% 14.73% 

 

0.85% 0.64% 6.70% 

Italy 6.49% 2.52% 28.73% 

 

-0.46% -1.78% 14.15% 

 

-2.63% -3.75% 11.62% 

Japan 9.01% 4.34% 29.70% 

 

1.50% -1.26% 20.28% 

 

-0.34% -1.99% 14.06% 

Netherlands 7.31% 5.38% 21.03% 

 

1.70% 1.27% 9.42% 

 

0.82% 0.70% 4.99% 

Norway 7.33% 4.55% 26.67% 

 

2.36% 1.62% 12.25% 

 

1.43% 1.17% 7.24% 

South Africa 9.68% 7.49% 22.38% 

 

2.26% 1.72% 10.41% 

 

1.20% 1.00% 6.28% 

Spain 6.17% 4.02% 21.78% 

 

1.98% 1.30% 11.81% 

 

0.51% 0.33% 5.91% 

Sweden 10.05% 7.80% 22.42% 

 

3.09% 2.38% 12.43% 

 

2.15% 1.92% 6.86% 

Switzerland 6.33% 4.55% 19.51% 

 

2.87% 2.59% 7.77% 

 

0.93% 0.81% 5.04% 

UK 7.34% 5.51% 19.70% 

 

2.17% 1.31% 13.73% 

 

1.21% 1.02% 6.34% 

US 8.47% 6.53% 19.92%   2.38% 1.92% 9.77%   1.08% 0.97% 4.68% 
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Table 4.2: Ending wealth on asset classes in real terms over 108 years 

Table 4.2 shows the end wealth of stocks, bonds and bills for the seventeen countries 

that would have been generated from 1900 to 2007 from an initial investment of 1 in 

the local currency. The end wealth is calculated as the end value of an investment of 1 

in each asset class with annual compounding.  

 

Country Asset

Bills Bonds Stocks

Australia 2.00 4.24 3618.65

Belgium 0.68 0.80 14.62

Canada 5.80 8.65 759.42

Denmark 11.54 23.76 267.81

France 0.04 0.70 51.38

Germany 0.68 0.15 35.61

Ireland 1.99 3.00 128.20

Italy 0.02 0.14 14.68

Japan 0.11 0.25 97.86

Netherlands 2.13 3.92 286.02

Norway 3.50 5.66 121.96

South Africa 2.93 6.33 2441.65

Spain 1.42 4.03 70.23

Sweden 7.83 12.64 3320.70

Switzerland 2.38 15.78 121.78

UK 3.00 4.06 327.74

US 2.83 7.83 927.70  
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Table 4.3: Variance ratio tests for the three asset class returns, 1900-2007 

 

Table 4.3 shows the results of the variance ratio tests of the random walk hypothesis 

for real Bills, Bonds and Stocks returns over various investment horizons for the 

sample period from 1900 to 2007. Panel A shows the results of variance ratio tests for 

real bills; Panel B shows the results of variance ratio tests for real bonds and Panel C 

shows the results of variance ratio tests for real equities. The variance ratios ( )VR n  

are reported in the main rows. The homoscedasticity test statistic ( )Z n  is given in the 

parenthesis immediately below each of the main row entries, which tests the null 

hypothesis that ( )VR n  equals one and follows a standard normal distribution 

asymptotically. A second statistic in square brackets is robust under heteroscedasticity. 

Test statistics marked with asterisks indicate that the corresponding variance ratios are 

statistically different from 1 at the ten percent level of significance. 

 

 

               Panel A: Variance ratio tests for real bill returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Australia 1.58  2.42  3.65  4.49  

 
(6.02)* (7.88)* (9.31)* (8.23)* 

 
[4.05]* [6.04]* [8.86]* [10.68]* 

Belgium  1.55  2.32 3.11  3.54  

 
(5.66)* (7.33)* (7.43)* (5.99)* 

 
[3.59]* [4.91]* [5.67]* [6.16]* 

Canada  1.54 2.25  2.97  3.51  

 
(5.56)* (6.96)* (6.93)* (5.93)* 

 
[4.11]* [5.89]* [6.63]* [7.33]* 

Denmark  1.54 2.01  2.56  2.15  

 
(5.60)* (5.61)* (5.48)* (2.70)* 

 
[3.01]* [3.50]* [4.00]* [2.88]* 

France 1.63  2.66  3.98  4.50  

 
(6.60)* (9.24)* (10.46)* (8.27)* 

 
[3.22]* [5.04]* [7.00]* [7.89]* 

Germany 1.57  2.41  3.13  2.73  

 
(5.89)* (7.81)* (7.50)* (4.09)* 

 
[2.28]* [3.39]* [3.82]* [3.08]* 

Ireland 1.41  2.05  2.64  2.53  

 
(4.30)* (5.83)* (5.76)* (3.63)* 

  [2.56]* [4.12]* [4.84]* [4.20]* 
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Table 4.3 (cont’d) 

                Panel A: Variance ratio tests for real bill returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Italy 1.67  2.62  3.59  3.27  

 
(6.98)* (8.98)* (9.08)* (5.37)* 

 
[2.37]* [3.66]* [4.92]* [4.68]* 

Japan 1.77  2.64  3.34  3.58  

 
(7.96)* (9.11)* (8.23)* (6.09)* 

 
[2.37]* [3.21]* [4.01]* [4.78]* 

Netherlands 1.61  2.44  3.50  4.40  

 
(6.37)* (8.03)* (8.79)* (8.02)* 

 
[3.90]* [5.78]* [7.48]* [8.95]* 

Norway 1.51  2.13  2.77  2.69  

 
(5.35)* (6.26)* (6.22)* (3.99)* 

 
[2.98]* [3.96]* [4.39]* [3.89]* 

South Africa 1.37  1.77  2.14  2.23  

 
(3.84)* (4.26)* (4.00)* (2.91)* 

 
[1.76]* [2.34]* [3.03]* [3.54]* 

Spain 1.61  2.35  3.14  3.44  

 
(6.30)* (7.49)* (7.53)* (5.77)* 

 
[5.16]* [7.13]* [8.22]* [7.75]* 

Sweden 1.51  2.00  1.95  1.85  

 
(5.33)* (5.55)* (3.34)* (2.00)* 

 
[2.50]* [3.07]* [2.17]* [2.04]* 

Switzerland 1.67  2.27  2.24  1.92  

 
(7.98)* (7.04)* (4.35)* (2.18)* 

 
[3.26]* [4.03] [3.06]* [2.33]* 

UK 1.37  1.95  2.38  2.22  

 
(3.91)* (5.26)* (4.85)* (2.87)* 

 
[2.16]* [3.48]* [3.86]* [3.23]* 

US 1.60  2.18  2.62  2.53  

 
(6.25)* (6.54)* (5.70)* (3.62)* 

  [4.02]* [4.75]* [4.86]* [4.34]* 
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Table 4.3 (cont’d) 

                 Panel B: Variance ratio tests for real bond returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Australia 1.32   1.46 1.81  2.16  

 
(3.29)* (2.55)* (2.84)* (2.74)* 

 
[2.31]* [2.23]* [3.24]* [4.3]* 

Belgium 1.26  1.57  2.24  2.51  

 
(2.70)* (3.18)* (4.36)* (3.58)* 

 
[2.59]* [3.18]* [4.75]* [5.06] 

Canada  1.18 1.55  1.92   2.29 

 
(1.91)* (3.06)* (3.24)* (3.06)* 

 
[1.71]* [2.91]* [3.56]* [4.41]* 

Denmark  1.07 1.23  1.66  1.94  

 
(0.79) (1.27) (2.33)* (2.23)* 

 
[0.80] [1.20] [2.37]* [3.13]* 

France 1.47  2.22  3.24  3.71  

 
(4.83)* (6.80)* (7.87)* (6.39)* 

 
[2.92]* [4.53]* [6.37]* [7.22]* 

Germany 1.17  1.63  2.23  2.50  

 
(1.73)* (3.49)* (4.31)* (3.55)* 

 
[1.43] [3.20]* [4.81]* [5.61]* 

Ireland 1.10  1.26  1.50  1.73  

 
(1.00) (1.43) (1.74)* (1.71)* 

 
[0.96] [1.52] [2.22]* [2.91]* 

Italy 1.56  2.38  3.25  3.10  

 
(5.81)* (7.65)* (7.89)* (4.95)* 

 
[2.63]* [3.97]* [5.33]* [5.19]* 

Japan 1.23  1.65  2.15  2.25  

 
(2.35)* (3.58)* (4.04)* (2.96)* 

 
[1.19] [2.10]* [3.02]* [3.11]* 

Netherlands 1.18  1.50  1.93  2.45  

 
(1.86)* (2.78)* (3.25)* (3.43)* 

 
[1.83]* [2.88]* [3.85]* [5.14]* 

Norway 1.26  1.44  1.80  1.87  

 
(2.67)* (2.42)* (2.82)* (2.05)* 

 
[1.61] [1.67]* [2.18]* [2.36]* 

South Africa 1.08  1.25  1.67  1.80  

 
(0.90) (1.42) (2.44)* (1.89)* 

 
[0.72] [1.29] [2.66]* [3.07]* 

Spain 1.06  1.20  1.23  1.32  

 
(0.65) (1.12) (0.84) (0.76) 

  [0.68] [1.23] [1.29] [1.78]* 
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Table 4.3 (cont’d) 

                   Panel B: Variance ratio tests for real bond returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Sweden 1.16  1.44  1.63  1.92  

 
(1.65)* (2.44)* (2.2)* (2.17)* 

 
[1.00] [1.79]* [2.03]* [2.88]* 

Switzerland 1.42  1.59  1.40  1.10  

 
(4.33)* (3.27)* (1.40) (0.24) 

 
[2.51]* [2.39]* [1.45] [0.89] 

UK 1.14  1.30  1.52  1.64  

 
(1.50) (1.77)* (1.82)* (1.52) 

 
[1.30] [1.70]* [2.28]* [2.68]* 

US 1.10  1.30  1.59  1.85  

 
(1.04) (1.65)* (2.09)* (2.02)* 

  [1.13] [1.80]* [2.49]* [3.19]* 
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Table 4.3 (cont’d) 

                  Panel C: Variance ratio tests for real equity returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Australia  0.99 0.85   0.61 0.44  

 
(-0.15) (-0.84) (-1.36) (-1.32) 

 
[0.035] [-0.48] [-0.92] [0.84] 

Belgium 1.23  1.18   1.02 0.85  

 
(2.34)* (0.98) (0.08) (-0.36) 

 
[2.01]* [1.15] [0.54] [0.32] 

Canada  1.16 1.03   0.67 0.49  

 
(1.69)* (0.19) (-1.17) (-1.21) 

 
[1.87]* [0.49] [-0.76] [-0.75] 

Denmark 0.88  0.79  0.57  0.53  

 
(-1.27) (-1.15) (-1.52) (-1.12) 

 
[-0.96] [-0.72] [-1.01] [-0.57] 

France 1.19  1.30  1.15  0.76  

 
(1.98)* (1.66)* (0.53) (-0.56) 

 
[2.10]* [1.94]* [1.03] [0.06] 

Germany 0.88  0.98  0.96  1.00  

 
(-1.20) (-0.10) (-0.15) (0.01) 

 
[-0.64] [0.15] [0.24] [0.68] 

Ireland 0.94  0.92  0.86  0.95  

 
(-0.64) (-0.45) (-0.50) (-0.12) 

 
[-0.36] [-0.11] [-0.05] [0.53] 

Italy 1.03  0.87  0.74  0.57  

 
(0.29) (-0.75) (-0.91) (-1.01) 

 
[0.30] [-0.32] [-0.42] [-0.49] 

Japan 1.19  1.20  1.09  0.67  

 
(1.93)* (1.13) (0.31) (-0.77) 

 
[1.62] [1.24] [0.76] [-0.19] 

Netherlands 1.09  1.11  1.06  0.88  

 
(0.93) (0.62) (0.22) (-0.29) 

 
[0.94] [0.87] [0.70] [0.42] 

Norway 0.96  0.70  0.61  0.64  

 
(-0.44) (-1.65)* (-1.38) (-0.86) 

 
[-0.22] [-1.22] [-0.83] [-0.25] 

South Africa 1.06  0.92  0.69  0.56  

 
(-0.63) (-0.47) (-1.08) (-1.03) 

 
[0.84] [-0.17] [-0.75] [-0.59] 

Spain 1.31  1.55  1.34  0.92  

 
(3.22)* (3.09)* (1.22) (-0.18) 

  [3.26]* [3.41]* [1.84]* [0.56] 
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Table 4.3 (cont’d) 

               Panel C: Variance ratio tests for real equity returns 

  Number of years aggregated to form variance ratio 

Country 2 4 8 16 

Sweden 1.11  1.05  0.95  0.67  

 
(1.15) (0.28) (-0.18) (-0.78) 

 
[1.64] [0.69] [0.31] [-0.23] 

Switzerland 1.18  1.13  0.87  0.76  

 
(1.86) (0.71) (-0.49) (-0.58) 

 
[1.94]* [1.01] [-0.05] [0.05] 

UK 0.94  0.78  0.63  0.59  

 
(-0.62) (-1.20) (-1.28) (-0.97) 

 
[-0.24] [-0.58] [-0.70] [0.39] 

US 0.99  0.78  0.61  0.47  

 
(-0.10) (-1.25) (-1.37) (-1.25) 

  [0.09] [-0.94] [-1.00] [-0.82] 
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Table 4.4 Returns and risks of asset classes at various investment horizons                     

(Based on 5000 block bootstrapped samples) 

Table 4.4 reports the mean and standard deviation of returns for both total horizon 

returns and annualised returns for the three asset classes over 1, 5, 10 and 15-year 

holding periods in the seventeen countries using 5000 block bootstrapped resamples. 

 

 

Panel A - Australia 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0906 0.5237 1.2451 2.4239 

 

Std. dev.  0.1780 0.4856 0.8398 1.6894 

Bonds Mean  0.0261 0.1675 0.4258 0.6644 

 

Std. dev.  0.1338 0.4369 0.8501 1.1377 

Bills Mean  0.0070 0.0505 0.1261 0.1842 

 

Std. dev.  0.0541 0.2129 0.3928 0.4707 

Annualized returns 

 

   

Stocks Mean  0.0906 0.0779 0.0761 0.0759 

 

Std. dev.  0.1780 0.0752 0.0449 0.0390 

Bonds Mean  0.0261 0.0202 0.0192 0.0185 

 

Std. dev.  0.1338 0.0744 0.0613 0.0466 

Bills Mean  0.0070 0.0064 0.0062 0.0059 

  Std. dev.  0.0541 0.0414 0.0358 0.0271 

Panel B - Belgium 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0476 0.2753 0.5762 1.0105 

 

Std. dev.  0.2204 0.5996 0.9470 1.5272 

Bonds Mean  0.0062 0.0611 0.1731 0.2405 

 

Std. dev.  0.1248 0.3619 0.6192 0.7720 

Bills Mean  -0.0015 0.0200 0.0668 0.0879 

 

Std. dev.  0.0809 0.2628 0.4304 0.5225 

Annualized returns 

    Stocks Mean  0.0476 0.0306 0.0278 0.0270 

 

Std. dev.  0.2204 0.1007 0.0664 0.0550 

Bonds Mean  0.0062 0.0011 0.0002 -0.0008 

 

Std. dev.  0.1248 0.0740 0.0619 0.0473 

Bills Mean  -0.0015 -0.0031 -0.0038 -0.0043 

  Std. dev.  0.0809 0.0605 0.0502 0.0386 
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Table 4.4 (cont’d)  

Panel C - Canada 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0768 0.4425 0.9809 1.8565 

 

Std. dev.  0.1701 0.5079 0.7477 1.4404 

Bonds Mean  0.0289 0.1766 0.4172 0.6629 

 

Std. dev.  0.1083 0.3605 0.6865 0.9305 

Bills Mean  0.0179 0.1028 0.2276 0.3544 

 

Std. dev.  0.0498 0.1870 0.3363 0.4261 

Annualized returns 

    Stocks Mean  0.0768 0.0656 0.0638 0.0637 

 

Std. dev.  0.1701 0.0740 0.0393 0.0353 

Bonds Mean  0.0289 0.0252 0.0244 0.0238 

 

Std. dev.  0.1083 0.0623 0.0493 0.0380 

Bills Mean  0.0179 0.0173 0.0170 0.0169 

  Std. dev.  0.0498 0.0352 0.0286 0.0218 

Panel D - Denmark 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0673 0.3481 0.7552 1.3647 

 

Std. dev.  0.2025 0.4568 0.6772 1.1828 

Bonds Mean  0.0369 0.2115 0.5071 0.8267 

 

Std. dev.  0.1211 0.3510 0.7280 1.0046 

Bills Mean  0.0246 0.1422 0.3167 0.5058 

 

Std. dev.  0.0617 0.2240 0.4228 0.5529 

Annualized returns 

    Stocks Mean  0.0673 0.0524 0.0510 0.0508 

 

Std. dev.  0.2025 0.0682 0.0387 0.0337 

Bonds Mean  0.0369 0.0319 0.0312 0.0307 

 

Std. dev.  0.1211 0.0601 0.0481 0.0370 

Bills Mean  0.0246 0.0235 0.0232 0.0231 

  Std. dev.  0.0617 0.0412 0.0318 0.0247 

Panel E - France 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0621 0.3869 0.8131 1.5170 

 

Std. dev.  0.2349 0.7592 1.2053 2.1341 

Bonds Mean  0.0057 0.0893 0.2668 0.3749 

 

Std. dev.  0.1346 0.4033 0.7426 0.9626 

Bills Mean  -0.0278 -0.0888 -0.1329 -0.2109 

 

Std. dev.  0.0961 0.2839 0.4135 0.4519 

Annualized returns 

    Stocks Mean  0.0621 0.0427 0.0389 0.0381 

 

Std. dev.  0.2349 0.1143 0.0724 0.0607 

Bonds Mean  0.0057 0.0007 -0.0008 -0.0025 

 

Std. dev.  0.1346 0.0948 0.0820 0.0634 

Bills Mean  -0.0278 -0.0298 -0.0308 -0.0319 

  Std. dev.  0.0961 0.0764 0.0655 0.0507 
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Table 4.4 (cont’d)  

Panel F - Germany 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0850 0.4880 1.2917 2.4005 

 

Std. dev.  0.3261 1.0766 2.7559 4.3433 

Bonds Mean  0.0095 0.0831 0.2196 0.3164 

 

Std. dev.  0.1679 0.4185 0.6988 0.9407 

Bills Mean  0.0015 0.0483 0.1266 0.1809 

 

Std. dev.  0.0992 0.2845 0.4812 0.5999 

Annualized returns 

    Stocks Mean  0.0850 0.0423 0.0364 0.0350 

 

Std. dev.  0.3261 0.1429 0.0941 0.0773 

Bonds Mean  0.0095 -0.0078 -0.0117 -0.0139 

 

Std. dev.  0.1679 0.1197 0.0973 0.0784 

Bills Mean  0.0015 -0.0014 -0.0028 -0.0037 

  Std. dev.  0.0850 0.4880 1.2917 2.4005 

Panel G - Ireland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0730 0.4084 0.9456 1.7374 

 

Std. dev.  0.2229 0.6562 1.1281 1.9846 

Bonds Mean  0.0248 0.1469 0.3568 0.5530 

 

Std. dev.  0.1532 0.4226 0.7769 1.0342 

Bills Mean  0.0089 0.0608 0.1408 0.2099 

 

Std. dev.  0.0675 0.2341 0.4132 0.4994 

Annualized returns 

    Stocks Mean  0.0730 0.0539 0.0517 0.0510 

 

Std. dev.  0.2229 0.0931 0.0632 0.0509 

Bonds Mean  0.0248 0.0166 0.0155 0.0147 

 

Std. dev.  0.1532 0.0744 0.0584 0.0451 

Bills Mean  0.0089 0.0077 0.0073 0.0070 

  Std. dev.  0.0675 0.0454 0.0357 0.0275 

Panel H - Italy 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0659 0.3350 0.7255 1.3103 

 

Std. dev.  0.2958 0.7157 1.3029 2.1370 

Bonds Mean  -0.0077 0.0344 0.1335 0.1689 

 

Std. dev.  0.1499 0.4139 0.7034 0.8757 

Bills Mean  -0.0307 -0.0879 -0.1346 -0.2106 

 

Std. dev.  0.1135 0.2970 0.4207 0.4714 

Annualized returns 

    Stocks Mean  0.0659 0.0314 0.0269 0.0260 

 

Std. dev.  0.2958 0.1249 0.0830 0.0687 

Bonds Mean  -0.0077 -0.0147 -0.0177 -0.0198 

 

Std. dev.  0.1499 0.1109 0.0929 0.0738 

Bills Mean  -0.0307 -0.0354 -0.0380 -0.0396 

  Std. dev.  0.1135 0.0984 0.0829 0.0667 
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Table 4.4 (cont’d)  

Panel I - Japan 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0884 0.5931 1.4119 2.8506 

 

Std. dev.  0.3014 1.0179 2.1604 4.0849 

Bonds Mean  0.0139 0.1409 0.3634 0.5494 

 

Std. dev.  0.2058 0.4762 0.8061 1.1366 

Bills Mean  -0.0057 0.0511 0.1590 0.2161 

 

Std. dev.  0.1367 0.3728 0.6467 0.8052 

Annualized returns 

    Stocks Mean  0.0884 0.0551 0.0466 0.0448 

 

Std. dev.  0.3014 0.1598 0.1114 0.0944 

Bonds Mean  0.0139 -0.0019 -0.0067 -0.0102 

 

Std. dev.  0.2058 0.1335 0.1140 0.0930 

Bills Mean  -0.0057 -0.0123 -0.0163 -0.0188 

  Std. dev.  0.1367 0.1159 0.0990 0.0806 

Panel J - Netherlands 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0755 0.4590 1.0593 2.0007 

 

Std. dev.  0.2146 0.7020 1.2579 2.2626 

Bonds Mean  0.0178 0.1090 0.2536 0.3875 

 

Std. dev.  0.0983 0.3067 0.5480 0.7022 

Bills Mean  0.0080 0.0533 0.1256 0.1858 

 

Std. dev.  0.0506 0.1968 0.3527 0.4222 

Annualized returns 

    Stocks Mean  0.0755 0.0597 0.0571 0.0567 

 

Std. dev.  0.2146 0.0988 0.0636 0.0522 

Bonds Mean  0.0178 0.0146 0.0140 0.0135 

 

Std. dev.  0.0983 0.0556 0.0440 0.0338 

Bills Mean  0.0080 0.0075 0.0072 0.0071 

  Std. dev.  0.0506 0.0380 0.0319 0.0241 

Panel K - Norway 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0666 0.3172 0.6649 1.1903 

 

Std. dev.  0.2651 0.5281 0.7832 1.3449 

Bonds Mean  0.0221 0.1422 0.3480 0.5353 

 

Std. dev.  0.1267 0.3825 0.7820 0.9993 

Bills Mean  0.0122 0.0819 0.1947 0.2941 

 

Std. dev.  0.0728 0.2633 0.5021 0.6121 

Annualized returns 

    Stocks Mean  0.0666 0.0421 0.0397 0.0392 

 

Std. dev.  0.2651 0.0875 0.0552 0.0467 

Bonds Mean  0.0221 0.0165 0.0152 0.0144 

 

Std. dev.  0.1267 0.0728 0.0568 0.0443 

Bills Mean  0.0122 0.0107 0.0102 0.0099 

  Std. dev.  0.0728 0.0502 0.0402 0.0310 
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Table 4.4 (cont’d)  

Panel L - South Africa 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0932 0.5395 1.2409 2.4504 

 

Std. dev.  0.2271 0.7286 1.1192 2.2906 

Bonds Mean  0.0222 0.1282 0.2992 0.4605 

 

Std. dev.  0.1117 0.3370 0.5992 0.7736 

Bills Mean  0.0096 0.0580 0.1319 0.1974 

 

Std. dev.  0.0613 0.2011 0.3472 0.4209 

Annualized returns 

    Stocks Mean  0.0932 0.0742 0.0720 0.0716 

 

Std. dev.  0.2271 0.0880 0.0522 0.0444 

Bonds Mean  0.0222 0.0175 0.0169 0.0163 

 

Std. dev.  0.1117 0.0569 0.0454 0.0346 

Bills Mean  0.0096 0.0084 0.0081 0.0079 

  Std. dev.  0.0613 0.0376 0.0305 0.0233 

Panel M - Spain 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0566 0.3960 0.7663 1.4555 

 

Std. dev.  0.2199 0.8328 1.0827 2.0537 

Bonds Mean  0.0171 0.0982 0.2157 0.3336 

 

Std. dev.  0.1221 0.3240 0.5343 0.6921 

Bills Mean  0.0042 0.0361 0.0913 0.1319 

 

Std. dev.  0.0602 0.2192 0.3841 0.4567 

Annualized returns 

    Stocks Mean  0.0566 0.0414 0.0371 0.0362 

 

Std. dev.  0.2199 0.1197 0.0733 0.0622 

Bonds Mean  0.0171 0.0116 0.0108 0.0104 

 

Std. dev.  0.1221 0.0606 0.0444 0.0349 

Bills Mean  0.0042 0.0032 0.0029 0.0027 

  Std. dev.  0.0602 0.0442 0.0362 0.0276 

Panel N - Sweden 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0978 0.6002 1.4708 2.9624 

 

Std. dev.  0.2208 0.7598 1.5443 2.9994 

Bonds Mean  0.0317 0.1923 0.4381 0.7139 

 

Std. dev.  0.1277 0.4066 0.7496 1.0408 

Bills Mean  0.0206 0.1212 0.2567 0.4110 

 

Std. dev.  0.0680 0.2424 0.3979 0.5291 

Annualized returns 

    Stocks Mean  0.0978 0.0801 0.0774 0.0771 

 

Std. dev.  0.2208 0.0989 0.0608 0.0510 

Bonds Mean  0.0317 0.0263 0.0251 0.0246 

 

Std. dev.  0.1277 0.0687 0.0501 0.0397 

Bills Mean  0.0206 0.0192 0.0186 0.0185 

  Std. dev.  0.0680 0.0436 0.0305 0.0246 
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Table 4.4 (cont’d)  

Panel O - Switzerland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0634 0.3719 0.7970 1.4693 

 

Std. dev.  0.1986 0.5876 0.9302 1.6393 

Bonds Mean  0.0279 0.1619 0.3265 0.5372 

 

Std. dev.  0.0847 0.2785 0.3893 0.5676 

Bills Mean  0.0084 0.0520 0.1073 0.1664 

 

Std. dev.  0.0503 0.1783 0.2802 0.3471 

Annualized returns 

    Stocks Mean  0.0634 0.0492 0.0465 0.0462 

 

Std. dev.  0.1986 0.0928 0.0567 0.0483 

Bonds Mean  0.0279 0.0255 0.0247 0.0245 

 

Std. dev.  0.0847 0.0484 0.0287 0.0247 

Bills Mean  0.0084 0.0077 0.0074 0.0074 

  Std. dev.  0.0503 0.0345 0.0242 0.0195 

Panel P - UK 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0772 0.4213 0.9770 1.8026 

 

Std. dev.  0.2012 0.5023 0.9412 1.6411 

Bonds Mean  0.0269 0.1584 0.3712 0.5822 

 

Std. dev.  0.1437 0.3974 0.7119 0.9646 

Bills Mean  0.0114 0.0711 0.1569 0.2387 

 

Std. dev.  0.0634 0.2158 0.3736 0.4620 

Annualized returns 

    Stocks Mean  0.0772 0.0610 0.0591 0.0586 

 

Std. dev.  0.2012 0.0810 0.0517 0.0429 

Bonds Mean  0.0269 0.0198 0.0187 0.0180 

 

Std. dev.  0.1437 0.0710 0.0549 0.0424 

Bills Mean  0.0114 0.0103 0.0099 0.0097 

  Std. dev.  0.0634 0.0418 0.0320 0.0250 

Panel Q - US 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0853 0.4779 1.1030 2.1067 

 

Std. dev.  0.2023 0.5560 0.9464 1.7906 

Bonds Mean  0.0251 0.1450 0.3294 0.5189 

 

Std. dev.  0.1039 0.3100 0.5626 0.7397 

Bills Mean  0.0098 0.0583 0.1257 0.1922 

 

Std. dev.  0.0471 0.1661 0.2715 0.3378 

Annualized returns 

    Stocks Mean  0.0853 0.0686 0.0666 0.0663 

 

Std. dev.  0.2023 0.0827 0.0502 0.0425 

Bonds Mean  0.0251 0.0214 0.0208 0.0204 

 

Std. dev.  0.1039 0.0542 0.0417 0.0323 

Bills Mean  0.0098 0.0092 0.0090 0.0089 

  Std. dev.  0.0471 0.0325 0.0252 0.0196 
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Table 4.5 Returns and risks of asset classes at various investment horizons                     

(Based on overlapping holding periods of returns) 

Table 4.5 reports the mean and standard deviation of returns for both total horizon 

returns and annualised returns for the three asset classes over 1, 5, 10 and 15-year 

holding periods in the seventeen countries using overlapping holding periods of 

returns. 

 

Panel A - Australia 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0937 0.5355 1.2474 2.3044 

 

Std. dev.  0.1744 0.4826 0.8621 1.6459 

Bonds Mean  0.0217 0.1472 0.3688 0.6422 

 

Std. dev.  0.1313 0.4264 0.8152 1.2980 

Bills Mean  0.0079 0.0536 0.1295 0.2115 

 

Std. dev.  0.0544 0.2134 0.4007 0.5661 

Annualized returns 

    Stocks Mean  0.0937 0.0798 0.0761 0.0744 

 

Std. dev.  0.1744 0.0751 0.0463 0.0373 

Bonds Mean  0.0217 0.0174 0.0159 0.0147 

 

Std. dev.  0.1313 0.0728 0.0604 0.0521 

Bills Mean  0.0079 0.0071 0.0064 0.0059 

  Std. dev.  0.0544 0.0415 0.0364 0.0321 

Panel B - Belgium 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0467 0.2792 0.5778 0.9464 

 

Std. dev.  0.2188 0.5991 0.9667 1.6652 

Bonds Mean  0.0053 0.0597 0.1599 0.2542 

 

Std. dev.  0.1206 0.3598 0.6370 0.9174 

Bills Mean  -0.0001 0.0257 0.0671 0.1078 

 

Std. dev.  0.0811 0.2636 0.4368 0.6099 

Annualized returns 

    Stocks Mean  0.0467 0.0317 0.0279 0.0255 

 

Std. dev.  0.2188 0.1001 0.0675 0.0537 

Bonds Mean  0.0053 0.0012 -0.0016 -0.0038 

 

Std. dev.  0.1206 0.0746 0.0644 0.0554 

Bills Mean  -0.0001 -0.0017 -0.0038 -0.0055 

  Std. dev.  0.0811 0.0610 0.0513 0.0449 
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Table 4.5 (cont’d)  

Panel C - Canada 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0763 0.4388 0.9872 1.7529 

 

Std. dev.  0.1655 0.5078 0.7914 1.2800 

Bonds Mean  0.0253 0.1535 0.3627 0.6329 

 

Std. dev.  0.1038 0.3370 0.6560 1.1101 

Bills Mean  0.0176 0.1010 0.2253 0.3611 

 

Std. dev.  0.0490 0.1862 0.3423 0.5013 

Annualized returns 

    Stocks Mean  0.0763 0.0654 0.0641 0.0632 

 

Std. dev.  0.1655 0.0732 0.0404 0.0315 

Bonds Mean  0.0253 0.0219 0.0208 0.0198 

 

Std. dev.  0.1038 0.0608 0.0493 0.0435 

Bills Mean  0.0176 0.0170 0.0168 0.0164 

  Std. dev.  0.0490 0.0351 0.0292 0.0255 

Panel D - Denmark 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0695 0.3560 0.7562 1.2716 

 

Std. dev.  0.2000 0.4676 0.7155 1.0738 

Bonds Mean  0.0360 0.2088 0.5047 0.8749 

 

Std. dev.  0.1171 0.3460 0.7513 1.2734 

Bills Mean  0.0247 0.1419 0.3175 0.4996 

 

Std. dev.  0.0609 0.2241 0.4387 0.5979 

Annualized returns 

    Stocks Mean  0.0695 0.0537 0.0510 0.0496 

 

Std. dev.  0.2000 0.0685 0.0396 0.0311 

Bonds Mean  0.0360 0.0320 0.0309 0.0298 

 

Std. dev.  0.1171 0.0587 0.0492 0.0427 

Bills Mean  0.0247 0.0236 0.0232 0.0228 

  Std. dev.  0.0609 0.0412 0.0325 0.0253 

Panel E - France 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0616 0.3792 0.8128 1.2185 

 

Std. dev.  0.2289 0.7573 1.2462 1.8554 

Bonds Mean  0.0060 0.0895 0.2564 0.4454 

 

Std. dev.  0.1304 0.4037 0.7572 1.2040 

Bills Mean  -0.0238 -0.0790 -0.1318 -0.2043 

 

Std. dev.  0.0964 0.2877 0.4216 0.5132 

Annualized returns 

    Stocks Mean  0.0616 0.0425 0.0389 0.0351 

 

Std. dev.  0.2289 0.1132 0.0739 0.0529 

Bonds Mean  0.0060 0.0014 -0.0020 -0.0054 

 

Std. dev.  0.1304 0.0963 0.0847 0.0742 

Bills Mean  -0.0238 -0.0273 -0.0307 -0.0342 

  Std. dev.  0.0964 0.0787 0.0689 0.0600 
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Table 4.5 (cont’d)  

Panel F - Germany 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0842 0.4810 1.3032 1.8364 

 

Std. dev.  0.3212 1.1450 3.7537 5.0056 

Bonds Mean  0.0060 0.0742 0.2081 0.3373 

 

Std. dev.  0.1543 0.4216 0.7217 1.0107 

Bills Mean  0.0027 0.0497 0.1257 0.1653 

 

Std. dev.  0.1016 0.2916 0.5024 0.6358 

Annualized returns 

    Stocks Mean  0.0842 0.0420 0.0364 0.0330 

 

Std. dev.  0.3212 0.1448 0.0993 0.0720 

Bonds Mean  0.0060 -0.0089 -0.0138 -0.0173 

 

Std. dev.  0.1543 0.1226 0.1020 0.0864 

Bills Mean  0.0027 -0.0006 -0.0028 -0.0050 

  Std. dev.  0.1016 0.0800 0.0672 0.0552 

Panel G - Ireland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0686 0.3921 0.9379 1.7336 

 

Std. dev.  0.2211 0.6506 1.1517 2.3594 

Bonds Mean  0.0203 0.1306 0.3268 0.5959 

 

Std. dev.  0.1473 0.4236 0.8027 1.3729 

Bills Mean  0.0085 0.0588 0.1383 0.2075 

 

Std. dev.  0.0670 0.2342 0.4271 0.5740 

Annualized returns 

    Stocks Mean  0.0686 0.0520 0.0513 0.0500 

 

Std. dev.  0.2211 0.0919 0.0642 0.0527 

Bonds Mean  0.0203 0.0139 0.0126 0.0115 

 

Std. dev.  0.1473 0.0748 0.0602 0.0527 

Bills Mean  0.0085 0.0075 0.0070 0.0063 

  Std. dev.  0.0670 0.0453 0.0366 0.0298 

Panel H - Italy 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0649 0.3309 0.7207 0.9577 

 

Std. dev.  0.2873 0.7059 1.3790 1.8001 

Bonds Mean  -0.0046 0.0416 0.1355 0.1701 

 

Std. dev.  0.1415 0.4094 0.7192 1.0113 

Bills Mean  -0.0263 -0.0795 -0.1328 -0.2333 

 

Std. dev.  0.1162 0.3008 0.4313 0.4641 

Annualized returns 

    Stocks Mean  0.0649 0.0318 0.0264 0.0221 

 

Std. dev.  0.2873 0.1233 0.0844 0.0598 

Bonds Mean  -0.0046 -0.0121 -0.0176 -0.0231 

 

Std. dev.  0.1415 0.1127 0.0969 0.0808 

Bills Mean  -0.0263 -0.0329 -0.0378 -0.0423 

  Std. dev.  0.1162 0.1033 0.0889 0.0741 
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Table 4.5 (cont’d)  

Panel I - Japan 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0901 0.6038 1.4204 2.3608 

 

Std. dev.  0.2970 1.0519 2.4809 3.9986 

Bonds Mean  0.0150 0.1387 0.3645 0.5703 

 

Std. dev.  0.2028 0.4684 0.8234 1.1165 

Bills Mean  -0.0034 0.0532 0.1560 0.2182 

 

Std. dev.  0.1406 0.3779 0.6827 0.8474 

Annualized returns 

    Stocks Mean  0.0901 0.0574 0.0464 0.0430 

 

Std. dev.  0.2970 0.1632 0.1171 0.0900 

Bonds Mean  0.0150 -0.0007 -0.0069 -0.0123 

 

Std. dev.  0.2028 0.1388 0.1239 0.1109 

Bills Mean  -0.0034 -0.0111 -0.0168 -0.0213 

  Std. dev.  0.1406 0.1238 0.1088 0.0955 

Panel J - Netherlands 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0731 0.4432 1.0567 1.9057 

 

Std. dev.  0.2103 0.7015 1.2893 2.4036 

Bonds Mean  0.0170 0.1068 0.2518 0.4328 

 

Std. dev.  0.0942 0.3002 0.5597 0.8924 

Bills Mean  0.0082 0.0536 0.1265 0.2043 

 

Std. dev.  0.0499 0.1964 0.3598 0.5138 

Annualized returns 

    Stocks Mean  0.0731 0.0576 0.0570 0.0554 

 

Std. dev.  0.2103 0.0985 0.0644 0.0516 

Bonds Mean  0.0170 0.0148 0.0138 0.0130 

 

Std. dev.  0.0942 0.0539 0.0446 0.0400 

Bills Mean  0.0082 0.0077 0.0073 0.0068 

  Std. dev.  0.0499 0.0378 0.0325 0.0288 

Panel K - Norway 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0733 0.3451 0.6685 1.1708 

 

Std. dev.  0.2667 0.5835 0.7988 1.6518 

Bonds Mean  0.0236 0.1461 0.3542 0.5710 

 

Std. dev.  0.1225 0.3732 0.8083 1.2008 

Bills Mean  0.0143 0.0892 0.1957 0.2834 

 

Std. dev.  0.0724 0.2649 0.5180 0.6890 

Annualized returns 

    Stocks Mean  0.0733 0.0460 0.0401 0.0376 

 

Std. dev.  0.2667 0.0905 0.0561 0.0473 

Bonds Mean  0.0236 0.0185 0.0163 0.0150 

 

Std. dev.  0.1225 0.0695 0.0570 0.0467 

Bills Mean  0.0143 0.0123 0.0104 0.0089 

  Std. dev.  0.0724 0.0504 0.0408 0.0329 
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Table 4.5 (cont’d)  

Panel L - South Africa 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0968 0.5414 1.2328 2.3903 

 

Std. dev.  0.2238 0.7522 1.1536 2.5403 

Bonds Mean  0.0226 0.1285 0.2638 0.3880 

 

Std. dev.  0.1041 0.3172 0.5940 0.8882 

Bills Mean  0.0120 0.0715 0.1320 0.1710 

 

Std. dev.  0.0628 0.2118 0.3571 0.4630 

Annualized returns 

    Stocks Mean  0.0968 0.0748 0.0717 0.0719 

 

Std. dev.  0.2238 0.0885 0.0531 0.0426 

Bonds Mean  0.0226 0.0183 0.0144 0.0115 

 

Std. dev.  0.1041 0.0557 0.0451 0.0377 

Bills Mean  0.0120 0.0108 0.0081 0.0060 

  Std. dev.  0.0628 0.0393 0.0311 0.0255 

Panel M - Spain 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0617 0.3965 0.7743 1.2760 

 

Std. dev.  0.2178 0.8349 1.1153 2.2847 

Bonds Mean  0.0198 0.1053 0.2167 0.3154 

 

Std. dev.  0.1181 0.3103 0.5452 0.8141 

Bills Mean  0.0051 0.0399 0.0942 0.1315 

 

Std. dev.  0.0591 0.2185 0.3892 0.5228 

Annualized returns 

    Stocks Mean  0.0617 0.0425 0.0377 0.0337 

 

Std. dev.  0.2178 0.1183 0.0749 0.0564 

Bonds Mean  0.0198 0.0135 0.0109 0.0081 

 

Std. dev.  0.1181 0.0588 0.0449 0.0376 

Bills Mean  0.0051 0.0041 0.0031 0.0016 

  Std. dev.  0.0591 0.0440 0.0367 0.0312 

Panel N - Sweden 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.1005 0.6186 1.4792 2.4218 

 

Std. dev.  0.2242 0.7769 1.6724 2.3132 

Bonds Mean  0.0309 0.1871 0.4328 0.7360 

 

Std. dev.  0.1243 0.3993 0.7793 1.3297 

Bills Mean  0.0215 0.1236 0.2577 0.3931 

 

Std. dev.  0.0686 0.2483 0.4173 0.5977 

Annualized returns 

    Stocks Mean  0.1005 0.0824 0.0778 0.0719 

 

Std. dev.  0.2242 0.1003 0.0627 0.0449 

Bonds Mean  0.0309 0.0261 0.0246 0.0227 

 

Std. dev.  0.1243 0.0670 0.0512 0.0445 

Bills Mean  0.0215 0.0197 0.0187 0.0176 

  Std. dev.  0.0686 0.0443 0.0313 0.0253 
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Table 4.5 (cont’d)  

Panel O - Switzerland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0633 0.3651 0.7914 1.3384 

 

Std. dev.  0.1951 0.5830 0.9718 1.4888 

Bonds Mean  0.0287 0.1540 0.3173 0.4844 

 

Std. dev.  0.0777 0.2389 0.4015 0.6109 

Bills Mean  0.0093 0.0534 0.1048 0.1515 

 

Std. dev.  0.0504 0.1808 0.2901 0.4031 

Annualized returns 

    Stocks Mean  0.0633 0.0486 0.0461 0.0446 

 

Std. dev.  0.1951 0.0921 0.0584 0.0466 

Bonds Mean  0.0287 0.0255 0.0241 0.0228 

 

Std. dev.  0.0777 0.0432 0.0293 0.0226 

Bills Mean  0.0093 0.0081 0.0072 0.0065 

  Std. dev.  0.0504 0.0350 0.0247 0.0195 

Panel P - UK 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0734 0.4078 0.9780 1.8036 

 

Std. dev.  0.1970 0.4988 0.9637 1.7051 

Bonds Mean  0.0217 0.1362 0.3260 0.5629 

 

Std. dev.  0.1373 0.3910 0.7070 1.1828 

Bills Mean  0.0121 0.0732 0.1582 0.2339 

 

Std. dev.  0.0634 0.2158 0.3850 0.5209 

Annualized returns 

    Stocks Mean  0.0734 0.0591 0.0591 0.0595 

 

Std. dev.  0.1970 0.0803 0.0526 0.0425 

Bonds Mean  0.0217 0.0162 0.0153 0.0139 

 

Std. dev.  0.1373 0.0707 0.0556 0.0481 

Bills Mean  0.0121 0.0108 0.0100 0.0091 

  Std. dev.  0.0634 0.0417 0.0327 0.0263 

Panel Q - US 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0847 0.4661 1.0983 2.0227 

 

Std. dev.  0.1992 0.5522 0.9680 1.6977 

Bonds Mean  0.0238 0.1326 0.2986 0.4912 

 

Std. dev.  0.0977 0.2873 0.5430 0.8517 

Bills Mean  0.0108 0.0599 0.1244 0.1758 

 

Std. dev.  0.0468 0.1667 0.2774 0.3553 

Annualized returns 

    Stocks Mean  0.0847 0.0672 0.0663 0.0656 

 

Std. dev.  0.1992 0.0819 0.0511 0.0415 

Bonds Mean  0.0238 0.0201 0.0189 0.0178 

 

Std. dev.  0.0977 0.0513 0.0409 0.0358 

Bills Mean  0.0108 0.0096 0.0089 0.0079 

  Std. dev.  0.0468 0.0326 0.0258 0.0210 
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Table 4.6: Equity risk premiums for various holding periods around the world 

(Based on 5000 block bootstrapped samples) 

Table 4.6 reports the equity risk premiums in terms of both the arithmetic mean and geometric mean over 1, 5, 10 and 15-year holding periods in 

seventeen countries using 5000 block bootstrapped holding period returns. The equity risk premiums relative to bills are reported in Panel A, 

while panel B reports the equity risk premiums relative to bonds. 

 

Panel A: Equity risk premiums relative to Bills  

 

                  1 year                    5 years                   10 years                  15 years 

Country 

Arithmetic   

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric  

   Mean 

Australia 0.0836 0.0694 0.4732 0.4087 1.1189 1.0133 2.2397 1.9168 

Belgium 0.0491 0.0308 0.2553 0.1628 0.5093 0.3520 0.9225 0.5767 

Canada 0.0589 0.0470 0.3397 0.2760 0.7533 0.6803 1.5020 1.2641 

Denmark 0.0427 0.0277 0.2059 0.1613 0.4385 0.3913 0.8589 0.7116 

France 0.0899 0.0687 0.4756 0.3484 0.9460 0.7222 1.7279 1.1461 

Germany 0.0835 0.0368 0.4397 0.1996 1.1650 0.4528 2.2196 0.7814 

Ireland 0.0641 0.0428 0.3476 0.2419 0.8047 0.5728 1.5275 1.0160 

Italy 0.0966 0.0653 0.4229 0.3152 0.8601 0.6211 1.5210 0.9395 

Japan 0.0941 0.0636 0.5420 0.3345 1.2529 0.7385 2.6345 1.2718 

Netherlands 0.0674 0.0484 0.4057 0.2777 0.9337 0.6664 1.8149 1.2093 

Norway 0.0544 0.0289 0.2353 0.1611 0.4702 0.3738 0.8962 0.6450 

South Africa 0.0836 0.0629 0.4815 0.3707 1.1090 0.9207 2.2530 1.7258 

Spain 0.0524 0.0323 0.3598 0.1797 0.6750 0.4144 1.3235 0.7179 

Sweden 0.0772 0.0576 0.4790 0.3519 1.2141 0.9084 2.5514 1.7889 

Switzerland 0.0550 0.0376 0.3198 0.2117 0.6897 0.4936 1.3029 0.8695 

UK 0.0658 0.0487 0.3502 0.2813 0.8200 0.6786 1.5639 1.2354 

US 0.0755 0.0564 0.4196 0.3299 0.9773 0.8070 1.9145 1.4968 
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Table 4.6 (cont’d) 

Panel B: Equity risk premiums relative to Bonds  

 

                  1 year                    5 years                   10 years                  15 years 

Country 

Arithmetic   

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric 

Mean 

Arithmetic 

Mean 

Geometric  

   Mean 

Australia 0.0645 0.0611 0.3562 0.3535 0.8193 0.8014 1.7595 1.7454 

Belgium 0.0414 0.0294 0.2141 0.1546 0.4031 0.3320 0.7700 0.5428 

Canada 0.0479 0.0439 0.2659 0.2578 0.5637 0.5351 1.1935 1.1838 

Denmark 0.0304 0.0204 0.1366 0.1193 0.2481 0.2400 0.5381 0.5317 

France 0.0564 0.0415 0.2976 0.2197 0.5462 0.4772 1.1421 0.7958 

Germany 0.0756 0.0511 0.4048 0.2624 1.0721 0.5577 2.0841 0.9186 

Ireland 0.0482 0.0385 0.2614 0.2175 0.5887 0.5148 1.1843 0.9163 

Italy 0.0737 0.0456 0.3006 0.2270 0.5920 0.4627 1.1414 0.7244 

Japan 0.0745 0.0559 0.4522 0.2940 1.0485 0.6503 2.3012 1.1332 

Netherlands 0.0577 0.0423 0.3499 0.2455 0.8058 0.5952 1.6131 1.0940 

Norway 0.0445 0.0239 0.1751 0.1333 0.3169 0.3086 0.6550 0.5360 

South Africa 0.0710 0.0571 0.4113 0.3393 0.9417 0.8507 1.9899 1.6112 

Spain 0.0394 0.0250 0.2978 0.1412 0.5506 0.3328 1.1219 0.5879 

Sweden 0.0660 0.0524 0.4080 0.3221 1.0327 0.8363 2.2485 1.6632 

Switzerland 0.0355 0.0208 0.2100 0.1222 0.4705 0.2991 0.9321 0.5521 

UK 0.0503 0.0443 0.2629 0.2560 0.6057 0.6016 1.2204 1.1322 

US 0.0602 0.0470 0.3329 0.2797 0.7736 0.6960 1.5878 1.3151 
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Table 4.7 Shortfall risk for real bonds and stocks over various holding period 

(Based on 5000 block bootstrapped samples) 

Table 4.7 reports the mean shortfall risk for real stock returns and real bonds returns 

over various holding periods in the seventeen countries based on 5000 bock 

bootstrapped resamples of each holding period return. The shortfall risk of a particular 

holding period is calculated as the probability of total holding periods of returns that 

fall below corresponding real bills returns in the same holding period. The shortfall 

risk for real stocks against real bills is reported in Panel A, while panel B reports the 

shortfall risk for real bonds against real bills. 

 

Panel A: Shortfall risk for real stocks against real bills

                  Investment Horizons

Country 1 year 5 years 10 years 15 years

Australia 26.54% 15.00% 6.87% 3.95%

Belgium 42.85% 42.39% 33.44% 27.25%

Canada 37.06% 26.91% 16.21% 10.50%

Denmark 45.77% 34.77% 18.95% 19.35%

France 40.02% 25.92% 11.08% 8.60%

Germany 37.53% 36.75% 28.88% 26.67%

Ireland 41.04% 27.53% 20.33% 12.96%

Italy 37.96% 35.62% 18.86% 17.08%

Japan 43.54% 27.33% 19.11% 15.50%

Netherlands 36.82% 22.62% 21.23% 18.54%

Norway 42.44% 34.53% 24.47% 21.75%

South Africa 40.56% 21.04% 10.89% 6.12%

Spain 42.12% 36.57% 24.38% 24.68%

Sweden 39.50% 21.70% 20.30% 12.33%

Switzerland 35.77% 33.80% 23.97% 19.16%

UK 34.07% 19.64% 6.96% 6.37%

US 33.32% 22.31% 14.13% 9.89%  
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Table 4.7 (cont’d) 

Panel B: Shortfall risk for real bonds against real bills

                  Investment Horizons

Country 1 year 5 years 10 years 15 years

Australia 40.28% 37.82% 39.47% 35.64%

Belgium 45.04% 52.95% 53.29% 47.49%

Canada 46.91% 43.53% 46.70% 41.95%

Denmark 48.48% 47.84% 50.36% 40.43%

France 36.97% 27.24% 19.08% 14.69%

Germany 38.16% 34.76% 29.29% 37.09%

Ireland 53.31% 46.64% 46.81% 41.44%

Italy 24.38% 23.73% 19.98% 14.98%

Japan 38.15% 36.15% 38.01% 39.17%

Netherlands 44.81% 41.85% 37.28% 36.72%

Norway 33.34% 37.47% 39.53% 41.33%

South Africa 39.12% 39.54% 42.49% 38.71%

Spain 44.00% 42.14% 39.61% 36.95%

Sweden 55.69% 56.02% 53.58% 46.11%

Switzerland 31.18% 17.50% 12.09% 7.23%

UK 53.00% 46.24% 45.73% 41.63%

US 51.76% 41.40% 44.52% 36.09%  
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Table 4.8: Mean coefficient of variation for the three asset classes over various holding periods  

(Based on 5000 block bootstrapped samples) 

Table 4.8 reports the mean coefficient of variation for the three asset classes over 1, 5, 10 and 15-year holding periods for both total horizon 

returns and annualised returns in the seventeen countries using 5000 block bootstrapped resamples. The coefficient of the variation for each 

investment horizon is computed as the standard deviation of the 5000 holding periods of returns divided by the mean of the continuously 

compounded returns of the 5000 bootstrapped samples for each holding period.  

 

Panel A: Mean coefficient of variation for stocks

                  Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

1.96 0.93 0.67 0.70 1.96 0.97 0.59 0.51

4.63 2.18 1.64 1.51 4.63 3.29 2.39 2.03

2.21 1.15 0.76 0.78 2.21 1.13 0.62 0.55

3.01 1.31 0.90 0.87 3.01 1.30 0.76 0.66

3.78 1.96 1.48 1.41 3.78 2.68 1.86 1.59

3.83 2.21 2.13 1.81 3.83 3.38 2.59 2.21

3.05 1.61 1.19 1.14 3.05 1.73 1.22 1.00

4.49 2.14 1.80 1.63 4.49 3.97 3.08 2.64

3.41 1.72 1.53 1.43 3.41 2.90 2.39 2.11

2.84 1.53 1.19 1.13 2.84 1.65 1.11 0.92

3.98 1.66 1.18 1.13 3.98 2.08 1.39 1.19

2.44 1.35 0.90 0.93 2.44 1.19 0.72 0.62

3.89 2.10 1.41 1.41 3.89 2.89 1.98 1.72

2.26 1.27 1.05 1.01 2.26 1.23 0.78 0.66

3.13 1.58 1.17 1.12 3.13 1.89 1.22 1.05

2.61 1.19 0.96 0.91 2.61 1.33 0.88 0.73

2.37 1.16 0.86 0.85 2.37 1.21 0.75 0.64  
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Table 4.8 (cont’d) 

Panel B: Mean coefficient of variation for bonds

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 5.13 2.61 2.00 1.71 5.13 3.69 3.19 2.52

Belgium 20.08 5.92 3.58 3.21 20.08 67.05 284.93 -61.35

Canada 3.74 2.04 1.65 1.40 3.74 2.47 2.02 1.60

Denmark 3.28 1.66 1.44 1.22 3.28 1.89 1.54 1.20

France 23.79 4.52 2.78 2.57 23.79 128.09 -96.69 -25.14

Germany 17.71 5.03 3.18 2.97 17.71 -15.35 -8.35 -5.65

Ireland 6.18 2.88 2.18 1.87 6.18 4.49 3.77 3.07

Italy -19.41 12.05 5.27 5.18 -19.41 -7.53 -5.26 -3.74

Japan 14.75 3.38 2.22 2.07 14.75 -68.90 -16.93 -9.14

Netherlands 5.52 2.81 2.16 1.81 5.52 3.80 3.14 2.50

Norway 5.73 2.69 2.25 1.87 5.73 4.42 3.72 3.07

South Africa 5.03 2.63 2.00 1.68 5.03 3.25 2.68 2.12

Spain 7.13 3.30 2.48 2.07 7.13 5.22 4.12 3.35

Sweden 4.02 2.11 1.71 1.46 4.02 2.62 1.99 1.61

Switzerland 3.04 1.72 1.19 1.06 3.04 1.89 1.16 1.01

UK 5.34 2.51 1.92 1.66 5.34 3.59 2.93 2.36

US 4.13 2.14 1.71 1.43 4.13 2.53 2.01 1.58  
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Table 4.8 (cont’d) 

Panel C: Mean coefficient of variation for bills

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 7.70 4.21 3.11 2.55 7.70 6.47 5.81 4.58

Belgium -53.75 13.15 6.44 5.94 -53.75 -19.44 -13.19 -9.03

Canada 2.78 1.82 1.48 1.20 2.78 2.04 1.68 1.29

Denmark 2.51 1.58 1.33 1.09 2.51 1.75 1.37 1.07

France -3.46 -3.20 -3.11 -2.14 -3.46 -2.56 -2.13 -1.59

Germany 64.92 5.89 3.80 3.32 64.92 -54.91 -21.99 -13.34

Ireland 7.60 3.85 2.93 2.38 7.60 5.91 4.92 3.93

Italy -3.70 -3.38 -3.13 -2.24 -3.70 -2.78 -2.18 -1.68

Japan -23.94 7.29 4.07 3.73 -23.94 -9.41 -6.07 -4.29

Netherlands 6.29 3.70 2.81 2.27 6.29 5.09 4.41 3.41

Norway 5.97 3.22 2.58 2.08 5.97 4.69 3.94 3.12

South Africa 6.35 3.46 2.63 2.13 6.35 4.49 3.75 2.94

Spain 14.47 6.06 4.21 3.46 14.47 13.71 12.57 10.13

Sweden 3.30 2.00 1.55 1.29 3.30 2.28 1.64 1.33

Switzerland 5.97 3.43 2.61 2.09 5.97 4.47 3.27 2.64

UK 5.56 3.04 2.38 1.94 5.56 4.07 3.24 2.58

US 4.78 2.85 2.16 1.76 4.78 3.51 2.79 2.20  
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Table 4.9 Mean Sharpe ratios for three asset classes over various holding periods 

(Based on 5000 block bootstrapped samples) 

Table 4.9 reports the mean Sharpe ratios for the three asset classes over 1, 5, 10 and 15-year holding periods for both total horizon returns and 

annualised returns in the seventeen countries using 5000 block bootstrapped resamples. The Sharpe ratio is computed as an asset’s mean excess 

continuously compounded returns of 5000 block bootstrapped resamples for each holding period returns over treasury bills divided by the 

standard deviation of 5000 holding period returns. Panel A reports mean Sharpe ratios for stocks, while Panel B reports mean Sharpe ratios for 

bonds. 

Panel A: Mean Sharpe ratios for stocks

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 0.47 0.97 1.33 1.33 0.47 0.95 1.56 1.80

Belgium 0.22 0.43 0.54 0.60 0.22 0.34 0.48 0.57

Canada 0.35 0.67 1.01 1.04 0.35 0.65 1.19 1.33

Denmark 0.21 0.45 0.65 0.73 0.21 0.42 0.72 0.82

France 0.38 0.63 0.78 0.81 0.38 0.63 0.96 1.15

Germany 0.26 0.41 0.42 0.51 0.26 0.31 0.42 0.50

Ireland 0.29 0.53 0.71 0.77 0.29 0.50 0.70 0.86

Italy 0.33 0.59 0.66 0.71 0.33 0.54 0.78 0.96

Japan 0.31 0.53 0.58 0.64 0.31 0.42 0.56 0.67

Netherlands 0.31 0.58 0.74 0.80 0.31 0.53 0.78 0.95

Norway 0.21 0.45 0.60 0.67 0.21 0.36 0.53 0.63

South Africa 0.37 0.66 0.99 0.98 0.37 0.75 1.22 1.43

Spain 0.24 0.43 0.62 0.64 0.24 0.32 0.47 0.54

Sweden 0.35 0.63 0.79 0.85 0.35 0.62 0.97 1.15

Switzerland 0.28 0.54 0.74 0.79 0.28 0.45 0.69 0.80

UK 0.33 0.70 0.87 0.95 0.33 0.63 0.95 1.14

US 0.37 0.75 1.03 1.07 0.37 0.72 1.15 1.35  
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Table 4.9 (cont’d) 

 Panel B: Mean Sharpe ratios for bonds

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 0.14 0.27 0.35 0.42 0.14 0.18 0.21 0.27

Belgium 0.06 0.11 0.17 0.20 0.06 0.06 0.07 0.07

Canada 0.10 0.20 0.28 0.33 0.10 0.13 0.15 0.18

Denmark 0.10 0.20 0.26 0.32 0.10 0.14 0.17 0.21

France 0.25 0.44 0.54 0.61 0.25 0.32 0.37 0.46

Germany 0.05 0.08 0.13 0.14 0.05 -0.05 -0.09 -0.13

Ireland 0.10 0.20 0.28 0.33 0.10 0.12 0.14 0.17

Italy 0.15 0.30 0.38 0.43 0.15 0.19 0.22 0.27

Japan 0.10 0.19 0.25 0.29 0.10 0.08 0.08 0.09

Netherlands 0.10 0.18 0.23 0.29 0.10 0.13 0.15 0.19

Norway 0.08 0.16 0.20 0.24 0.08 0.08 0.09 0.10

South Africa 0.11 0.21 0.28 0.34 0.11 0.16 0.19 0.24

Spain 0.11 0.19 0.23 0.29 0.11 0.14 0.18 0.22

Sweden 0.09 0.17 0.24 0.29 0.09 0.10 0.13 0.15

Switzerland 0.23 0.39 0.56 0.65 0.23 0.37 0.60 0.69

UK 0.11 0.22 0.30 0.36 0.11 0.13 0.16 0.20

US 0.15 0.28 0.36 0.44 0.15 0.22 0.28 0.35  
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Appendix 4A: Simulation Results using geometric mean 

We have recalculated results in Table 4.4, 4.5, 4.7, 4.8 and 4.9 by taking the geometric 

mean of both accumulated holding period returns and annualised returns and also used 

geometric mean for one year holding period rather than arithmetic average. 

 

Table 4A.1 Returns and risks of asset classes at various investment horizons 

(Based on 5000 block bootstrapped samples) 

Table 4A.1 reports the geometric mean and standard deviation of returns for both total 

horizon returns and annualised returns for the three asset classes over 1, 5, 10 and 15-

year holding periods in the seventeen countries using 5000 block bootstrapped 

resamples. 

 

Panel A - Australia 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0750 0.4386 1.0777 2.0193 

 

Std. dev.  0.1781 0.4736 0.7948 1.5505 

Bonds Mean  0.0139 0.0751 0.1663 0.2739 

 

Std. dev.  0.1330 0.4127 0.7466 0.9737 

Bills Mean  0.0057 0.0298 0.0643 0.1025 

 

Std. dev.  0.0538 0.2074 0.3714 0.4337 

Annualized returns 

    Stocks Mean  0.0750 0.0750 0.0749 0.0750 

 

Std. dev.  0.1781 0.0734 0.0425 0.0360 

Bonds Mean  0.0139 0.0139 0.0139 0.0139 

 

Std. dev.  0.1330 0.0711 0.0562 0.0420 

Bills Mean  0.0057 0.0057 0.0057 0.0057 

  Std. dev.  0.0538 0.0403 0.0338 0.0249 

Panel B - Belgium 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0259 0.1408 0.3151 0.5301 

 

Std. dev.  0.2189 0.5844 0.8936 1.3918 

Bonds Mean  -0.0035 -0.0137 -0.0169 -0.0128 

 

Std. dev.  0.1220 0.3507 0.5899 0.7129 

Bills Mean  -0.0050 -0.0220 -0.0369 -0.0467 

 

Std. dev.  0.0804 0.2550 0.4039 0.4822 

Annualized returns 

    Stocks Mean  0.0259 0.0259 0.0258 0.0259 

 

Std. dev.  0.2189 0.0981 0.0628 0.0504 

Bonds Mean  -0.0035 -0.0035 -0.0036 -0.0035 

 

Std. dev.  0.1220 0.0722 0.0594 0.0443 

Bills Mean  -0.0050 -0.0049 -0.0050 -0.0049 

  Std. dev.  0.0804 0.0587 0.0470 0.0357 
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Table 4A.1 (cont’d)  

Panel C - Canada 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0634 0.3614 0.8604 1.5504 

 

Std. dev.  0.1694 0.4971 0.7140 1.3434 

Bonds Mean  0.0195 0.1036 0.2253 0.3665 

 

Std. dev.  0.1059 0.3274 0.6049 0.7837 

Bills Mean  0.0164 0.0854 0.1801 0.2863 

 

Std. dev.  0.0496 0.1827 0.3179 0.3936 

Annualized returns 

    Stocks Mean  0.0634 0.0633 0.0634 0.0633 

 

Std. dev.  0.1694 0.0724 0.0374 0.0328 

Bonds Mean  0.0195 0.0195 0.0195 0.0195 

 

Std. dev.  0.1059 0.0591 0.0457 0.0343 

Bills Mean  0.0164 0.0164 0.0163 0.0164 

  Std. dev.  0.0496 0.0344 0.0271 0.0203 

Panel D - Denmark 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0506 0.2822 0.6507 1.1301 

 

Std. dev.  0.2020 0.4505 0.6510 1.1174 

Bonds Mean  0.0302 0.1629 0.3607 0.5984 

 

Std. dev.  0.1196 0.3387 0.6964 0.9321 

Bills Mean  0.0229 0.1209 0.2595 0.4185 

 

Std. dev.  0.0612 0.2186 0.4014 0.5158 

Annualized returns 

    Stocks Mean  0.0506 0.0507 0.0507 0.0507 

 

Std. dev.  0.2020 0.0670 0.0370 0.0315 

Bonds Mean  0.0302 0.0302 0.0302 0.0302 

 

Std. dev.  0.1196 0.0576 0.0460 0.0343 

Bills Mean  0.0229 0.0229 0.0229 0.0229 

  Std. dev.  0.0612 0.0401 0.0301 0.0230 

Panel E - France 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0355 0.1976 0.4532 0.7814 

 

Std. dev.  0.2329 0.7341 1.1350 1.9489 

Bonds Mean  -0.0059 -0.0221 -0.0240 -0.0144 

 

Std. dev.  0.1310 0.3918 0.7029 0.8839 

Bills Mean  -0.0332 -0.1508 -0.2690 -0.3647 

 

Std. dev.  0.0955 0.2761 0.3890 0.4190 

Annualized returns 

    Stocks Mean  0.0355 0.0357 0.0357 0.0357 

 

Std. dev.  0.2329 0.1110 0.0685 0.0563 

Bonds Mean  -0.0059 -0.0059 -0.0059 -0.0059 

 

Std. dev.  0.1310 0.0922 0.0776 0.0590 

Bills Mean  -0.0332 -0.0332 -0.0332 -0.0332 

  Std. dev.  0.0955 0.0743 0.0617 0.0472 
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Table 4A.1 (cont’d)  

Panel F - Germany 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0317 0.1800 0.4269 0.7563 

 

Std. dev.  0.3261 1.0519 2.5539 4.1402 

Bonds Mean  -0.0194 -0.0824 -0.1308 -0.1624 

 

Std. dev.  0.1561 0.4098 0.6719 0.8722 

Bills Mean  -0.0051 -0.0196 -0.0258 -0.0251 

 

Std. dev.  0.0990 0.2777 0.4538 0.5557 

Annualized returns 

    Stocks Mean  0.0317 0.0319 0.0320 0.0319 

 

Std. dev.  0.3261 0.1398 0.0888 0.0720 

Bonds Mean  -0.0194 -0.0193 -0.0191 -0.0193 

 

Std. dev.  0.1561 0.1179 0.0935 0.0736 

Bills Mean  -0.0051 -0.0049 -0.0048 -0.0049 

  Std. dev.  0.0990 0.0734 0.0580 0.0457 

Panel G - Ireland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0492 0.2755 0.6440 1.1310 

 

Std. dev.  0.2217 0.6332 1.0671 1.8263 

Bonds Mean  0.0107 0.0580 0.1292 0.2147 

 

Std. dev.  0.1512 0.4138 0.7418 0.9559 

Bills Mean  0.0064 0.0337 0.0712 0.1150 

 

Std. dev.  0.0674 0.2290 0.3951 0.4693 

Annualized returns 

    Stocks Mean  0.0492 0.0491 0.0492 0.0491 

 

Std. dev.  0.2217 0.0903 0.0601 0.0473 

Bonds Mean  0.0107 0.0107 0.0106 0.0107 

 

Std. dev.  0.1512 0.0734 0.0563 0.0424 

Bills Mean  0.0064 0.0064 0.0063 0.0064 

  Std. dev.  0.0674 0.0444 0.0342 0.0258 

Panel H - Italy 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0236 0.1309 0.3038 0.5183 

 

Std. dev.  0.2940 0.6960 1.2293 1.9489 

Bonds Mean  -0.0221 -0.0961 -0.1589 -0.2062 

 

Std. dev.  0.1411 0.3967 0.6657 0.8051 

Bills Mean  -0.0417 -0.1843 -0.3173 -0.4212 

 

Std. dev.  0.1126 0.2892 0.3972 0.4368 

Annualized returns 

    Stocks Mean  0.0236 0.0236 0.0238 0.0236 

 

Std. dev.  0.2940 0.1216 0.0783 0.0631 

Bonds Mean  -0.0221 -0.0220 -0.0219 -0.0220 

 

Std. dev.  0.1411 0.1065 0.0872 0.0679 

Bills Mean  -0.0417 -0.0417 -0.0416 -0.0417 

  Std. dev.  0.1126 0.0956 0.0776 0.0617 
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Table 4A.1 (cont’d)  

Panel I - Japan 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0405 0.2365 0.5819 1.0769 

 

Std. dev.  0.3007 1.0065 2.0614 3.8483 

Bonds Mean  -0.0154 -0.0575 -0.0684 -0.0562 

 

Std. dev.  0.2043 0.4571 0.7574 1.0484 

Bills Mean  -0.0232 -0.0980 -0.1566 -0.1948 

 

Std. dev.  0.1364 0.3633 0.6046 0.7492 

Annualized returns 

    Stocks Mean  0.0405 0.0406 0.0405 0.0406 

 

Std. dev.  0.3007 0.1569 0.1056 0.0873 

Bonds Mean  -0.0154 -0.0154 -0.0154 -0.0154 

 

Std. dev.  0.2043 0.1293 0.1076 0.0867 

Bills Mean  -0.0232 -0.0232 -0.0232 -0.0232 

  Std. dev.  0.1364 0.1132 0.0932 0.0753 

Panel J - Netherlands 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0551 0.3130 0.7413 1.3272 

 

Std. dev.  0.2135 0.6847 1.1814 2.1040 

Bonds Mean  0.0128 0.0675 0.1461 0.2332 

 

Std. dev.  0.0959 0.2913 0.5180 0.6409 

Bills Mean  0.0068 0.0353 0.0749 0.1179 

 

Std. dev.  0.0503 0.1915 0.3336 0.3907 

Annualized returns 

    Stocks Mean  0.0551 0.0552 0.0552 0.0552 

 

Std. dev.  0.2135 0.0963 0.0600 0.0484 

Bonds Mean  0.0128 0.0128 0.0128 0.0128 

 

Std. dev.  0.0959 0.0524 0.0417 0.0310 

Bills Mean  0.0068 0.0068 0.0068 0.0068 

  Std. dev.  0.0503 0.0369 0.0302 0.0224 

Panel K - Norway 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0387 0.2123 0.4835 0.8203 

 

Std. dev.  0.2644 0.5135 0.7378 1.2471 

Bonds Mean  0.0148 0.0790 0.1749 0.2843 

 

Std. dev.  0.1220 0.3604 0.7288 0.9207 

Bills Mean  0.0097 0.0513 0.1098 0.1752 

 

Std. dev.  0.0719 0.2559 0.4724 0.5658 

Annualized returns 

    Stocks Mean  0.0387 0.0387 0.0388 0.0387 

 

Std. dev.  0.2644 0.0848 0.0519 0.0431 

Bonds Mean  0.0148 0.0147 0.0148 0.0147 

 

Std. dev.  0.1220 0.0669 0.0525 0.0398 

Bills Mean  0.0097 0.0097 0.0097 0.0097 

  Std. dev.  0.0719 0.0487 0.0379 0.0285 
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Table 4A.1 (cont’d)  

Panel L - South Africa 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0706 0.4105 1.0043 1.8577 

 

Std. dev.  0.2256 0.7083 1.0505 2.0884 

Bonds Mean  0.0135 0.0712 0.1537 0.2465 

 

Std. dev.  0.1037 0.2939 0.5451 0.6691 

Bills Mean  0.0077 0.0399 0.0837 0.1320 

 

Std. dev.  0.0611 0.1966 0.3288 0.3901 

Annualized returns 

    Stocks Mean  0.0706 0.0707 0.0708 0.0707 

 

Std. dev.  0.2256 0.0858 0.0493 0.0407 

Bonds Mean  0.0135 0.0135 0.0135 0.0135 

 

Std. dev.  0.1037 0.0521 0.0420 0.0310 

Bills Mean  0.0077 0.0077 0.0076 0.0077 

  Std. dev.  0.0611 0.0368 0.0289 0.0215 

Panel M - Spain 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0350 0.1945 0.4471 0.7724 

 

Std. dev.  0.2189 0.8081 1.0224 1.9254 

Bonds Mean  0.0100 0.0532 0.1143 0.1844 

 

Std. dev.  0.1195 0.3019 0.5064 0.6330 

Bills Mean  0.0027 0.0147 0.0327 0.0545 

 

Std. dev.  0.0599 0.2141 0.3643 0.4226 

Annualized returns 

    Stocks Mean  0.0350 0.0351 0.0351 0.0351 

 

Std. dev.  0.2189 0.1164 0.0690 0.0576 

Bonds Mean  0.0100 0.0101 0.0100 0.0101 

 

Std. dev.  0.1195 0.0574 0.0419 0.0320 

Bills Mean  0.0027 0.0027 0.0026 0.0027 

  Std. dev.  0.0599 0.0431 0.0343 0.0255 

Panel N - Sweden 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0761 0.4485 1.1131 2.1162 

 

Std. dev.  0.2204 0.7452 1.4659 2.8156 

Bonds Mean  0.0237 0.1263 0.2768 0.4530 

 

Std. dev.  0.1262 0.3880 0.7092 0.9504 

Bills Mean  0.0185 0.0966 0.2047 0.3273 

 

Std. dev.  0.0678 0.2371 0.3741 0.4866 

Annualized returns 

    Stocks Mean  0.0761 0.0762 0.0760 0.0762 

 

Std. dev.  0.2204 0.0970 0.0577 0.0477 

Bonds Mean  0.0237 0.0236 0.0237 0.0236 

 

Std. dev.  0.1262 0.0656 0.0476 0.0363 

Bills Mean  0.0185 0.0184 0.0184 0.0184 

  Std. dev.  0.0678 0.0427 0.0288 0.0226 
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Table 4A.1 (cont’d)  

Panel O - Switzerland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0446 0.2476 0.5678 0.9862 

 

Std. dev.  0.1977 0.5711 0.8714 1.4874 

Bonds Mean  0.0238 0.1255 0.2687 0.4340 

 

Std. dev.  0.0775 0.2318 0.3644 0.4907 

Bills Mean  0.0070 0.0360 0.0742 0.1167 

 

Std. dev.  0.0500 0.1740 0.2630 0.3186 

Annualized returns 

    Stocks Mean  0.0446 0.0446 0.0445 0.0446 

 

Std. dev.  0.1977 0.0903 0.0535 0.0445 

Bonds Mean  0.0238 0.0238 0.0237 0.0238 

 

Std. dev.  0.0775 0.0419 0.0270 0.0217 

Bills Mean  0.0070 0.0070 0.0069 0.0070 

  Std. dev.  0.0500 0.0337 0.0228 0.0180 

Panel P - UK 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0582 0.3307 0.7821 1.3996 

 

Std. dev.  0.1996 0.4882 0.8941 1.5410 

Bonds Mean  0.0140 0.0747 0.1635 0.2674 

 

Std. dev.  0.1407 0.3810 0.6511 0.8523 

Bills Mean  0.0095 0.0495 0.1035 0.1642 

 

Std. dev.  0.0631 0.2100 0.3519 0.4265 

Annualized returns 

    Stocks Mean  0.0582 0.0583 0.0583 0.0583 

 

Std. dev.  0.1996 0.0786 0.0490 0.0401 

Bonds Mean  0.0140 0.0140 0.0139 0.0140 

 

Std. dev.  0.1407 0.0692 0.0517 0.0393 

Bills Mean  0.0095 0.0095 0.0094 0.0095 

  Std. dev.  0.0631 0.0407 0.0303 0.0231 

Panel Q - US 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0652 0.3752 0.9009 1.6444 

 

Std. dev.  0.2011 0.5376 0.8891 1.6649 

Bonds Mean  0.0181 0.0955 0.2048 0.3294 

 

Std. dev.  0.0997 0.2790 0.5011 0.6349 

Bills Mean  0.0088 0.0454 0.0939 0.1477 

 

Std. dev.  0.0467 0.1608 0.2545 0.3104 

Annualized returns 

    Stocks Mean  0.0652 0.0653 0.0652 0.0653 

 

Std. dev.  0.2011 0.0801 0.0472 0.0394 

Bonds Mean  0.0181 0.0181 0.0181 0.0181 

 

Std. dev.  0.0997 0.0501 0.0381 0.0288 

Bills Mean  0.0088 0.0088 0.0087 0.0088 

  Std. dev.  0.0467 0.0314 0.0236 0.0181 
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Table 4A.2 Returns and risks of asset classes at various investment horizons                     

(Based on overlapping holding periods of returns) 

Table 4A.2 reports the geometric mean and standard deviation of returns for both total 

horizon returns and annualised returns for the three asset classes over 1, 5, 10 and 15-

year holding periods in the seventeen countries using overlapping holding periods of 

returns. 

 

Panel A - Australia 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0788 0.4493 1.0631 1.9082 

 

Std. dev.  0.1744 0.4826 0.8621 1.6459 

Bonds Mean  0.0135 0.0761 0.1508 0.2204 

 

Std. dev.  0.1313 0.4264 0.8152 1.2980 

Bills Mean  0.0065 0.0317 0.0592 0.0837 

 

Std. dev.  0.0544 0.2134 0.4007 0.5661 

Annualized returns 

    Stocks Mean  0.0788 0.0770 0.0751 0.0738 

 

Std. dev.  0.1744 0.0751 0.0463 0.0373 

Bonds Mean  0.0135 0.0148 0.0141 0.0134 

 

Std. dev.  0.1313 0.0728 0.0604 0.0521 

Bills Mean  0.0065 0.0063 0.0058 0.0054 

  Std. dev.  0.0544 0.0415 0.0364 0.0321 

Panel B - Belgium 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0251 0.1413 0.2889 0.4303 

 

Std. dev.  0.2188 0.5991 0.9667 1.6652 

Bonds Mean  -0.0021 -0.0085 -0.0367 -0.0780 

 

Std. dev.  0.1206 0.3598 0.6370 0.9174 

Bills Mean  -0.0035 -0.0183 -0.0501 -0.0931 

 

Std. dev.  0.0811 0.2636 0.4368 0.6099 

Annualized returns 

    Stocks Mean  0.0251 0.0268 0.0257 0.0241 

 

Std. dev.  0.2188 0.1001 0.0675 0.0537 

Bonds Mean  -0.0021 -0.0017 -0.0037 -0.0054 

 

Std. dev.  0.1206 0.0746 0.0644 0.0554 

Bills Mean  -0.0035 -0.0037 -0.0051 -0.0065 

  Std. dev.  0.0811 0.0610 0.0513 0.0449 
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Table 4A.2 (cont’d)  

Panel C - Canada 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0633 0.3566 0.8481 1.4900 

 

Std. dev.  0.1655 0.5078 0.7914 1.2800 

Bonds Mean  0.0202 0.1042 0.2146 0.3249 

 

Std. dev.  0.1038 0.3370 0.6560 1.1101 

Bills Mean  0.0164 0.0849 0.1769 0.2702 

 

Std. dev.  0.0490 0.1862 0.3423 0.5013 

Annualized returns 

    Stocks Mean  0.0633 0.0629 0.0633 0.0627 

 

Std. dev.  0.1655 0.0732 0.0404 0.0315 

Bonds Mean  0.0202 0.0200 0.0196 0.0189 

 

Std. dev.  0.1038 0.0608 0.0493 0.0435 

Bills Mean  0.0164 0.0164 0.0164 0.0161 

  Std. dev.  0.0490 0.0351 0.0292 0.0255 

Panel D - Denmark 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0531 0.2856 0.6329 1.0536 

 

Std. dev.  0.2000 0.4676 0.7155 1.0738 

Bonds Mean  0.0298 0.1611 0.3409 0.5335 

 

Std. dev.  0.1171 0.3460 0.7513 1.2734 

Bills Mean  0.0229 0.1194 0.2517 0.3964 

 

Std. dev.  0.0609 0.2241 0.4387 0.5979 

Annualized returns 

    Stocks Mean  0.0531 0.0515 0.0503 0.0491 

 

Std. dev.  0.2000 0.0685 0.0396 0.0311 

Bonds Mean  0.0298 0.0303 0.0298 0.0289 

 

Std. dev.  0.1171 0.0587 0.0492 0.0427 

Bills Mean  0.0229 0.0228 0.0227 0.0225 

  Std. dev.  0.0609 0.0412 0.0325 0.0253 

Panel E - France 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0371 0.1947 0.4281 0.6454 

 

Std. dev.  0.2289 0.7573 1.2462 1.8554 

Bonds Mean  -0.0033 -0.0187 -0.0567 -0.1176 

 

Std. dev.  0.1304 0.4037 0.7572 1.2040 

Bills Mean  -0.0291 -0.1451 -0.2875 -0.4249 

 

Std. dev.  0.0964 0.2877 0.4216 0.5132 

Annualized returns 

    Stocks Mean  0.0371 0.0362 0.0363 0.0338 

 

Std. dev.  0.2289 0.1132 0.0739 0.0529 

Bonds Mean  -0.0033 -0.0038 -0.0058 -0.0083 

 

Std. dev.  0.1304 0.0963 0.0847 0.0742 

Bills Mean  -0.0291 -0.0309 -0.0333 -0.0362 

  Std. dev.  0.0964 0.0787 0.0689 0.0600 
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Table 4A.2 (cont’d)  

Panel F - Germany 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0336 0.1687 0.3674 0.5698 

 

Std. dev.  0.3212 1.1450 3.7537 5.0056 

Bonds Mean  -0.0176 -0.0875 -0.1793 -0.2755 

 

Std. dev.  0.1543 0.4216 0.7217 1.0107 

Bills Mean  -0.0036 -0.0216 -0.0520 -0.0942 

 

Std. dev.  0.1016 0.2916 0.5024 0.6358 

Annualized returns 

    Stocks Mean  0.0336 0.0317 0.0318 0.0305 

 

Std. dev.  0.3212 0.1448 0.0993 0.0720 

Bonds Mean  -0.0176 -0.0181 -0.0196 -0.0213 

 

Std. dev.  0.1543 0.1226 0.1020 0.0864 

Bills Mean  -0.0036 -0.0044 -0.0053 -0.0066 

  Std. dev.  0.1016 0.0800 0.0672 0.0552 

Panel G - Ireland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0460 0.2648 0.6186 1.0396 

 

Std. dev.  0.2211 0.6506 1.1517 2.3594 

Bonds Mean  0.0102 0.0567 0.1132 0.1636 

 

Std. dev.  0.1473 0.4236 0.8027 1.3729 

Bills Mean  0.0064 0.0326 0.0651 0.0913 

 

Std. dev.  0.0670 0.2342 0.4271 0.5740 

Annualized returns 

    Stocks Mean  0.0460 0.0481 0.0493 0.0487 

 

Std. dev.  0.2211 0.0919 0.0642 0.0527 

Bonds Mean  0.0102 0.0111 0.0108 0.0102 

 

Std. dev.  0.1473 0.0748 0.0602 0.0527 

Bills Mean  0.0064 0.0064 0.0063 0.0058 

  Std. dev.  0.0670 0.0453 0.0366 0.0298 

Panel H - Italy 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0252 0.1259 0.2546 0.3524 

 

Std. dev.  0.2873 0.7059 1.3790 1.8001 

Bonds Mean  -0.0178 -0.0956 -0.2063 -0.3327 

 

Std. dev.  0.1415 0.4094 0.7192 1.0113 

Bills Mean  -0.0375 -0.1842 -0.3522 -0.5020 

 

Std. dev.  0.1162 0.3008 0.4313 0.4641 

Annualized returns 

    Stocks Mean  0.0252 0.0240 0.0229 0.0203 

 

Std. dev.  0.2873 0.1233 0.0844 0.0598 

Bonds Mean  -0.0178 -0.0199 -0.0228 -0.0266 

 

Std. dev.  0.1415 0.1127 0.0969 0.0808 

Bills Mean  -0.0375 -0.0399 -0.0425 -0.0454 

  Std. dev.  0.1162 0.1033 0.0889 0.0741 
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Table 4A.2 (cont’d)  

Panel I - Japan 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0434 0.2287 0.4698 0.7713 

 

Std. dev.  0.2970 1.0519 2.4809 3.9986 

Bonds Mean  -0.0126 -0.0689 -0.1518 -0.2550 

 

Std. dev.  0.2028 0.4684 0.8234 1.1165 

Bills Mean  -0.0199 -0.1047 -0.2159 -0.3323 

 

Std. dev.  0.1406 0.3779 0.6827 0.8474 

Annualized returns 

    Stocks Mean  0.0434 0.0421 0.0393 0.0388 

 

Std. dev.  0.2970 0.1632 0.1171 0.0900 

Bonds Mean  -0.0126 -0.0142 -0.0163 -0.0194 

 

Std. dev.  0.2028 0.1388 0.1239 0.1109 

Bills Mean  -0.0199 -0.0219 -0.0240 -0.0266 

  Std. dev.  0.1406 0.1238 0.1088 0.0955 

Panel J - Netherland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0538 0.2952 0.7094 1.2069 

 

Std. dev.  0.2103 0.7015 1.2893 2.4036 

Bonds Mean  0.0127 0.0685 0.1364 0.1993 

 

Std. dev.  0.0942 0.3002 0.5597 0.8924 

Bills Mean  0.0070 0.0353 0.0702 0.1001 

 

Std. dev.  0.0499 0.1964 0.3598 0.5138 

Annualized returns 

    Stocks Mean  0.0538 0.0531 0.0551 0.0542 

 

Std. dev.  0.2103 0.0985 0.0644 0.0516 

Bonds Mean  0.0127 0.0133 0.0129 0.0122 

 

Std. dev.  0.0942 0.0539 0.0446 0.0400 

Bills Mean  0.0070 0.0070 0.0068 0.0064 

  Std. dev.  0.0499 0.0378 0.0325 0.0288 

Panel K - Norway 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0455 0.2282 0.4597 0.7120 

 

Std. dev.  0.2667 0.5835 0.7988 1.6518 

Bonds Mean  0.0162 0.0831 0.1568 0.2301 

 

Std. dev.  0.1225 0.3732 0.8083 1.2008 

Bills Mean  0.0117 0.0564 0.0998 0.1323 

 

Std. dev.  0.0724 0.2649 0.5180 0.6890 

Annualized returns 

    Stocks Mean  0.0455 0.0420 0.0385 0.0365 

 

Std. dev.  0.2667 0.0905 0.0561 0.0473 

Bonds Mean  0.0162 0.0161 0.0147 0.0139 

 

Std. dev.  0.1225 0.0695 0.0570 0.0467 

Bills Mean  0.0117 0.0110 0.0096 0.0083 

  Std. dev.  0.0724 0.0504 0.0408 0.0329 
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Table 4A.2 (cont’d)  

Panel L - South Africa 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0749 0.4111 0.9739 1.8021 

 

Std. dev.  0.2238 0.7522 1.1536 2.5403 

Bonds Mean  0.0172 0.0869 0.1428 0.1758 

 

Std. dev.  0.1041 0.3172 0.5940 0.8882 

Bills Mean  0.0100 0.0513 0.0792 0.0887 

 

Std. dev.  0.0628 0.2118 0.3571 0.4630 

Annualized returns 

    Stocks Mean  0.0749 0.0713 0.0704 0.0711 

 

Std. dev.  0.2238 0.0885 0.0531 0.0426 

Bonds Mean  0.0172 0.0168 0.0134 0.0109 

 

Std. dev.  0.1041 0.0557 0.0451 0.0377 

Bills Mean  0.0100 0.0101 0.0076 0.0057 

  Std. dev.  0.0628 0.0393 0.0311 0.0255 

Panel M - Spain 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0402 0.1919 0.4094 0.6092 

 

Std. dev.  0.2178 0.8349 1.1153 2.2847 

Bonds Mean  0.0130 0.0606 0.1031 0.1176 

 

Std. dev.  0.1181 0.3103 0.5452 0.8141 

Bills Mean  0.0033 0.0156 0.0249 0.0164 

 

Std. dev.  0.0591 0.2185 0.3892 0.5228 

Annualized returns 

    Stocks Mean  0.0402 0.0357 0.0349 0.0322 

 

Std. dev.  0.2178 0.1183 0.0749 0.0564 

Bonds Mean  0.0130 0.0118 0.0099 0.0074 

 

Std. dev.  0.1181 0.0588 0.0449 0.0376 

Bills Mean  0.0033 0.0031 0.0025 0.0011 

  Std. dev.  0.0591 0.0440 0.0367 0.0312 

Panel N - Sweden 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0780 0.4542 1.0796 1.7985 

 

Std. dev.  0.2242 0.7769 1.6724 2.3132 

Bonds Mean  0.0238 0.1254 0.2594 0.3809 

 

Std. dev.  0.1243 0.3993 0.7793 1.3297 

Bills Mean  0.0192 0.0975 0.1982 0.2934 

 

Std. dev.  0.0686 0.2483 0.4173 0.5977 

Annualized returns 

    Stocks Mean  0.0780 0.0778 0.0760 0.0710 

 

Std. dev.  0.2242 0.1003 0.0627 0.0449 

Bonds Mean  0.0238 0.0239 0.0233 0.0217 

 

Std. dev.  0.1243 0.0670 0.0512 0.0445 

Bills Mean  0.0192 0.0188 0.0182 0.0173 

  Std. dev.  0.0686 0.0443 0.0313 0.0253 
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Table 4A.2 (cont’d)  

Panel O - Switzerland 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0455 0.2428 0.5448 0.8955 

 

Std. dev.  0.1951 0.5830 0.9718 1.4888 

Bonds Mean  0.0259 0.1290 0.2633 0.3965 

 

Std. dev.  0.0777 0.2389 0.4015 0.6109 

Bills Mean  0.0081 0.0378 0.0711 0.0993 

 

Std. dev.  0.0504 0.1808 0.2901 0.4031 

Annualized returns 

    Stocks Mean  0.0455 0.0444 0.0444 0.0436 

 

Std. dev.  0.1951 0.0921 0.0584 0.0466 

Bonds Mean  0.0259 0.0246 0.0236 0.0225 

 

Std. dev.  0.0777 0.0432 0.0293 0.0226 

Bills Mean  0.0081 0.0075 0.0069 0.0063 

  Std. dev.  0.0504 0.0350 0.0247 0.0195 

Panel P - UK 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0551 0.3132 0.7541 1.3498 

 

Std. dev.  0.1970 0.4988 0.9637 1.7051 

Bonds Mean  0.0131 0.0705 0.1466 0.2104 

 

Std. dev.  0.1373 0.3910 0.7070 1.1828 

Bills Mean  0.0102 0.0508 0.0988 0.1398 

 

Std. dev.  0.0634 0.2158 0.3850 0.5209 

Annualized returns 

    Stocks Mean  0.0551 0.0560 0.0578 0.0586 

 

Std. dev.  0.1970 0.0803 0.0526 0.0425 

Bonds Mean  0.0131 0.0137 0.0138 0.0128 

 

Std. dev.  0.1373 0.0707 0.0556 0.0481 

Bills Mean  0.0102 0.0100 0.0095 0.0088 

  Std. dev.  0.0634 0.0417 0.0327 0.0263 

Panel Q - US 1 year 5 years 10 years 15 years 

Total horizon returns 

    Stocks Mean  0.0653 0.3640 0.8787 1.5657 

 

Std. dev.  0.1992 0.5522 0.9680 1.6977 

Bonds Mean  0.0192 0.0975 0.1966 0.2908 

 

Std. dev.  0.0977 0.2873 0.5430 0.8517 

Bills Mean  0.0097 0.0463 0.0892 0.1216 

 

Std. dev.  0.0468 0.1667 0.2774 0.3553 

Annualized returns 

    Stocks Mean  0.0653 0.0640 0.0651 0.0648 

 

Std. dev.  0.1992 0.0819 0.0511 0.0415 

Bonds Mean  0.0192 0.0188 0.0181 0.0172 

 

Std. dev.  0.0977 0.0513 0.0409 0.0358 

Bills Mean  0.0097 0.0091 0.0086 0.0077 

  Std. dev.  0.0468 0.0326 0.0258 0.0210 
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Table 4A.3 Shortfall risk for real bonds and stocks over various holding period 

(Based on 5000 block bootstrapped samples) 

Table 4A.3 reports the mean shortfall risk for real stock returns and real bonds returns 

over various holding periods in the seventeen countries based on 5000 bock 

bootstrapped resamples of each holding period return. The shortfall risk of a particular 

holding period is calculated as the probability of total holding periods of returns that 

fall below corresponding real bills returns in the same holding period. The shortfall 

risk for real stocks against real bills is reported in Panel A, while panel B reports the 

shortfall risk for real bonds against real bills. 

 

Panel A: Shortfall risk for real stocks against real bills

                  Investment Horizons

Country 1 year 5 years 10 years 15 years

Australia 26.78% 15.07% 7.05% 4.01%

Belgium 42.85% 42.44% 33.55% 27.01%

Canada 37.01% 26.96% 16.26% 10.22%

Denmark 45.75% 34.96% 19.09% 19.71%

France 40.09% 25.78% 11.26% 9.19%

Germany 37.61% 36.87% 29.39% 26.99%

Ireland 41.15% 27.51% 20.57% 13.44%

Italy 38.13% 35.83% 18.93% 17.10%

Japan 43.52% 27.14% 19.12% 15.63%

Netherlands 36.93% 22.73% 21.10% 18.79%

Norway 42.49% 34.49% 24.09% 21.83%

South Africa 40.51% 21.11% 11.04% 6.06%

Spain 42.16% 36.56% 24.31% 24.63%

Sweden 39.55% 21.86% 20.33% 12.76%

Switzerland 35.83% 33.67% 24.08% 19.29%

UK 34.01% 19.42% 7.12% 6.45%

US 33.38% 22.15% 13.98% 9.88%  

 

 

 

 

 

 

 

 

 



140 
 

4A.3 (cont’d) 

Panel B: Shortfall risk for real bonds against real bills

                  Investment Horizons

Country 1 year 5 years 10 years 15 years

Australia 41.83% 39.64% 41.68% 38.17%

Belgium 45.71% 54.25% 54.64% 49.37%

Canada 48.15% 45.25% 48.66% 44.35%

Denmark 49.19% 48.86% 51.32% 40.37%

France 37.94% 28.68% 20.65% 16.45%

Germany 39.16% 36.14% 30.63% 39.87%

Ireland 54.42% 48.25% 48.78% 44.28%

Italy 24.08% 24.18% 21.06% 14.71%

Japan 38.60% 37.51% 38.43% 39.18%

Netherlands 45.26% 43.21% 37.45% 37.08%

Norway 33.49% 38.24% 39.64% 40.49%

South Africa 40.03% 40.02% 44.37% 41.23%

Spain 44.42% 42.41% 40.47% 37.20%

Sweden 56.96% 57.03% 54.45% 47.22%

Switzerland 31.38% 17.10% 12.05% 6.29%

UK 54.45% 48.03% 47.49% 44.16%

US 53.05% 43.28% 46.91% 38.06%  
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Table 4A.4: Mean coefficient of variation for the three asset classes over various holding periods  

(Based on 5000 block bootstrapped samples) 

Table 4A.4 reports the mean coefficient of variation for the three asset classes over 1, 5, 10 and 15-year holding periods for both total horizon 

returns and annualised returns in the seventeen countries using 5000 block bootstrapped resamples. The coefficient of the variation for each 

investment horizon is computed as the standard deviation of the 5000 holding periods of returns divided by the mean of the continuously 

compounded returns of the 5000 bootstrapped samples for each holding period.  

 

Panel A: Mean coefficient of variation for stocks

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 2.37 1.08 0.74 0.77 2.37 0.98 0.57 0.48

Belgium 8.47 4.15 2.84 2.63 8.47 3.79 2.43 1.95

Canada 2.67 1.38 0.83 0.87 2.67 1.14 0.59 0.52

Denmark 3.99 1.60 1.00 0.99 3.99 1.32 0.73 0.62

France 6.55 3.72 2.50 2.49 6.55 3.11 1.92 1.58

Germany 10.28 5.84 5.98 5.47 10.28 4.39 2.78 2.26

Ireland 4.50 2.30 1.66 1.61 4.50 1.84 1.22 0.96

Italy 12.48 5.32 4.05 3.76 12.48 5.16 3.29 2.68

Japan 7.43 4.26 3.54 3.57 7.43 3.87 2.61 2.15

Netherlands 3.87 2.19 1.59 1.59 3.87 1.74 1.09 0.88

Norway 6.84 2.42 1.53 1.52 6.84 2.19 1.34 1.12

South Africa 3.19 1.73 1.05 1.12 3.19 1.21 0.70 0.58

Spain 6.26 4.16 2.29 2.49 6.26 3.32 1.97 1.64

Sweden 2.90 1.66 1.32 1.33 2.90 1.27 0.76 0.63

Switzerland 4.43 2.31 1.53 1.51 4.43 2.02 1.20 1.00

UK 3.43 1.48 1.14 1.10 3.43 1.35 0.84 0.69

US 3.09 1.43 0.99 1.01 3.09 1.23 0.72 0.60  
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Table 4A.4 (cont’d) 

Panel B: Mean coefficient of variation for bonds

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 9.55 5.50 4.49 3.56 9.55 5.11 4.05 3.02

Belgium -34.58 -25.59 -34.86 -55.81 -34.58 -20.46 -16.72 -12.54

Canada 5.43 3.16 2.68 2.14 5.43 3.04 2.35 1.76

Denmark 3.96 2.08 1.93 1.56 3.96 1.91 1.52 1.14

France -22.17 -17.74 -29.32 -61.42 -22.17 -15.58 -13.24 -9.97

Germany -8.07 -4.97 -5.14 -5.37 -8.07 -6.11 -4.90 -3.81

Ireland 14.08 7.13 5.74 4.45 14.08 6.88 5.30 3.98

Italy -6.40 -4.13 -4.19 -3.91 -6.40 -4.84 -3.99 -3.08

Japan -13.27 -7.95 -11.08 -18.65 -13.27 -8.40 -7.01 -5.63

Netherlands 7.48 4.32 3.55 2.75 7.48 4.10 3.24 2.42

Norway 8.27 4.56 4.17 3.24 8.27 4.54 3.54 2.70

South Africa 7.68 4.13 3.55 2.71 7.68 3.87 3.11 2.30

Spain 11.93 5.67 4.43 3.43 11.93 5.71 4.19 3.18

Sweden 5.34 3.07 2.56 2.10 5.34 2.78 2.01 1.53

Switzerland 3.25 1.85 1.36 1.13 3.25 1.76 1.14 0.91

UK 10.08 5.10 3.98 3.19 10.08 4.96 3.71 2.81

US 5.50 2.92 2.45 1.93 5.50 2.76 2.11 1.59  
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Table 4A.4 (cont’d) 

Panel C: Mean coefficient of variation for bills

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 9.51 6.95 5.77 4.23 9.51 7.12 5.96 4.41

Belgium -16.15 -11.61 -10.96 -10.33 -16.15 -11.87 -9.47 -7.21

Canada 3.03 2.14 1.77 1.37 3.03 2.10 1.66 1.24

Denmark 2.67 1.81 1.55 1.23 2.67 1.75 1.32 1.00

France -2.88 -1.83 -1.45 -1.15 -2.88 -2.24 -1.86 -1.42

Germany -19.54 -14.13 -17.56 -22.16 -19.54 -14.90 -11.98 -9.28

Ireland 10.52 6.80 5.55 4.08 10.52 6.94 5.42 4.03

Italy -2.70 -1.57 -1.25 -1.04 -2.70 -2.29 -1.87 -1.48

Japan -5.89 -3.71 -3.86 -3.85 -5.89 -4.89 -4.02 -3.25

Netherlands 7.42 5.43 4.45 3.31 7.42 5.46 4.46 3.31

Norway 7.39 4.99 4.30 3.23 7.39 5.00 3.90 2.93

South Africa 7.96 4.93 3.93 2.96 7.96 4.80 3.78 2.81

Spain 22.57 14.54 11.15 7.76 22.57 16.08 13.04 9.51

Sweden 3.67 2.45 1.83 1.49 3.67 2.31 1.56 1.23

Switzerland 7.14 4.84 3.55 2.73 7.14 4.83 3.30 2.58

UK 6.64 4.25 3.40 2.60 6.64 4.28 3.21 2.43

US 5.33 3.54 2.71 2.10 5.33 3.57 2.71 2.06  
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Table 4A.5 Mean Sharpe ratios for three asset classes over various holding periods  

(Based on 5000 block bootstrapped samples) 

Table 4A.5 reports the mean Sharpe ratios for the three asset classes over 1, 5, 10 and 15-year holding periods for both total horizon returns and 

annualised returns in the seventeen countries using 5000 block bootstrapped resamples. The Sharpe ratio is computed as an asset’s mean excess 

continuously compounded returns of 5000 block bootstrapped resamples for each holding period returns over treasury bills divided by the 

standard deviation of 5000 holding period returns. Panel A reports mean Sharpe ratios for stocks, while Panel B reports mean Sharpe ratios for 

bonds. 

Panel A: Mean Sharpe ratios for stocks

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 0.39 0.86 1.27 1.24 0.39 0.94 1.63 1.93

Belgium 0.14 0.28 0.39 0.41 0.14 0.31 0.49 0.61

Canada 0.28 0.56 0.95 0.94 0.28 0.65 1.26 1.43

Denmark 0.14 0.36 0.60 0.64 0.14 0.41 0.75 0.88

France 0.30 0.47 0.64 0.59 0.30 0.62 1.01 1.22

Germany 0.11 0.19 0.18 0.19 0.11 0.26 0.41 0.51

Ireland 0.19 0.38 0.54 0.56 0.19 0.47 0.71 0.90

Italy 0.22 0.45 0.51 0.48 0.22 0.54 0.83 1.03

Japan 0.21 0.33 0.36 0.33 0.21 0.41 0.60 0.73

Netherlands 0.23 0.41 0.56 0.57 0.23 0.50 0.81 1.00

Norway 0.11 0.31 0.51 0.52 0.11 0.34 0.56 0.67

South Africa 0.28 0.52 0.88 0.83 0.28 0.73 1.28 1.55

Spain 0.15 0.22 0.41 0.37 0.15 0.28 0.47 0.56

Sweden 0.26 0.47 0.62 0.64 0.26 0.60 1.00 1.21

Switzerland 0.19 0.37 0.57 0.58 0.19 0.42 0.70 0.85

UK 0.24 0.58 0.76 0.80 0.24 0.62 1.00 1.22

US 0.28 0.61 0.91 0.90 0.28 0.71 1.20 1.44  
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Table 4A.5 (cont’d) 

 Panel B: Mean Sharpe ratios for bonds

Country                   Total horizon returns                    Annualized returns

1 year 5 years 10 years 15 years 1 year 5 years 10 years 15 years

Australia 0.06 0.11 0.14 0.18 0.06 0.12 0.15 0.20

Belgium 0.01 0.02 0.03 0.05 0.01 0.02 0.02 0.03

Canada 0.03 0.06 0.07 0.10 0.03 0.05 0.07 0.09

Denmark 0.06 0.12 0.15 0.19 0.06 0.13 0.16 0.21

France 0.21 0.33 0.35 0.40 0.21 0.30 0.35 0.46

Germany -0.09 -0.15 -0.16 -0.16 -0.09 -0.12 -0.15 -0.20

Ireland 0.03 0.06 0.08 0.10 0.03 0.06 0.08 0.10

Italy 0.14 0.22 0.24 0.27 0.14 0.18 0.23 0.29

Japan 0.04 0.09 0.12 0.13 0.04 0.06 0.07 0.09

Netherlands 0.06 0.11 0.14 0.18 0.06 0.11 0.15 0.19

Norway 0.04 0.08 0.09 0.12 0.04 0.07 0.10 0.13

South Africa 0.06 0.11 0.13 0.17 0.06 0.11 0.14 0.19

Spain 0.06 0.13 0.16 0.21 0.06 0.13 0.18 0.23

Sweden 0.04 0.08 0.10 0.13 0.04 0.08 0.11 0.14

Switzerland 0.22 0.39 0.53 0.65 0.22 0.40 0.62 0.77

UK 0.03 0.07 0.09 0.12 0.03 0.06 0.09 0.11

US 0.09 0.18 0.22 0.29 0.09 0.19 0.25 0.32  
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Chapter 5 

Dynamic Lifecycle Strategy in DC Pension Plan 

 

5.1 Introduction 

 

Policy-makers in most developed countries are recommending funded private 

retirement plans, known as defined contribution (DC) plans, to replace the state 

pension system.
23

 The retirement benefits of plan participants under these plans 

greatly depend on the accumulation of plan contributions and investment returns 

earned. Plan participants of DC plans are expected to select an investment option from 

a set of investment choices provided by the plan sponsor. This investment decision is 

crucial because it determines the future retirement income of the participants.  

 

A substantial amount of research indicates that, although retirement participants have 

a number of investment choices, most of them accept the default option offered by 

their plan. Choi et al (2004) found that American employees tended to accept the 

default options in their retirement plans, including contribution rate and investment 

choice, and up to 80 percent of assets were invested in the default fund. A more recent 

study by Beshears et al (2009) confirms these findings. According to Bridgeland 

(2002), around 80 percent of group personal scheme members in the UK accept the 

default option, and in Australia, about two thirds of all retirement plan assets are 

invested in default options.  

 

Lifecycle funds have grown rapidly as default options in DC plans over the last 

decade. (Viceira, 2009, Basu and Drew, 2010, Poterba et al., 2007) Vanguard (2006), 

one of the largest pension fund providers in the USA, reports that two thirds of its 

plans offered lifecycle options in 2005, which was an increase from one third in 2000. 

                                                             
23

 The trend of shifting from a DB system to a DC plan is discussed in 1.1.  
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According to Fidelity (2010), assets under management in lifecycle funds grew from 

$1 billion in 1996 to $1.5 trillion in 2010 and one in five (19%) of the participants 

held 100 percent of their assets in a lifecycle fund. Blake (2007) cites the findings of 

Mercer’s 2000 survey of DC plans and shows that lifecycle funds were the most 

common default options covering 55 percent of funds in the UK.  

 

Lifecycle funds, also known as “age based funds”, offer investors a time-varying asset 

allocation mix which automatically rebalances their holdings from equity toward 

fixed income assets as they age. Since most retirement participants tend to accept the 

default option in their plan, the questions arise as to how such lifecycle funds as 

default options in DC plans are likely to perform and what the risk-return trade-off is 

between lifecycle funds and other investment strategies. The answers to these 

questions can be found by conducting a comprehensive analysis of the distribution of 

retirement wealth accumulation under each different investment strategy. The 

approach used in this study is to calculate the retirement wealth accumulation for a 

hypothetical retirement planner by using historical data over the last century. 

Furthermore, the risk and return trade-off between each investment strategy and 

performance measure is calculated.  Unlike Poterba et al. (2007) who rank wealth 

outcomes under different investment strategies using the utility function of retirement 

wealth, this study uses risk adjusted performance measures to avoid such an 

assumption of the specific form of utility function of DC pension planers. In addition, 

downside risk, which is the risk of planners falling short of reaching the target 

retirement wealth accumulation, is considered as an important criterion to select an 

appropriate investment strategy.   

 

Previous research on lifecycle investment strategies for DC pension plans mainly 

focuses on the US. (Shiller, 2006, Basu and Drew, 2009, 2011, Poterba et al., 2007 

and Viceira, 2009). However, since DC pension plans are becoming increasingly 

popular across the world, it may be interesting to look at DC plans from a global 
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perspective and determine whether lifecycle funds perform differently across different 

countries. The distribution of retirement wealth accumulation under a DC plan is 

investigated in this chapter using simulated historical returns for stocks and bonds in 

seventeen counties. A comparison is made of the return and risk trade-off between 

five investment strategies in each country. 

 

The remainder of the chapter is organised as follows. Section 2 examines the dynamic 

lifecycle strategies introduced in this study; section 3 describes the retirement 

accumulation model used in this study; section 4 presents the sample data and 

empirical analysis in this study; section 5 contains an analysis of the empirical results, 

while section 6 summarises the findings and concludes the chapter. 

 

 

5.2 Dynamic lifecycle investment strategies 

 

Conventional lifecycle funds require a high initial investment in stocks in the early 

years of the investment horizon and then a gradual switch to less volatile assets like 

bonds and bills. Moreover, the switching from stocks to fixed income assets over the 

years automatically follows a predetermined glide path designed by the plan provider. 

However, does a lifecycle fund that systematically switches from stocks to fixed 

income assets benefit retirement participants? Empirical research has generally found 

that a lifecycle investment strategy can decrease the risk of obtaining the most 

negative outcomes and also reduce the volatility of the terminal wealth outcomes. 

(For example, Ludvik, 1994 or Blake et al., 2001) On the other hand, most 

researchers argue that these benefits are derived at the cost of the significant upside 

potential of retirement wealth accumulation offered by other more aggressive 

investment strategies. For example, Sigel (1992) and Kim and Wong (1997) state that 

investing heavily in stocks is the optimal strategy for long-term investors such as 

retirement planners.  
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This research questions the conventional lifecycle funds that automatically switch 

from stocks to fixed income securities. The most common argument for a lifecycle 

investment strategy in retirement planning is the probability that stock returns will 

outperform (underperform) the increased (decreased) returns from bonds and bills 

with the length of the holding period. This argument refers to time diversification, 

which has been well discussed in the previous chapter, where it was illustrated that 

there is strong evidence of the time diversification effect on stocks; thus, long-term 

investors prefer to invest more in stocks in their portfolio compared to investors with 

shorter investment horizons. Another major argument is that younger investors have 

sufficient time to recover their losses from bear stock market downturns. However, 

older investors with only a few years to go before they retire may suffer a disaster by 

holding stocks as they approach retirement. A major decline in the stock market just 

before retirement can eliminate retirement investment gains and retirement planners 

have little time to recover the situation. However, does this imply that retirement 

investors should automatically reduce the proportion of equity investment as they 

approach retirement?   

 

Suppose a retirement participant has an investment horizon of 40 years, and following 

a conventional lifecycle strategy, he invests entirely in stocks for the first 20 years and 

then gradually switches to bonds and bills over the last 20 years. Due to a long-time 

bear market in stocks, there are several years of negative returns and the value of his 

retirement account is close to nothing after 20 years. According to the investment 

decision he made in the beginning, he will then gradually switch his retirement 

investment from stocks to bonds and bills, which have a low, but stable return. After 

40 years, the retirement participant would have a much lower balance in his 

retirement account than he expected when setting the investment strategy. In this 

example, if the stock market turns to offer very high returns during the last 20 years, 

the retirement participant would gain very little because his investment strategy was 
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automatically switched from stocks to fixed income assets. Thus, the predetermined 

lifecycle strategy was blind to the fact that, if the investor accumulated too little 

wealth in the initial years and automatically switched to fixed income assets, he 

missed the chance to recover from those bad years. However, the above example is 

undoubtedly an extreme one and only describes one possible scenario long-term 

investors may face.  

 

The problem for retirement participants enrolled in common lifecycle funds is more 

complex than that of the investor in the previous example because typical retirement 

planners make fixed contributions from their salaries, and those contributions are 

expected to grow over time with a growth in earnings. Shiller (2006) points out that 

the lifecycle strategy invests heavily in stocks when the contribution size is relatively 

small and switches to more conservative assets when earnings and contributions grow 

in later years; thus, investors may forego the opportunity to earn higher returns from 

investing a larger amount of money. This has been further demonstrated by Basu and 

Drew (2009), and is known as the size effect.  

 

A possible alternative strategy would be to switch to conservative assets a few years 

before retirement when the asset accumulation of the retirement fund meets the plan 

participant’s target and therefore needs to be preserved. On the other hand, the plan 

participant may be unwilling to switch to fixed income assets when the past 

performance of the retirement fund has been unsatisfactory. Therefore, the decision to 

switch or not to switch, and even how much to switch, during the switching period in 

the lifecycle fund will depend on the performance of the accumulated retirement 

wealth at that time.  

 

The above alternative strategy is extended in this chapter by the introduction of two 

dynamic lifecycle strategies for hypothetical retirement participants. One dynamic 

strategy is to switch from stocks to fixed income assets a few years before retirement 



151 
 

only if the retirement accumulation meets or exceed the retirement participant’s 

accumulated target at that stage in time; otherwise, to keep 100 percent in stock 

investments. This strategy can be said to be a dynamic lifecycle strategy with a target 

return, which is very similar to that introduced by Basu and Drew (2011). Under such 

a strategy, the decision to switch or not to switch, and even how much to switch, 

depends on the performance of the retirement wealth accumulated in any given 

switching period. The idea is to lock in some profit as the markets rise and invest 

more when they fall because they are expected to revert to the mean. Such a strategy 

exploits a long-run market mean reversion. Furthermore, another dynamic lifecycle 

strategy is introduced, which combines the characteristics of conventional lifecycle 

funds with the market return movements, and this can be said to be a dynamic 

lifecycle with a momentum strategy. For example, if the market tends to be a bull or 

bear market, such a strategy has downside protection as well as and upside potential 

since the switch between stocks to fixed income assets is based on the performance of 

the past stock market returns. The motivation of this study is to investigate whether or 

not such dynamic lifecycle strategies can perform better than a conventional lifecycle 

strategy, and furthermore, whether dynamic lifecycle strategies can outperform time-

invariant strategies such as buy and hold 100 percent stocks across the world.  

 

 

5.3 Model for Retirement Wealth Accumulation (RWA) 

 

In order to evaluate the distribution of retirement wealth accumulation under DC 

pension plans by different asset allocation strategies, a simple retirement 

accumulation model is adopted, which uses a stochastic stimulation of historical asset 

class returns to determine the expected wealth outcome at retirement. 

 

5.3.1 General Structure 
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A retirement wealth accumulation model is developed to determine the expected 

distribution of a retirement portfolio under a DC pension plan. The terminal value of 

the pension fund is given by: 

 
1

1 u 1

W (1 ) (1 )
T T

t t u

t t

c S r r

  

      (33) 

Where:  W = End period wealth accumulated at the time of retirement 

   c  = Plan contribution rate 

   St  
= Annual salary in year t 

   tr  = Rate of investment return earned in year t 

   T  = Number of years in the plan before retirement 

 

The amount of contributions to invest and the investment returns for each period need 

to be ascertained in order to estimate W. The amount of contributions depends on the 

annual salary and contribution rate. The annual salary for any year depends on the 

starting wage, wage growth rate and number of years that have passed since becoming 

committed to the retirement plan. If using an annual average growth rate, it can be 

given by:             

 0(1 )t

tS S g    (34) 

Where: 0S  = Starting salary of the retirement participant  

            g   = Annual wage growth rate 

 

The investment return depends on the asset class returns and the weights assigned to 

them. Since only two asset classes are examined, namely equities and bonds, the 

pension portfolio return tr  is a combination of the return on equities ( t

Er ) and the 

return on bonds ( t

Br ). If 
 
is the proportion invested in equities, the investment return 

is  
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t t(1 )E B

tr r r      (35) 

 

5.3.2 Variables 

 

The model has three variables that need to be considered by the retirement plan 

participant. 

 

1) Investment returns ( tr ): 

This is the key variable in the model and it indicates an investment strategy that 

assigns the weights of different assets in the retirement portfolio. Five potential asset 

allocation strategies will be examined in Chapter 5, including one buy-and-hold 

strategy, one constant mix strategy, one simple lifecycle strategy and two dynamic 

lifecycle strategies.  

 

2) Investment horizon (T ): 

 

The starting age is when the worker becomes a retirement participant in a DC pension 

plan and he or she starts to make contributions to the plan. It is assumed in this 

research that the plan participants join the plan at the age of 26. The retirement age is 

when the retirement planner stops making any contribution to the DC pension plan, 

and this is set at the age of 65 for the baseline case. Contributions are assumed to be 

made at the beginning of each year; thus, the investment horizon is 40 years. This is 

consistent with the standard assumptions in DC plan research (Blake et al., 2001; 

Dowd, 2005; Basu and drew, 2009; Cannon and Tonks, 2012).  Shorter investment 

horizons, such as 20 years and 30 years, will also be examined in Chapter 6 of this 

thesis.  

 

3) Plan contribution rate ( c ): 
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The contribution rate is assumed to be fixed at 10 percent of the planner’s annual 

salary. The 2008 National statistics in the UK reports that the contribution rate to DC 

pension plans is 8.8 percent of annual salary per annum (made up of 3 percent from 

members and 5.5 percent from employers). The minimum contribution rate of 

employers on behalf of employees is 9 percent according to Australia’s 

Superannuation Guarantee legislation. A more general analysis could consider the 

contributions from both plan members and employers. For the sake of simplicity, it is 

assumed that contributions are credited annually to the pension fund at the beginning 

of each year. Different contribution rates for various investment strategies will be 

analysed in Chapter 6. 

 

 

5.4 Empirical Analysis  

 

An updated version of the annual real returns for stocks and bonds over seventeen 

countries, which was originally compiled by Dimson, Marsh, Staunton (2002), is used 

to generate simulated investment returns under five different investment strategies.  

The seventeen countries include Australia, Belgium, Canada, Denmark, France, 

Germany, Ireland, Italy, Japan, The Netherlands, Norway, South Africa, Spain, 

Sweden, Switzerland, the UK and the USA. The data spans from 1900 to 2007 and all 

the returns are annual real returns with reinvested income and capital gains. Details of 

the dataset are provided in section 3.1.1. 

 

The real wage growth for each country was obtained by using Mitchell (1998)’s 

labour earnings indices from 1900 to 1993 and updating it with the Hourly Earnings 

(MEI) dataset from the OECD Main Economic Indicators. The average wage growth 

rate is about 1.6 percent for the seventeen countries over the period of 1900 to 2007, 

which is very close to the 1.5 percent every year suggested by Burtless (2003). Details 
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of the wage growth data are provided in section 3.1.3. The average wage growth rate 

for each individual country is used in this study and remains constant every year. 

 

It is assumed that plan participants join the plan at the age of 26 and retire when they 

reach the age of 65, which gives them a 40-year investment period. It is further 

assumed that the contribution rate is fixed at 10% each year and contributions are 

credited annually to the pension fund at the beginning of each year. An RWA index is 

produced to be comparable for all the sample countries rather than making an 

assumption of starting salaries in real money (see Shiller, 2006; Basu and Drew, 2011) 

for each country. The starting salary is 10, and with a 10% contribution, 1 will be 

invested into the pension fund in year one. For example, an RWA of 200 means that 

the end period wealth is 200 times bigger than the initial contribution. Thus, there is 

no currency issue for each country, since the study is only interested in the 

distribution of the RWA of various investment strategies for each country. It is also 

assumed that plan contributions and investment returns are not subject to any tax. 

Transaction costs for managing the pension fund and unemployment are ignored.  

 

5.4.1 Asset allocation strategies 

 

It is assumed that a hypothetical individual retirement planner can only invest in 

stocks and long-term bonds since treasury bills are not safe for an investor with an 

investment horizon of 40 years.
24

 Although property is an important asset class for 

long-term investors, it is not included because of the availability over such a long time 

span and seventeen countries all over the world. The following five potential asset 

allocation strategies are considered: 

 

1) 100 percent stocks strategy 

This strategy invests 100 percent in equities and holds them for the entire   

                                                             
24

 This was demonstrated in the previous chapter.  



156 
 

investment period. Thus, the investment return tr  in equation (35) in this case 

should be
t100% E

tr r  . 

 

2) 50 percent stocks and 50 percent bonds strategy (50-50 strategy)  

This strategy invests 50 percent of assets into equities and 50 percent in bonds, 

and the portfolio is rebalanced at the beginning of each year to maintain the 

proportion of assets held at a fixed 50 percent. Thus, the investment return tr  

in equation (35) in this case should be t t50% 50%E B

tr r r    . 

 

3) Simple lifecycle strategy (LC) 

This strategy invests 100 percent in stocks for thirty years and then gradually 

switches stocks to bonds at the beginning of each year, and holds 100 percent 

in bonds at the end of the holding period. Thus, the equity investment is 

reduced by 10 percent at the beginning of every year. For example, the asset 

return in year 31 by using equation (35) is 31 31 3190% 10%E Br r r    . 

 

4) Dynamic lifecycle with momentum strategy (DLCM) 

This strategy invests 100 percent in a stocks portfolio as a simple lifecycle 

strategy until the asset allocation switching period. Rather than automatically 

switching from stocks to bonds linearly per year, the asset allocation decision 

is based on the previous year’s stock return. At the beginning of each year, if 

the previous year’s stock return was more than 10 percent
25

, 100 percent 

stocks are retained. If the previous year’s stock return was less than negative 

10 percent, 100 percent bonds are held. If the stock return was between -10 

percent and 10 percent, 80 percent stocks and 20 percent bonds are held. This 

is done for the first half of the switching period, and for the remaining half, 60 

percent stocks and 40 percent bonds are held rather than 80 percent stocks and 
                                                             
25

 For the sake of simplicity, a benchmark of 10 percent is used for all the sample countries.  
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20 percent bonds. For example, if the stocks return in year 30 was 8.5 percent, 

then the investment return in year 31 by using equation (35) would be

31 31 3180% 20%E Br r r    ; if the stocks return in year 35 was -10.5 percent, 

then
36 36100% Br r  .  

 

5) Dynamic lifecycle with target accumulation strategy(DLCT) 

This strategy invests 100 percent in a stocks portfolio as a simple lifecycle 

strategy until the asset allocation switching period. Rather than automatically 

switching from stocks to bonds linearly per year, the asset allocation decision 

is based on the past performance of the retirement wealth accumulated. During 

the switching period, if the investor has accumulated wealth in excess of the 

target accumulation at the beginning of each year, the portfolio is partially 

switched to bonds; otherwise, it remains as 100 percent in stocks. If the switch 

has begun and the accumulated wealth drops below the target, the fund is 

switched back to stocks. For the first half of the switching period, if the actual 

wealth accumulated exceeds the target accumulation, the assets are switched 

into 80 percent stocks and 20 percent bonds.  The same rule applies to the 

remaining half of the switching period, but the portfolio comprises 60 percent 

stocks and 40 percent bonds instead. The target return is assumed to be the 

geometric mean of the annual real stock return for each country. For example, 

the geometric mean of the annual real stock return in the US is 6.5 percent; 

then the target accumulation in year 31 is the compounded accumulation of a 

fund in which contributions are reinvested with a 6.5 percent rate of return for 

30 years
26

. If the retirement wealth accumulation at the end of year 30 was 

greater than 110.04, the investment return in year 31 would be 

31 31 3180% 20%E Br r r     ; otherwise, 31 31100% Er r  . 

 
                                                             
26

 With 30 years investment horizon and 6.5 percent rate of real return every year, using the retirement 

wealth accumulation equation (33), should give us a target wealth accumulation of 110.04.  
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5.4.2 Simulation with moving-block bootstrap  

 

The dataset covers 108 years between 1900 and 2007 for 17 countries and captures 

both favourable and unfavourable returns on the individual asset classes over more 

than a century. However, in terms of examining the holding period returns for 40 

years, the 108-year dataset only contains two independent, non-overlapping holding 

period observations; therefore, any conclusion based on two independent or 69 

overlapping holding period returns cannot be reliable. In order to resolve this problem 

and also take the serial correlation of each asset class into consideration, the moving 

block bootstrap resampling introduced by Künsch (1989) is used. More details of this 

resampling technique are provided in section 3.2. We have also calculated the 

distribution of terminal retirement wealth using actual 40-year overlapping holding 

period of returns for comparison and the results are reported in Table 5.1.   

 

For the moving block bootstrap resampling, the 108-year annual real returns for stock 

and bonds are grouped into 99 overlapping blocks with block sizes of 10 years.
27

 Each 

block contains 10 years’ stock and bond returns, so the serial correlation and cross-

correlation are both preserved within that block. The blocks are then resampled 

randomly with replacements to obtain a 40-year investment horizon, which is 

equivalent to constructing a trajectory for stocks and bonds for each drawing. Then, 

the retirement wealth accumulation is calculated. The simulation trial is iterated 5000 

times and generates 5000 independent 40-year return paths, and the retirement wealth 

accumulation in each 40-year return path is calculated based on five different asset 

allocation strategies. Further risk measurements and performance measurements are 

based on these bootstrapped retirement wealth accumulations. Since the return 

observations for good or bad years can be repeated a number of times within a 

bootstrap sample, a large number of bootstrap samples from the historical data can 

capture a much wider range of future possibilities. 
                                                             
27

 Block sizes of 5 and 8 years were used to check the robustness of the results for a block size of 10 

years, but this was found not to change the overall results. 
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5.4.3 Risk and performance measures for various investment strategies  

 

Shortfall risk 

 

By comparing the n-th percentile of one strategy with the n-th percentile of another, 

the good scenarios under one strategy are compared with the good scenarios under 

another and the bad outcomes are also compared. Therefore, this comparison may not 

be helpful for any particular future asset return pass. For example, if stock returns turn 

to be poorer than the returns on other assets, a 100 percent stock strategy would give 

worse returns compared to a balanced strategy no matter how attractive the wealth 

distribution of the 100 percent  stock strategy. From the investors’ point of view, they 

may be interested in the probability that the outcome from one strategy may fall 

below another strategy. The probability of a shortfall is also computed in these 

simulation trials. This is also known as a shortfall risk that represents the chance of 

the two dynamic strategies ending with less wealth accumulation than the other 

strategies.  

   

It should be recalled that the asset return pass over the 40-year investment horizon is 

unique for each trial in the simulation experiment and each of these 5000 trials 

represents a possible future outcome. In order to compare the shortfall risk under the 

two dynamic lifecycle strategies relative to the three other alternative investment 

strategies, the probability that the shortfall of the retirement wealth accumulated in the 

two dynamic lifecycle strategies will fall below that of the other strategies is 

calculated, as well as the average size of such a shortfall. These shortfall measures 

provide an important view of the downside risk of one investment strategy compared 

to the others for the hypothetical investor.  

 

Value at risk (VaR) 
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To evaluate the extreme worse retirement wealth outcomes of each asset allocation 

strategies, VaR and Conditional VaR (CVaR) are used to measure the left tail risk.
28

 In 

financial mathematics and financial risk management, Value at Risk (VaR) is a 

widely-used measure of the risk of loss on a specific portfolio of financial assets. In 

its most general form, the VaR measures the potential loss in value of a risky asset or 

portfolio over a defined period for a given confidence interval. For example, if the 

VaR on an asset is $10 million at a 95% confidence level for a one-week time period, 

there is only a 5% chance that the value of the asset will fall below $10 million over 

any given week. This is often known as historical VaR or non-parametric VaR.  

 

Conditional Value at Risk (CVaR), also known as “Expected Shortfall” and “Expected 

Tail Loss”, is an extension of Value at Risk (VaR). The VaR model enables investors 

to limit the likelihood of incurring losses caused by certain types of risk, but not all 

risks. The problem with relying solely on the VaR model is that the scope of risk 

assessed is limited, since the tail end of the distribution of loss is not typically 

assessed. Therefore, if losses are incurred, they will be substantial in value. 

Mathematically speaking, CVaR is derived by taking a weighted average between the 

value at risk and losses exceeding the value at risk. In this study, CVaR is the average 

size of the retirement accumulation that falls below VaR. For instance, VaR at a 95% 

confidence level means that there is a 5% probability that the retirement wealth 

accumulation (RWA) will fall below the VaR estimate. Conditional to the RWA falling 

below VaR i.e. for the worst 5% of RWA, the expected value is given by CVaR. 

 

Performance measures 

 

Two performance measures are used to evaluate the retirement outcomes under the 

five possible investment strategies. The Information ratio is a measure of the risk-

                                                             
28

 Details of VaR and CvaR are discussed in section 2.6.  
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adjusted return of a financial asset or portfolio. This is also known as an Appraisal 

ratio and is defined as the expected active return divided by the tracking error, where 

the active return is the difference between the return of the asset or portfolio and the 

return of a selected benchmark, and the tracking error is  the standard deviation of the 

active return.
29

 The benchmark or target return in this study is the mean RWA under a 

50-50 strategy. The information ratio measures the overall performance of the 

investment strategy compared to the target outcome.  

 

In addition, the Sortino ratio is also used to measure the risk-adjusted return of 

investments or portfolios. Unlike the Sharpe ratio, the Sortino ratio uses downside-

volatility (sometimes referred to as semi-volatility) as the denominator rather than 

standard deviation.
30

 The use of downside-volatility enables the Sortino ratio to 

measure the return of “negative” volatility. The Sortino ratio differentiates between 

positive and negative volatility by replacing the standard deviation with downside-

volatility, i.e. the volatility of returns below a minimal acceptable return (MAR) or 

target return. The distribution of returns is analysed below this MAR. The 

denominator of the Sortino ratio is calculated only with data from periods where the 

performance was below the set MAR. For consistency, the MAR is set to be the mean 

RWA under a 50-50 strategy. 

 

 

5.5 Simulation Results 

 

The RWA outcome of all five possible investment strategies for seventeen countries 

was simulated, based on the retirement wealth accumulation (RWA) model described 

in the previous section. 5000 simulated outcomes were conducted for each investment 

strategy of each country using a moving-block bootstrap resampling method. These 
                                                             
29

 The formula for information ratio is provided in equation 22. 
30

 The formula for Sortino ratio is provided in equation 20.  

 



162 
 

simulated returns were applied to the hypothetical participant’s retirement account to 

produce a range of 5000 RWA outcomes under every investment strategy at the end of 

the 40-year investment period.  

 

The salary of the hypothetical retirement participant is assumed to be 10 with 10 

percent contribution at the beginning of each year; thus, 1 will be invested into the 

retirement account at the beginning of the first year. Then, it is invested under each 

different investment strategy with each individual county’s average wage growth rate. 

For instance,  the end period of wealth for year two is first year’s contribution, which 

is 1 times the first year’s investment return plus the second year’s contribution 1.015 

(with 1.5%  wage growth in year one) times the second year’s investment return. This 

is done for forty years to obtain the retirement wealth accumulation at the end of the 

40-year horizon.  

 

Five different strategies for the retirement participant’s account are simulated, namely, 

1) 100 percent stocks strategy; 2) 50 percent stocks and 50 percent bonds strategy; 3) 

Simple lifecycle strategy; 4) Dynamic lifecycle with momentum strategy (DLCM); 5) 

Dynamic lifecycle with target accumulation (DLCT).  

 

5.5.1 Distribution of terminal retirement wealth    

 

The distribution of RWA for each investment strategy provides a range of wealth 

outcomes that the retirement participant may expect at the time of retirement. In 

addition to the mean and medium of RWA, the 25
th

 percentile and 75
th

 percentile of 

the distribution of every investment strategy are also estimated. For each investment 

strategy, a higher value would generally make a particular strategy more attractive. 

The results indicate that RWA varies significantly across different countries and 

investment strategies. The estimates of the retirement wealth accumulated under each 

investment strategy for each country using 5000 block bootstrapped resamples are 
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shown in Table 5.2. Since the study is more interested in the variability of the 

distribution and performance of each investment strategy in each country, the 

comparison of one strategy across different countries is less important. The mean, 

medium, first and third quartiles of RWA for the 100 percent stocks strategy are found 

to outperform the 50 percent stocks and 50 percent bonds strategy and the simple 

lifecycle strategy in all sample countries. More interestingly, the two dynamic 

lifecycle strategies perform better in all countries compared to the simple dynamic 

lifecycle strategy and 50-50 strategy, which indicate dramatic improvements on the 

traditional lifecycle strategy. However, the results are mixed when compared to the 

100% stocks strategy. Only for countries like Canada, Denmark, Italy, Japan, the 

Netherlands and Sweden have the dynamic lifecycle strategies slightly better results 

than the 100 percent stocks strategy. As for the two dynamic strategies, DLCM has 

better mean and the third quartile than DLCT for most countries, which indicates it 

has better upside potential. On the other hand, DLCT has better 25
th

 percentile than 

DLCM for most countries, which indicates it has better downside protection.    

 

For comparison, we have also calculated the results using actual overlapping 40-year 

returns data and the results are shown in Table 5.1. We can see that results from the 

two tables are very similar. Two dynamic strategies outperform the simple lifecycle 

strategy and 50-50 strategy in all sample countries. The 100 percent stocks strategy is 

the best investment strategy in majority of the sample countries. Comparing the two 

tables, we can see that Table 5.2 shows more variability than Table 5.1; simply 

because Table 5.2 uses 5000 block bootstrapped resamples that produce a greater 

number of possible future scenarios than the overlapping holding period returns. 

 

5.5.2 Measure of Downside Risk 

 

Table 5.3 illustrates the shortfall risk of the two dynamic lifecycle strategies compared 

with the other three strategies. The shortfall probability in this table measures the 
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probability that the wealth outcomes under each dynamic strategy will fall short of the 

other three corresponding strategies; in another words, it measures the chance of the 

underperformance of the dynamic lifecycle strategies.  

 

In terms of the probability of a shortfall, the wealth outcomes of the dynamic lifecycle 

strategies perform better than simple lifecycle strategy and 50-50 strategy in most of 

the seventeen countries and the only exception is Belgium who has better 50-50 

strategy. For example, in the UK, there is a 19 percent probability that the DLCM 

would fall below LC and only 12 percent for the 50-50 strategy. However, dynamic 

lifecycle strategies underperform the 100 percent stocks strategy in most of the 

sample countries. Only for countries like Japan and the Netherlands have better 

dynamic lifecycle strategies. As for the two dynamic lifecycle strategies, DLCM 

performs better than DLCT in Australia, Canada, Denmark, Italy, Norway and Spain. 

There are very similar results between the two dynamic strategies in countries like 

France, the Netherlands and Switzerland. In contrast, DLCT performs better than 

DLCM in Japan, South Africa and the USA. In terms of average shortfall, the results 

are also mixed; countries like Belgium, Denmark, France, Ireland, South Africa and 

the USA have better outcomes under DLCT.  

                                                 

As previously discussed, individual retirement participants may care more about the 

most adverse outcomes that occur when using a given strategy. One simple rule could 

be to choose a strategy that maximises the worst n percentile outcomes. Table 5.4 

illustrates the VaR and CVaR at confidence levels of 99%, 95% and 90% for all five 

investment strategies; two dynamic strategies have better downside protection than 

the simple lifecycle strategy in all of our sample countries. The 100 percent stocks 

strategy is surprisingly the best strategy for downside protection and the only 

exceptions are Norway, Spain and Switzerland who have better 50-50 strategy.  

Therefore, it is reasonable to suggest that investors in most of our sample countries 

should invest in a 100 percent stocks retirement fund. In contrast, investors in 
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Norway, Spain and Switzerland should hold a 50 percent stocks and 50 percent bonds 

retirement fund if the retirement plan investor is very risk-averse and concerned about 

improving the floor level of possible wealth outcomes with more protection to 

downside risk.  

 

5.5.3 Performance measures 

 

While the retirement wealth outcomes and risks associated with each investment 

strategy can be assessed by the parameters of RWA distribution and various downside 

risk measures, performance measures are essential to rank the strategies based on 

overall risk-reward profile, and these are widely-used in the investment industry. This 

study computes the estimates for Information ratio (IR) and Sortino ratio (SR), 

performance measures that are adjusted for the overall portfolio risk in the former, 

and the downside risk in the latter. The target benchmark return for the two 

performance ratios is an average return under 50-50 strategy; therefore, how the two 

dynamic lifecycle strategies, the simple lifecycle strategy and 100 percent stocks 

strategy perform compared to 50-50 strategy is investigated, and the results for the IR 

and SR are reported in Table 5.5. To sum up, the simple lifecycle strategy is the worst 

strategy out of three alternative strategies. The IR and SR are generally found to be 

bigger for the 100 percent stocks strategy; the exceptions are Canada, Denmark, Italy, 

Japan, the Netherlands, Spain, Sweden and Switzerland, which have either a better 

DLCM or DLCT. The rankings based on the IR and SR vary significantly in our 

sample countries. For instance, in Australia, the best strategy based on IR is the 100 

percent stocks strategy followed by the DLCT strategy; whereas the 100 percent 

stocks strategy is the best strategy based on SR, followed by the DLCM strategy. The 

performance based on the information ratio has a better outcome under a DLCT 

strategy than a DLCM strategy in countries like Australia, Canada, Japan, South 

Africa and the USA. In contrast, the performance based on SR has better results under 

a DLCM strategy than a DLCT strategy for majority of our sample countries since it 
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has more upside potential than DLCT; and the only exception is South Africa. These 

results suggest that retirement participants should invest in 100 percent stocks in most 

cases; whereas, investors in countries like Canada, Denmark, Italy, Japan, the 

Netherlands, Spain, Sweden and Switzerland could consider a dynamic lifecycle 

strategy.  

 

 

5.6 Conclusion 

 

The retirement wealth accumulated by hypothetical retirement participants under five 

different investment strategies in seventeen countries have been calculated in this 

chapter. The retirement wealth accumulations were calculated by historical simulation 

using historical data over the last century. The evidence presented in this chapter has 

shown the weaknesses of the conventional lifecycle investment for retirement plan 

members. While switching from risky assets like stocks to fixed income assets as plan 

members near their retirement date is sensible investment advice, traditional lifecycle 

funds, which automatically switch from growth to conservative assets following an 

age-based rule, is far from optimal for retirement plan members.  

 

The dynamic lifecycle strategy first introduced by Basu and Drew (2011) provides 

some suggestions for the improvement of such lifecycle funds. Under their dynamic 

lifecycle strategy, the switching of assets at any stage is based on wealth accumulated 

at that stage relative to investors’ retirement target. A similar dynamic lifecycle 

strategy called DLCT was considered in this study, and an alternatively dynamic 

lifecycle strategy, the DLCM, was also introduced, which considers past stock returns 

before switching at the beginning of each year.  

 

The distributions of retirement wealth accumulation show that RWA for the 100 

percent stocks strategy outperform that of the 50 percent stocks and 50 percent bonds 
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strategy and simple lifecycle strategy in all sample countries. This is in consistent 

with the results in the previous chapter. More interestingly, the two dynamic lifecycle 

strategies perform better in all countries compared to the simple dynamic lifecycle 

strategy and 50-50 strategy, which indicate dramatic improvements on the traditional 

lifecycle strategy. However, the results are mixed when compared to the 100 percent 

stocks strategy. Only for countries like Canada, Denmark, Italy, Japan, the 

Netherlands and Sweden have the dynamic lifecycle strategies slightly better results 

than the 100 percent stocks strategy. As for the two dynamic strategies, the DLCM 

strategy has better mean and the third quartile than the DLCT strategy for most 

countries, which indicates it has better upside potential. On the other hand, DLCT has 

better 25
th

 percentile than DLCM for most countries, which indicates it has better 

downside protection.    

 

When comparing the shortfall risk of the two dynamic lifecycle strategies with the 

other three corresponding alternative strategies, the results show that the wealth 

outcomes of the dynamic lifecycle strategies perform better than simple lifecycle 

strategy and 50-50 strategy in most of the seventeen countries and the only exception 

is Belgium who has better 50-50 strategy. However, dynamic lifecycle strategies 

underperform the 100 percent stocks strategy in most of the sample countries. Only 

for countries like Japan and the Netherlands have better dynamic lifecycle strategies. 

In terms of average shortfall, the results are mixed; countries like Belgium, Denmark, 

France, Ireland, South Africa and the USA have better outcomes under DLCT. 

 

Individual retirement participants who care more about the most adverse outcomes 

that occur for a given strategy may choose the strategy that maximises the worst n-th 

percentile outcomes. The results of VaR and CVaR indicate that two dynamic 

strategies have better downside protection than the simple lifecycle strategy in all of 

our sample countries. The 100 percent stocks strategy is the best strategy for 

downside protection in majority of the sample countries and the only exceptions are 
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Norway, Spain and Switzerland who have better 50-50 strategy.   

 

Individual retirement participants who prefer to rank strategies based on the overall 

risk-reward profile of each investment strategy could look at the performance ratios of 

each alternative strategy. The Information ratio (IR) and Sortino ratio (SR) have been 

calculated and adjusted for the overall portfolio risk in the former and the downside 

risk for the latter. The IR and SR are generally found to be bigger for the 100 percent 

stocks strategy and the simple lifecycle strategy is the worst strategy out of three 

alternative strategies. These results suggest that retirement participants should invest 

in 100 percent stocks in most cases; whereas, investors in countries like Canada, 

Denmark, Italy, Japan, the Netherlands, Spain, Sweden and Switzerland could 

consider a dynamic lifecycle strategy.  

 

Overall, it appears that dynamic lifecycle strategies that are responsive to the past 

performance of stock returns or the portfolio are an improvement on the conventional 

lifecycle strategy currently most commonly used. While it is not suggested that the 

dynamic strategies proposed in this chapter are the optimal strategies for all retirement 

planners as 100 percent stocks strategy is still the best strategy in most of the sample 

countries, it is believed that these results can provide some useful recommendations 

for the redesign of lifecycle funds in the future. 
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Table 5.1 Distribution of RWA for five investment strategies 

(Based on overlapping holding periods of returns) 

Table 5.1 reports the distribution of RWA for five investment strategies in the 

seventeen sampled countries using 40-year overlapping holding period of returns. The 

RWA is calculated using equation (33). The mean, medium, 25
th

 percentile and 75
th

 

percentile of the RWA distribution of every investment strategy are calculated. 

DLCM, DLCT, LC and 50-50 denote dynamic lifecycle with momentum strategy, 

dynamic lifecycle with target accumulation strategy, simple lifecycle strategy and 50 

percent stocks and 50 percent bonds strategy respectively.  

 

 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Australia 

      Mean 245.91 254.53 206.99 264.05 144.70 

  Median 212.06 222.78 185.06 237.91 126.83 

25th Percentile 162.72 170.46 154.09 175.76 93.79 

75th Percentile  268.25 313.36 213.96 327.97 184.36 

Belgium 

      Mean 69.96 60.02 52.95 83.20 63.11 

  Median 45.85 43.02 38.06 59.36 40.04 

25th Percentile 29.09 31.18 21.25 41.78 32.33 

75th Percentile  63.38 75.77 61.30 103.91 84.50 

Canada 

      Mean 199.07 196.73 176.57 187.25 167.35 

  Median 155.08 156.08 120.51 153.65 116.52 

25th Percentile 119.86 123.97 112.16 123.49 95.20 

75th Percentile  253.96 276.32 261.49 236.26 223.04 

Denmark 

      Mean 199.07 196.73 176.57 187.25 167.35 

  Median 155.08 156.08 120.51 153.65 116.52 

25th Percentile 119.86 123.97 112.16 123.49 95.20 

75th Percentile  253.96 276.32 261.49 236.26 223.04 

France 

      Mean 198.65 179.16 159.10 177.70 147.74 

  Median 100.62 116.62 104.62 121.20 81.17 

25th Percentile 73.14 74.02 55.25 92.06 65.77 

75th Percentile  196.19 246.90 208.42 234.68 229.23 
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Table 5.1 (cont’d) 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Germany 

      Mean 222.93 204.62 183.44 221.02 125.61 

  Median 225.82 232.96 219.38 215.50 115.24 

25th Percentile 70.77 78.69 60.36 124.74 87.15 

75th Percentile  344.85 269.73 258.93 291.22 171.75 

Ireland 

      Mean 183.37 186.71 157.20 202.72 130.78 

  Median 129.72 137.38 95.19 144.49 86.71 

25th Percentile 89.64 89.00 69.41 99.05 74.27 

75th Percentile  218.06 282.06 255.69 251.58 163.80 

Italy 

      Mean 120.30 87.77 75.71 103.09 72.46 

  Median 98.62 91.12 67.16 98.48 64.06 

25th Percentile 65.69 46.85 36.77 59.51 40.63 

75th Percentile  171.87 122.52 113.47 137.07 85.63 

Japan 

      Mean 831.30 763.79 695.12 578.70 322.90 

  Median 783.53 711.83 754.25 479.18 339.40 

25th Percentile 367.78 365.50 269.14 266.34 270.95 

75th Percentile  1253.21 1087.90 1093.34 766.98 397.63 

Netherlands 

      Mean 450.34 407.35 336.56 368.30 224.77 

  Median 306.17 316.28 236.79 321.35 189.77 

25th Percentile 209.23 229.70 170.26 179.19 142.79 

75th Percentile  425.54 438.90 332.87 417.67 260.55 

Norway 

      Mean 126.54 127.67 109.03 134.88 116.17 

  Median 107.92 112.37 91.68 116.01 103.46 

25th Percentile 68.82 71.00 55.96 81.32 68.70 

75th Percentile  143.30 128.80 121.16 145.04 125.40 

South Africa 

      Mean 214.37 239.53 190.48 264.88 119.45 

  Median 205.77 236.18 184.86 257.91 109.03 

25th Percentile 176.34 198.26 122.75 221.21 91.77 

75th Percentile  241.75 284.74 255.23 309.14 137.14 

Spain 

      Mean 151.13 129.75 107.92 139.81 106.71 

  Median 105.47 97.45 77.09 108.99 88.44 

25th Percentile 81.62 72.54 58.68 76.28 72.17 

75th Percentile  143.56 150.86 104.64 161.93 107.24 
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Table 5.1 (cont’d) 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Sweden 

      Mean 368.24 344.70 270.02 314.47 182.70 

  Median 227.70 239.48 177.69 222.80 145.56 

25th Percentile 163.60 174.24 118.69 170.42 119.36 

75th Percentile  309.10 425.71 298.14 379.07 172.84 

Switzerland 

      Mean 187.85 189.77 160.55 192.16 137.50 

  Median 167.64 179.83 149.59 172.34 129.37 

25th Percentile 110.74 140.95 108.39 127.47 112.39 

75th Percentile  267.21 238.16 201.35 243.07 153.07 

UK 

      Mean 214.50 208.67 178.88 223.75 130.98 

  Median 166.78 197.85 150.87 220.30 111.71 

25th Percentile 140.14 151.73 109.36 150.71 100.66 

75th Percentile  291.64 252.30 226.54 290.07 146.54 

US 

      Mean 219.47 238.95 194.10 255.45 141.06 

  Median 206.16 221.57 180.41 216.51 135.27 

25th Percentile 175.74 189.65 131.02 179.93 114.45 

75th Percentile  267.41 292.94 259.18 347.50 165.40 
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Table 5.2 Distribution of RWA for five investment strategies 

(Based on 5000 block bootstrapped samples) 

Table 5.2 reports the distribution of RWA from 5000 block bootstrapped resamples for 

five investment strategies in the seventeen sampled countries. The RWA is calculated 

using equation (33). A total of 5000 simulated return series for every asset allocation 

strategy under consideration generated different investment return paths over 40-year 

periods in each country. The mean, medium, 25
th

 percentile and 75
th

 percentile of the 

RWA distribution of every investment strategy are calculated. DLCM, DLCT, LC and 

50-50 denote dynamic lifecycle with momentum strategy, dynamic lifecycle with 

target accumulation strategy, simple lifecycle strategy and 50 percent stocks and 50 

percent bonds strategy respectively.  

 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Australia 

      Mean 350.03 333.35 281.75 351.37 181.37 

  Median 288.61 295.31 228.93 302.57 151.87 

25th Percentile 171.88 191.31 137.36 195.93 97.96 

75th Percentile  454.82 416.98 369.65 450.99 231.17 

Belgium 

      Mean 68.98 63.63 58.18 88.51 60.82 

  Median 43.05 43.45 37.02 57.71 44.44 

25th Percentile 20.44 20.51 18.15 30.44 24.74 

75th Percentile  88.24 80.43 73.07 111.70 80.23 

Canada 

      Mean 282.63 239.00 210.90 253.14 153.43 

  Median 216.46 211.22 173.63 213.33 137.34 

25th Percentile 145.47 145.34 114.67 149.59 99.48 

75th Percentile  340.79 290.52 265.04 310.16 190.73 

Denmark 

      Mean 232.53 216.39 201.94 207.27 177.24 

  Median 192.25 181.84 162.44 176.38 147.61 

25th Percentile 128.92 122.27 110.62 125.68 103.52 

75th Percentile  286.65 267.56 249.01 251.67 216.67 

France 

      Mean 244.04 231.91 210.20 231.93 150.80 

  Median 143.44 146.27 123.56 144.77 108.91 

25th Percentile 68.26 70.33 58.28 79.94 62.46 

75th Percentile  293.40 274.95 251.21 268.56 189.86 

Germany 

      Mean 357.15 320.33 285.88 355.83 139.95 

  Median 100.77 114.11 95.07 116.23 90.38 

25th Percentile 33.79 45.27 37.88 58.89 44.86 

75th Percentile  258.84 238.76 221.14 241.70 168.52 
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Table 5.2 (cont’d) 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Ireland 

      Mean 218.11 212.95 189.04 229.64 144.66 

  Median 143.90 143.83 122.49 154.14 106.81 

25th Percentile 75.81 77.24 66.48 87.03 65.13 

75th Percentile  274.36 263.59 236.90 283.72 183.27 

Italy 

      Mean 211.71 152.79 135.17 173.21 100.91 

  Median 106.16 90.97 74.87 97.05 73.55 

25th Percentile 40.84 35.63 30.71 48.47 39.05 

75th Percentile  248.20 175.14 160.83 194.08 134.57 

Japan 

      Mean 1227.33 1008.87 864.97 803.85 388.05 

  Median 543.12 547.41 501.62 416.11 333.24 

25th Percentile 224.00 247.52 229.95 228.11 205.94 

75th Percentile  1239.50 1117.39 989.28 818.45 507.48 

Netherlands 

      Mean 500.16 454.64 393.98 403.54 232.15 

  Median 323.75 321.65 269.72 271.38 196.36 

25th Percentile 178.72 182.72 159.37 162.84 136.91 

75th Percentile  614.66 549.83 481.99 492.66 290.53 

Norway 

      Mean 162.40 151.29 139.82 157.67 131.50 

  Median 121.71 120.48 104.64 124.62 105.15 

25th Percentile 69.08 63.98 59.39 74.00 66.94 

75th Percentile  209.58 201.09 181.12 205.87 168.19 

South Africa 

      Mean 268.72 266.06 216.66 311.36 141.88 

  Median 180.76 210.67 155.17 223.84 116.19 

25th Percentile 104.66 122.63 95.07 135.25 79.94 

75th Percentile  334.72 323.08 269.69 384.41 172.96 

Spain 

      Mean 240.36 212.21 190.93 215.09 139.66 

  Median 150.31 147.57 123.38 147.03 111.65 

25th Percentile 75.42 73.99 66.29 81.62 73.37 

75th Percentile  299.31 262.86 235.72 269.32 173.92 

Sweden 

      Mean 586.08 533.34 448.40 535.90 248.26 

  Median 374.04 363.39 292.88 332.20 199.03 

25th Percentile 212.43 200.46 165.44 191.24 131.11 

75th Percentile  689.72 622.68 531.36 603.20 306.88 
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Table 5.2 (cont’d) 

Country        Asset Allocation Strategy   

 
DLCM DLCT LC 100% Stock 50-50 

Switzerland 

      Mean 231.47 213.53 195.14 213.48 149.40 

  Median 163.09 171.23 147.45 159.79 133.90 

25th Percentile 95.40 93.90 90.47 99.26 97.04 

75th Percentile  284.42 263.22 239.16 263.52 181.05 

UK 

      Mean 241.60 225.67 199.78 243.33 143.93 

  Median 179.99 181.14 150.24 188.94 119.56 

25th Percentile 103.12 106.61 86.52 115.30 78.30 

75th Percentile  312.48 283.20 260.18 308.37 182.24 

US 

      Mean 289.08 272.68 235.12 291.14 159.08 

  Median 211.16 232.10 186.02 229.86 141.39 

25th Percentile 123.80 144.58 113.15 143.12 100.82 

75th Percentile  365.50 340.37 302.50 367.43 198.09 
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Table 5.3 Shortfall measures of two dynamic lifecycle strategies relative to the 

other three strategies (Based on 5000 block bootstrapped samples) 

Table 5.3 reports the shortfall risk of the two dynamic lifecycle strategies compared 

with the other three strategies. The shortfall probability in this table measures the 

probability that the wealth outcomes under each dynamic strategy will fall short of the 

other three corresponding strategies using 5000 block bootstrapped return series; and 

the average shortfall measures the average size of such a shortfall.  

 

Country Shortfall Probability Average Shortfall 

  DLCM DLCT DLCM DLCT 

Australia 

    LC 16% 19% 50.79  36.14  

100% Stock 67% 72% 38.63  38.65  

50-50 4% 2% 24.57  29.94  

Belgium 

    LC 34% 29% 12.94  9.78  

100% Stock 83% 98% 28.40  25.83  

50-50 56% 57% 13.47  11.27  

Canada 

    LC 20% 29% 25.08  26.17  

100% Stock 47% 72% 48.66  32.35  

50-50 9% 11% 23.04  23.45  

Denmark 

    LC 27% 31% 31.20  24.00  

100% Stock 39% 51% 16.76  10.92  

50-50 18% 21% 25.37  21.16  

France 

    LC 34% 31% 49.63  31.20  

100% Stock 58% 64% 43.08  28.63  

50-50 29% 23% 18.04  16.48  

Germany 

    LC 38% 35% 79.05  45.44  

100% Stock 69% 74% 67.46  78.22  

50-50 44% 33% 25.39  20.76  

Ireland 

    LC 27% 18% 42.62  24.27  

100% Stock 68% 80% 30.26  28.59  

50-50 24% 18% 19.18  11.54  

Italy 

    LC 22% 32% 12.59  25.20  

100% Stock 44% 75% 36.66  36.96  

50-50 28% 38% 11.23  16.56  
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Table 5.3 (cont’d) 

Country Shortfall Probability Average Shortfall 

  DLCM DLCT DLCM DLCT 

Japan 

    LC 44% 31% 134.40  141.03  

100% Stock 33% 29% 129.31  138.01  

50-50 25% 21% 57.23  54.60  

Netherlands 

    LC 28% 29% 49.10  67.89  

100% Stock 38% 30% 43.74  29.70  

50-50 14% 15% 28.18  32.47  

Norway 

    LC 25% 36% 34.22  22.93  

100% Stock 58% 73% 24.02  18.00  

50-50 35% 40% 22.75  22.95  

South Africa 

    LC 31% 15% 49.39  31.29  

100% Stock 89% 91% 52.65  52.48  

50-50 16% 7% 20.43  15.43  

Spain 

    LC 24% 35% 29.91  23.88  

100% Stock 52% 66% 28.04  23.89  

50-50 28% 29% 18.16  16.45  

Sweden 

    LC 16% 23% 113.84  91.64  

100% Stock 50% 41% 128.02  102.86  

50-50 8% 11% 32.82  38.06  

Switzerland 

    LC 40% 38% 24.30  23.36  

100% Stock 49% 59% 30.62  22.64  

50-50 30% 29% 21.16  19.35  

UK 

    LC 19% 16% 13.90  31.71  

100% Stock 66% 81% 36.98  28.61  

50-50 12% 10% 12.04  12.44  

US 

    LC 33% 23% 37.55  29.17  

100% Stock 69% 70% 66.55  41.06  

50-50 18% 11% 20.28  18.44  
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Table 5.4 VaR and CVaR estimates for RWA distribution  

(Based on 5000 block bootstrapped samples) 

Table 5.4 reports the tail risk estimates measured by VaR and CVaR for the RWA 

distribution from 5000 block bootstrapped resamples using different asset allocation 

strategies. The VaR and CVaR for RWA outcomes are estimated at 99%, 95% and 

90% confidence levels. For the 90% confidence level, there is a 10% probability of 

the RWA falling below the VaR estimate. Conditional to the RWA falling below VAR, 

the expected value is given by CVaR. 

 

Country VaR at various confidence levels CVaR at various confidence levels  

 

99% 95% 90% 99% 95% 90% 

Australia 

      DLCT 53.48  89.50  121.26  38.97  65.79  85.52  

DLCM 46.13  78.13  107.21  35.01  58.67  76.41  

LC 37.06  61.89  82.98  28.13  45.94  59.39  

100% Stock 62.13  96.75  127.05  48.88  74.60  93.60  

50-50 37.26  53.18  66.37  32.40  43.37  51.57  

Belgium 

      DLCT 4.47  8.26  11.15  67.35  66.69  67.13  

DLCM 4.01  7.94  11.49  83.16  70.99  70.88  

LC 3.64  7.14  10.32  62.18  61.86  60.77  

100% Stock 9.03  14.38  18.54  94.38  93.04  93.09  

50-50 6.93  11.76  15.49  65.57  63.48  64.92  

Canada 

      DLCT 55.68  81.18  101.23  47.96  66.02  78.79  

DLCM 55.65  81.52  101.99  48.01  65.35  78.66  

LC 43.05  63.65  79.79  36.25  50.45  61.22  

100% Stock 65.51  89.70  108.93  57.22  74.98  87.46  

50-50 44.03  61.65  74.10  39.06  50.75  59.53  

Denmark 

      DLCT 56.40  74.10  88.28  49.72  62.84  72.23  

DLCM 56.67  78.29  93.82  51.11  65.34  75.82  

LC 50.69  67.59  80.65  45.54  57.32  65.94  

100% Stock 65.66  82.16  94.80  59.61  71.50  80.08  

50-50 55.85  69.51  79.10  50.61  61.64  68.11  

France 

      DLCT 12.68  26.70  37.55  204.50  224.10  218.78  

DLCM 7.77  20.34  33.31  194.32  221.17  227.49  

LC 8.68  19.48  28.80  186.29  204.79  196.64  

100% Stock 23.54  38.23  49.96  205.11  219.09  218.40  

50-50 16.10  25.98  36.62  142.24  150.75  149.20  
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Table 5.4 (cont’d) 

Country VaR at various confidence levels CVaR at various confidence levels  

 

99% 95% 90% 99% 95% 90% 

Germany 

      DLCT 4.46  12.88  20.31  2.81  7.85  12.22  

DLCM 1.53  4.50  8.61  0.98  2.62  4.54  

LC 2.74  7.24  12.78  1.67  4.42  7.13  

100% Stock 11.12  22.86  32.07  7.61  15.65  21.71  

50-50 7.76  15.39  22.69  5.43  10.69  14.98  

Ireland 

      DLCT 20.01  33.48  46.18  235.88  230.17  217.94  

DLCM 17.54  31.75  44.59  243.76  234.18  223.97  

LC 16.66  28.40  39.19  210.37  206.28  193.24  

100% Stock 29.25  43.90  56.17  249.63  244.74  234.93  

50-50 23.52  35.25  44.24  166.02  154.59  145.15  

Italy 

      DLCT 5.60  11.08  16.39  4.24  7.77  10.81  

DLCM 3.23  9.05  15.24  2.29  5.57  8.82  

LC 3.38  8.40  13.16  2.47  5.31  8.03  

100% Stock 12.26  20.83  27.76  10.05  15.41  19.89  

50-50 8.73  15.03  21.06  6.92  11.14  14.64  

Japan 

      DLCT 5.78  18.94  57.26  3.18  10.12  22.39  

DLCM 2.81  9.90  35.25  1.53  5.17  12.26  

LC 2.49  8.29  31.62  1.43  4.48  10.49  

100% Stock 11.39  64.27  119.21  9.68  31.30  62.88  

50-50 11.01  43.19  108.35  9.32  21.07  49.76  

Netherlands 

      DLCT 54.38  81.37  107.45  45.50  64.52  79.87  

DLCM 52.74  81.40  108.96  43.83  63.33  79.49  

LC 55.06  79.47  101.79  47.33  64.11  78.21  

100% Stock 68.07  93.09  111.47  60.73  77.36  89.93  

50-50 71.21  89.53  103.65  64.44  78.10  87.57  

Norway 

      DLCT 14.46  26.56  36.52  11.70  19.21  25.28  

DLCM 18.43  30.26  42.14  14.88  23.14  29.86  

LC 16.37  26.30  35.33  13.42  19.94  25.63  

100% Stock 22.57  37.17  47.33  18.90  28.04  35.14  

50-50 23.42  35.75  46.09  19.37  27.86  34.59  
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Table 5.4 (cont’d) 

Country VaR at various confidence levels CVaR at various confidence levels  

 

99% 95% 90% 99% 95% 90% 

South Africa 

      DLCT 39.83  59.97  77.81  33.93  47.80  58.85  

DLCM 32.43  51.51  65.94  26.43  40.14  49.58  

LC 32.95  47.86  62.87  28.05  38.63  47.19  

100% Stock 50.17  72.09  90.17  43.18  58.44  69.98  

50-50 36.49  49.22  58.97  32.32  41.41  47.78  

Spain 

      DLCT 9.26  21.82  37.07  6.67  14.01  21.81  

DLCM 14.33  28.44  40.75  10.33  20.00  27.43  

LC 12.90  25.13  37.19  9.49  17.84  24.70  

100% Stock 18.17  33.78  48.72  15.06  24.09  32.88  

50-50 25.01  39.75  50.80  21.29  30.53  38.08  

Sweden 

      DLCT 57.37  92.04  124.38  45.04  70.99  90.05  

DLCM 64.13  100.96  135.01  52.35  78.25  98.52  

LC 55.42  82.51  105.58  45.78  65.98  79.98  

100% Stock 66.86  98.43  125.11  54.89  78.94  95.87  

50-50 65.42  82.79  95.63  58.80  71.82  80.48  

Switzerland 

      DLCT 19.98  37.17  53.42  15.64  26.81  36.13  

DLCM 27.91  43.47  57.74  22.01  33.55  42.24  

LC 26.84  43.44  57.24  21.68  33.18  41.82  

100% Stock 27.55  49.15  64.02  22.66  36.61  46.62  

50-50 39.32  57.81  71.52  34.03  46.81  55.93  

UK 

      DLCT 32.19  52.72  67.58  25.96  40.52  50.28  

DLCM 26.91  45.04  60.07  21.78  34.14  43.23  

LC 25.69  41.40  53.81  20.95  31.92  39.87  

100% Stock 43.48  62.21  77.41  35.68  50.34  60.30  

50-50 30.87  44.10  54.23  26.86  36.20  42.70  

US 

      DLCT 42.44  65.70  85.25  34.93  50.70  63.22  

DLCM 37.76  59.08  77.29  32.18  46.11  57.43  

LC 36.22  56.31  72.64  30.79  43.98  54.17  

100% Stock 51.36  74.88  93.74  44.01  60.13  72.56  

50-50 45.70  60.72  73.93  40.03  51.34  59.55  
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Table 5.5: Performance measures for various investment strategies 

(Based on 5000 block bootstrapped samples) 

Table 5.5 reports two performance measures of RWA using different asset allocation 

strategies from 5000 block bootstrapped return series. The mean RWA under a 50-50 

strategy was used as the target benchmark return for both ratios to estimate the 

performance of the other strategies.   

 

Country      Performance Measures 

  Information Ratio Sortino Ratio 

Australia 

  DLCT 0.75 2.16 

DLCM 0.67 2.33 

LC 0.49 1.27 

100% Stock 0.78 2.61 

Belgium 

  DLCT 0.04 0.08 

DLCM 0.10 0.22 

LC -0.04 -0.07 

100% Stock 0.29 0.88 

Canada 

  DLCT 0.61 1.66 

DLCM 0.57 2.53 

LC 0.40 0.97 

100% Stock 0.63 2.18 

Denmark 

  DLCT 0.28 0.58 

DLCM 0.35 0.86 

LC 0.18 0.35 

100% Stock 0.24 0.49 

France 

  DLCT 0.29 0.96 

DLCM 0.30 1.07 

LC 0.22 0.67 

100% Stock 0.30 1.08 

Germany 

  DLCT 0.12 2.03 

DLCM 0.14 2.23 

LC 0.10 1.56 

100% Stock 0.14 2.72 

Ireland 

  DLCT 0.32 0.93 

DLCM 0.33 0.98 

LC 0.22 0.58 

100% Stock 0.38 1.27 
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Table 5.5 (cont’d) 

Country      Performance Measures 

  Information Ratio Sortino Ratio 

Italy 

  DLCT 0.23 0.83 

DLCM 0.34 1.73 

LC 0.17 0.53 

100% Stock 0.28 1.32 

Japan 

  DLCT 0.37 2.47 

DLCM 0.31 3.30 

LC 0.37 1.91 

100% Stock 0.27 2.05 

Netherlands 

  DLCT 0.49 2.16 

DLCM 0.50 2.62 

LC 0.41 1.61 

100% Stock 0.43 1.83 

Norway 

  DLCT 0.16 0.29 

DLCM 0.22 0.47 

LC 0.07 0.12 

100% Stock 0.22 0.42 

South Africa 

  DLCT 0.55 2.21 

DLCM 0.47 2.08 

LC 0.38 1.23 

100% Stock 0.60 3.39 

Spain 

  DLCT 0.32 0.94 

DLCM 0.36 1.35 

LC 0.24 0.68 

100% Stock 0.34 1.10 

Sweden 

  DLCT 0.44 2.63 

DLCM 0.46 3.32 

LC 0.38 1.81 

100% Stock 0.38 2.84 
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Table 5.5 (cont’d) 

Country      Performance Measures 

  Information Ratio Sortino Ratio 

Switzerland 

  DLCT 0.34 0.86 

DLCM 0.36 1.19 

LC 0.26 0.67 

100% Stock 0.34 0.99 

UK 

  DLCT 0.47 1.32 

DLCM 0.48 1.48 

LC 0.33 0.82 

100% Stock 0.52 1.79 

US 

  DLCT 0.60 1.70 

DLCM 0.51 1.93 

LC 0.43 1.12 

100% Stock 0.59 2.24 
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Chapter 6  

Impact of Asset Allocation Strategies, Investment Horizons, Savings 

Rates and Tax on DC Pension Planning 

 

6.1  Introduction 

 

The recent shift from DB plans and DC plans across the world requires retirees to 

manage their own resources, including defining contribution and Individual 

Retirement Account (IRA) plans to pay for their retirement. Retirement participants 

must acquire sufficient wealth to fund their future retirement, and the accumulation of 

retirement wealth involves both savings and investment performance. Since market 

returns are volatile and retirement participants cannot control their investment returns, 

this chapter mainly focuses on saving, which is within the control of retirees.   

 

According to the 14
th

 Retirement Confidence Survey in 2004, while many American 

workers have saved some money for their retirement, they cite low levels of savings 

and investments, and 40 percent of workers say that they are not currently saving for 

retirement. (Helman and Paladino 2004) With the increase in individual responsibility 

for retirement planning, retirees are facing a number of crucial questions. The 

fundamental question a retirement participant faces is: how can I prepare financially 

to sustain my pre-retirement lifestyle without outliving my retirement portfolio? 

   

The previous chapter examined the retirement wealth accumulation of hypothetical 

retirement planners under various investment strategies in seventeen countries by 

assuming a 10 percent contribution rate and a 40-year investment horizon. Particular 

attention was paid to a lifecycle investment strategy, which is becoming increasingly 

popular in DC pension plans across 17 countries, and two dynamic lifecycle strategies 

were introduced. The results showed that dynamic lifecycle strategies are an 
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improvement on a conventional lifecycle strategy. Moreover, some recommendations 

were made for the future design of a simple lifecycle investment strategy. 

 

While the market is variable and individual retirement planners cannot control their 

investment returns, they can control their savings for retirement and the time they 

begin to save. Therefore, various savings rates and investment horizons under 

different asset allocation decisions for hypothetical retirement participants in each 

country will be examined in this chapter.  

 

This chapter seeks to investigate the performance of various asset allocation strategies 

using a variety of saving rates over varying investment horizons. In other words, it 

seeks to determine the implication of various savings rates and contribution periods 

over different investment strategies to sustain a pre-retirement lifestyle. In addition, 

most previous research on pension investment has completely ignored the effect of 

tax; thus, it will be interesting to see how different tax systems across different 

countries affect retirement outcomes.    

 

This chapter attempts to answer the following questions:  

 How much of their income do retirees need to save in order to retire 

comfortably?  

 What should be the asset composition of a retirement portfolio?  

 When should retirees begin to save for retirement?  

 What is the tax effect of various tax regimes on retirement outcomes?  

The purpose of this chapter is to jointly examine the decisions surrounding retirement 

income planning and, hopefully, provide retirement planning guidance for individuals 

at various stages in their working lives.  

The reminder of the chapter is organised as follows: the next section discusses prior 

literature on this topic; the third section describes the principle and practice of 

taxation systems for private pensions; the fourth section presents the empirical 
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analysis; the fifth section discusses the results and the final section concludes the 

study.  

 

 

6.2  Previous research 

 

When addressing various retirement asset allocation strategies using a variety of 

savings rates over varying investment horizons, the primary question is how much 

retirement income is sufficient to maintain individuals’ current standard of living. 

Perhaps most complete study to address this question is the Aon Consulting/Georgia 

State University’s Retirement Income Replacement Ratio Study, which began in 1988 

and is repeated approximately every four years. The most recent study (2008) 

indicates that about 78% of pre-retirement income is generally sufficient to maintain 

the pre-retirement lifestyle of families with a pre-retirement income of $60,000 or 

more. This can also be measured by looking at the terminal wealth of the accumulated 

fund at retirement in terms of the terminal income. (See Basu and Drew, 2010; Booth 

and Yakoubov, 2000; Cannon and Tonks, 2012)  

 

Having set a benchmark income, the joint decision of how much to save, what asset 

classes to invest in, and when saving should start can then be decided. Ibbotson, 

Xiong, Kreitler, Kreitler and Chen (2007) investigated the pre-retirement decisions 

necessary to sustain a retiree’s pre-retirement lifestyle using targeted maturity funds 

as an investment vehicle, employing a Monte Carlo simulation to estimate the 

investment returns. They created a table (stratified by age and income levels) with the 

suggested savings rate for an individual to retire with 80 percent of net pre-retirement 

income (gross income less retirement savings) adjusted for inflation. While the 

Ibbotson et al. study provides practical retirement planning guidance for those 

individuals who invest in targeted maturity funds, other asset allocation strategies can 

be utilised and will affect retirement planning.  
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Most studies that focus on the empirical implications of the asset allocation theory for 

retirement planning suggest that portfolios should consist of equities and fixed income 

securities and be re-balanced over time. Elton and Gruber (1975) used dynamic 

programming to analyse the multi-period portfolio problems that maximise the utility 

of terminal wealth, while Booth (2004) used a Monte Carlo simulation to analyse 

retirement targets and asset allocation, and found that the optimal allocation for 

shorter time horizons is 100 percent risk free bonds. More equities are optimal as the 

time horizon lengthens. Vora and McGinnis (2000) addressed optimal asset allocation 

as retirees draw down their retirement portfolio, and concluded that retirement 

portfolios should heavily rely on equity. Van Eaton and Conover (2002) suggest that 

retirement portfolio contributions should be 100 percent equity in retirees’ earlier 

working life and be gradually reduced to bonds as retirement approaches. However, 

there are opposing views on retirement portfolio re-balancing. Hughen, Laatsch and 

Klein (2002) suggest that retirement portfolios should consist of a 100 percent equity 

allocation, which their study found to have a higher mean after tax cash flows and 

terminal value. 

 

These studies indicate that there is no universal agreement on portfolio asset 

allocation, even among those well-versed in financial theory. Evidence indicates that 

some DC plan participants make allocation decisions without the benefit of being 

exposed to financial theory. When they are exposed to financial education, their 

allocation choices improve. Dolvin and Templeton (2006) found that attending 

financial literacy seminars was associated with increased portfolio diversification and 

improved risk management. Clark, d’Ambrosio, McDermid and Sawant (2006) found 

that financial education produces a significant change in how individuals think and 

plan for retirement. 

 

Although many theorists believe in the benefits of more conservative retirement 
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portfolio re-balancing as individuals approach retirement, this advice is not widely 

supported. The automatic re-balancing of portfolios through lifecycle funds as 

participants age is offered by two thirds of 401(k) plans (EBRI), but has not been 

widely utilised. This result is confirmed empirically by Agnew, Balduzzi and Sunder 

(2003), who found that the participants in their sample survey re-balanced 

infrequently; in fact, more than 87 percent of the participants did not rebalance their 

portfolio. There is also some empirical support for this strategy. Using simulation, 

Schleef and Eisinger (2007) concluded that lifecycle funds that reduce equity 

allocations over time underperform fixed asset allocation models when trying to 

achieve a targeted portfolio value. 

 

In summary, although many theorists suggest that retirement portfolio allocation 

strategies should be dynamic over time, there is no widespread agreement on the 

optimal strategy. Furthermore, many empirical studies suggest that static portfolio 

allocations outperform dynamic ones and that plan participants have not widely 

adopted dynamic allocation strategies. This chapter seeks to empirically extend the 

literature on retirement portfolio planning by comparing the performance of four 

simple allocation strategies using various savings rates over varying work lifetime 

horizons. In other words, it seeks to determine whether or not various contribution 

periods, savings rates and investment horizons in different portfolio asset allocation 

strategies can sustain a pre-retirement lifestyle. 

 

Most previous research on savings rates is mainly based on data on returns for US 

financial markets. This data is either directly used for historical simulation for 

bootstrap resampling methods or to calculate parameters for Monte Carlo simulations. 

If the world is viewed as a Monte Carlo simulation, the single path of returns in the 

US may be incapable of representing the true underlying distribution of returns. This 

is pointed out by Dimson, Marsh and Staunton (2002), who argue that only looking at 

the past data in the US for future predictions will lead to “success bias” and sampling 
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error. Therefore, asset returns for a larger selection of countries should provide a 

better idea of the range of possibilities in the future. Since the historical financial 

market data of seventeen countries is used in this study to consider saving rates in 

different historical circumstances, it is hoped that the results will provide general 

guidance for prospective retirement participants in those seventeen countries. 

 

Moreover, most previous studies on pension investment have ignored tax. Dilnot and 

Johnson (2004) and Yoo and Alain de Serres (2004) examined the principles behind 

the taxation of private pensions and compared tax systems across countries. The tax 

treatment of pension funds in each of the 17 counties is derived from their research, 

and the tax effect on pension investment is tested by various tax systems on pension 

investment. In addition, we assume that the same tax regime operated over the whole 

of the data sample for that particular country.  

 

Prior studies have maintained some retirement planning parameters when studying 

one or more aspects of retirement planning. Most of them assumed a fixed 

contribution rate and investment horizon for retirement planning. (See Basu and 

Drew, 2010, Shiller, 2006, Cannon and Tonks, 2012) This study extends prior 

literature by varying most retirement planning attributes: asset allocation decisions, 

savings rate, and investment horizon. In addition, the tax effect on pension investment 

outcomes is also tested to enrich and distinguish this study from previous studies.   

 

This research aspires to provide insights into how individuals can be expected to fare 

financially in retirement using a given set of retirement planning parameters. It is 

hoped that the results will provide retirement planning guidance for individuals at 

various stages in their working lives with various levels of risk aversion and varying 

propensities to save in seventeen different countries. 
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6.3  Taxations of private pensions 

 

In theory, the following three major transactions that can be taxed in pension funds: 

 Contributions made to the pension scheme; 

 Investment income earned from the contributions; 

 Money withdrawn from the retirement pension fund.  

 

The four most commonly-used pension tax regimes across the world
31

 are “taxed-

taxed-exempt” (TTE) schemes; “exempt-exempt-taxed” (EET) schemes; “exempt-

taxed-taxed” (ETT) schemes and “taxed-taxed-taxed” (TTT) schemes.  

 

A. Taxed contributions, taxed investment income, Tax-free withdrawal 

(TTE) 

In this regime, contributions made into the pension funds are taxed and the 

accumulated investment return on funds is also subject to income tax. In return, the 

withdrawal of assets from such pension funds is fully exempted from taxation. Such 

arrangements are also known as comprehensive income tax schemes.  

 

B. Tax-free contributions, Tax-free investment income, Taxed withdrawal 

(EET) 

In this regime, contributions to pension funds are not subject to tax, which allows the 

whole contribution to be put into the pension fund. However, while no tax is charged 

on the investment income of the pension fund, the full amount of tax is charged when 

it is withdrawn from the fund. This tax scheme is also called an expenditure tax 

regime.  

 

C. Tax-free contributions, taxed investment income, Taxed withdrawal 

(ETT) 
                                                             
31

 Other tax regimes are also available across the world and possible tax combinations range from EEE 

to TTT, but the four main tax schemes used are shown here, especially in the 17 sampled countries.   
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Contributions are not subjected to tax in this regime, whereas investment income from 

contributions to pension funds and withdrawals from funds are both taxable. 

 

D. Taxed contributions, taxed investment income, Taxed withdrawal (TTT) 

In this regime, contributions, investment income and withdrawals are all subject to 

tax. 

 

The practice of the taxation of private pension schemes is extremely varied across 

countries. Table 6.1 illustrates how the contributions, fund income and pension 

withdrawals are taxed in each country in our sample. The vast majority of the 17 

sampled countries use an EET regime. Thirteen of them (Belgium, Canada, France, 

Germany, Ireland, Japan, The Netherlands, Norway, South Africa, Spain, Switzerland, 

the UK and the US) apply an EET scheme in which only withdrawals from pension 

funds are subject to tax. Three of the countries (Denmark, Italy and Sweden) apply an 

ETT regime, and Australia is the only country that uses a TTT regime that taxes all 

three transactions.
32

 For the sake of simplicity and comparability, it is assumed that 

the income tax rate is 25 percent for all countries. In addition, some countries, like 

France, Germany and the UK allow a partial tax-free withdrawal in the form of a 

lump sum payment; however, this partial exemption of tax is not accounted for in this 

research due to the complexity and variability across different nations.  

 

The following example shows how pension tax is charged under different tax regimes: 

Assume that a taxpayer contributes 100 to the pension fund in the first year and 

withdraws it 10 years after, and the single income tax rate payable is 25 percent. 

Furthermore, it is assumed that the investment income is constant at 10 percent every 

year.  

 

Under the EET regime, the whole of the 100 is contributed to the pension fund. No 
                                                             
32

 We assume that the same tax regime operated over the whole of the data sample for that particular 

country. 
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tax is charged on investment income and 25 percent tax is charged in full on 

withdrawals. An individual could either choose to spend 75 now and pay 25 income 

tax or save it into a pension fund and consume goods worth 194.53 in ten years’ time. 

194.53 is simply 10100 1.1 (1 25%).  

 

Thus, it can be seen that this regime defers 

tax payment and consumption until retirement and the retiree has the same present 

value of income after tax to spend now or consume after ten years at retirement.  

 

Under the TEE regime, 25 percent tax is charged when 100 of earnings is contributed 

to the pension fund in the first year. Therefore, 25 of the 100 contribution is paid and 

75 is invested into the pension fund. The retiree will receive 194.53 at the end of ten 

years. If he did not save in the pension fund, he could spend 75 (25 paid on income 

tax) in the first year. The 194.53 received at retirement has the same present value of 

spending 75 in the first period. Therefore, the EET and TEE regimes give the same 

value of retirement income after tax.  

 

Under the ETT regime, 100 of earnings contributed to the pension fund is not 

subjected to tax. A retirement income of 10 percent return is taxed; thus, the post-tax 

rate of return is reduced to 7.5 percent. The post-tax retirement accumulation is 

154.58 at retirement. 154.58 is simply 10100 (1+7.5%) (1 25%).    Since the post-

tax rate of return is lower than the pre-tax rate of return, this is a disincentive to save 

into the pension fund, and the retiree ends up with less money under an ETT regime 

compared to an EET or TEE regime.  

 

Under the TTE regime, the rate of return is also reduced by tax. 25 out of 100 of the 

earnings is paid before contributing to the pension fund. He will receive 154.58 at 

retirement, which is the same amount as the ETT regime.  

 

Under the TTT regime, all three transactions are subject to 25 percent tax. Thus, the 

retirement wealth accumulated at retirement is 145.90, which is simply 
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10100 (1 25%) (1+7.5%) (1 25%).      

 

Overall, the EET and TEE regimes give more incentive to save into pension plans 

than the ETT and TTT regimes since they have a higher rate of return and bigger 

accumulation at retirement. Contributors to a TTT regime end up with the lowest 

retirement income at the end of 10 years. 

 

 

6.4  Empirical Analysis 

 

Since retirement participants are likely to be concerned with the inflation of their 

retirement wealth, real annual returns for stocks and bonds over seventeen countries 

for a period of 108 years, between 1900 and 2007 are used. All returns include 

reinvestment and capital gains. Details of the dataset are provided in section 3.1.1. 

The real wage growth data used in this chapter is the same as that in the previous 

chapter. The average wage growth rate is about 1.6 percent for the seventeen countries 

for the period from 1900 to 2007, which is very close to being the 1.5 percent every 

year suggested by Burtless (2003). Details of the wage growth data are provided in 

section 3.1.3.  For consistency and simplicity, the average wage growth rate for each 

individual country is used in this study and remains constant every year 

 

Some individuals may begin saving for retirement immediately they enter the 

workforce, whereas others may postpone saving for their retirement until later in life, 

if at all. The retirement savings horizon is generally a subset of work life expectancy, 

which can be used to establish plausible ranges for retirement savings horizons. To 

accommodate different retirement savings horizons for individuals based on work life 

expectancy, savings for periods of 20, 30 and 40 years are examined.  

 

The main outcome of Ibbotson et al.’s study in 2007 is to suggest savings rates at 
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varying ages and income levels in order for an individual to retire with 80 percent of 

net pre-retirement income adjusted for inflation. The focus in this study is slightly 

different from theirs. It is assumed that individuals have different propensities to save 

for retirement and focus on the retirement income horizon implications of these 

decisions. Savings rates are examined for 10 percent, 15 percent and 20 percent of the 

work life salary.  

 

Four different investment strategies are adopted to examine the holding period returns 

for different holding periods with various saving rates: a) investing entirely in equity 

for the whole holding period; b) investing entirely in bonds for the whole holding 

period; c) investing 50 percent of assets in equities and 50 percent in bonds, and 

rebalancing the portfolio at the beginning of each year to maintain a fixed proportion 

of assets held at 50 percent; d) a simple lifecycle strategy which invests everything in 

equity until ten years before retirement, then gradually switches stocks to bonds at the 

beginning of each year and invests everything in bonds at the end of the holding 

period. 

 

The dataset covers 108 years between 1900 and 2007 for 17 countries and captures 

both favourable and unfavourable returns on the individual asset classes over more 

than a century.  Since DC plan participants have long investment horizons, typically 

20, 30 and 40 years, there are only very few independent, non-overlapping holding 

period observations within this 108 years dataset. A moving block bootstrap 

simulation is used to resolve this problem and also consider the serial correlation of 

each asset class. Since the observations used in the simulations are directly sampled 

from historical returns, assumptions of specific distributions, such as normal or 

lognormal distributions, are not required. More details about this resampling 

technique are provided in section 3.2.    
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6.4.1 Model for Retirement Wealth Ratio (RWR) 

 

Regardless of the pre-retirement income level, a critical question for any retiree is 

what percentage of pre-retirement income will be needed to sustain a given lifestyle in 

retirement. The motivation for a retirement saving plan is to generate enough income 

for retirement participants after they have retired. Therefore, the performance of DC 

plans should be measured by their ability to generate sufficient retirement income. 

Rather than looking at the absolute value of retirement income, as in the previous 

chapter, a ratio that compares the terminal wealth of participants’ retirement income 

to their final net labour income is employed. Basu and Drew, 2010 call this a 

Retirement Wealth Ratio (RWR), and it is also known as a Fund Ratio by Cannon and 

Tonks, 2012. It is assumed that the contribution is made at the beginning of each year. 

Furthermore, transaction costs for managing the pension fund and unemployment are 

ignored.  

 

If it is assumed that the plan contributions and investment returns are not subject to 

tax, the RWR should be written as follows based on the retirement accumulation 

model described in section 5.3.1. 
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Where: RWR = Retirement Wealth Ratio 

              c  = Plan contribution rate 

       St  
= Annual salary in year t 

       tr  = Rate of investment return earned in year t 

       T  = Number of years in the plan before retirement 

The annual salary in year t is calculated as 0(1 )tS g ; where 0S  = Starting salary of 

the retirement participant and g = Annual wage growth rate.  
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The RWR outcome for the four asset allocation strategies is simulated using a 

bootstrap simulation for each individual country. Then, 5000 iterations are conducted 

for every investment strategy to generate 5000 different RWRs under each different 

saving rate and investment horizon. Since this study focuses on the probability of 

maintaining a pre-retirement lifestyle, it is assumed that the ultimate goal of 

retirement planners is to attain a specific amount of wealth relative to their final net 

labour income, which is called the target RWR. Thus, the results are invariant to the 

income levels.  

 

6.4.2 Success rates 

 

The most relevant risk faced by retirees is the failure to achieve the target RWR. The 

success rate is calculated by taking the number of successful portfolios to meet the 

target RWR and dividing it by the total number of stimulated return series (5000). The 

target retirement wealth accumulation ratio for the plan participant is set at 8, which is 

800% of the net pre-retirement income suggested by Basu and Drew 2010. Booth and 

Yakoubov (2000) use a target wealth of 500% of salary at retirement, which translates 

into an RWR of 5. Since this study ignores transaction costs, in addition to the 

increasing life expectancy and health care costs, it should be considered by setting a 

higher target retirement wealth ratio. However, setting a different value of the target 

retirement wealth ratio is not expected to change the relative performance of each 

asset allocation strategy under the same saving rates and holding periods as long as it 

is held constant. Nevertheless, it is obvious that success rates will drop by setting a 

higher target.      

 

As most previous studies totally ignore tax on pensions, it may also be interesting to 

ascertain how taxation affects the results by looking at the different taxation systems 

across the seventeen sampled countries. Therefore, the different taxation regimes 
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discussed previously are included in order to test the tax effect on pension funds; thus, 

the RWR with tax can be rewritten as follows: 
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Where , , ,c a b iT T T T
 
denote the relevant tax rates on contributions, investment income, 

benefit withdrawals and personal income.  

 

In summary, the effects of contribution periods varying from 20, 30 to 40 years and 

savings contributions varying from 10 to 20 percent of salary on portfolio survival are 

jointly assessed for the target RWR of a given portfolio asset allocation strategy. This 

study attempts to examine three issues, the first of which is to assess the impact on 

retirement portfolio sustainability of a given asset allocation strategy, allowing for the 

variability in savings rates and investment time horizons. The second is to compare 

and contrast retirement portfolio sustainability over seventeen countries across the 

world, while the third is to test the effect of tax on the success of various saving rates 

and investment strategies over a 40-year holding period.  

 

 

6.5  Results and Discussion 

 

Based on the retirement wealth accumulation ratio described earlier, the RWR 

outcomes of all four investment strategies are simulated with a 10%, 15% and 20% 

savings rate for investment periods of 20, 30 and 40 years. For instance, 5000 

simulated iterations are conducted for every asset allocation strategy under each 

savings rate to generate 5000 different investment return paths over a 40-year holding 

period. These stimulated returns are applied to produce a range of 5000 RWR 

outcomes under each different strategy with each savings rate at the end of a 40-year 
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investment horizon. The target RWR is set to be 8. The portfolio is considered to be 

successful if the RWR at the end of the holding period is greater than 8, and the 

success rate is calculated as the number of successful portfolios divided by the 5000 

simulated return series. Then, the success rate of each investment strategy with each 

different savings rate for each country is calculated, and in order to assess the effects 

of the investment horizons retirement portfolio success rate, the above calculations are 

repeated with holding periods of 30 and 20 years for each country. Finally, the tax 

effect on pension success rates over the 40-year investment horizon is tested. 

 

6.5.1 RWR distribution with a 40-year investment horizon 

 

The distribution of the RWR for each asset allocation strategy provides the range of 

wealth outcomes the retirement participant may expect at the point of retirement. In 

addition to the mean and median of RWR, the first (Q1) and third (Q3) quartile of the 

distribution is also estimated for each asset allocation strategy. Table 6.2 provides the 

distribution parameters of RWR for each asset allocation strategy with 10%, 15% and 

20% savings rates over a 40-year holding period. The results indicate that RWR varies 

significantly across different investment strategies, as well as various saving rates, 

over seventeen countries. In terms of mean and median RWR, the 100% stocks 

strategy is higher than the three other strategies for all seventeen countries, whereas 

the lifecycle strategy is the second best strategy and holding all bonds is the worst 

strategy to be considered. The mean and median of each asset allocation strategy 

increase dramatically across every country when the savings rate is increased.  

 

The first and third quartiles of RWR outcomes also increase when holding more 

stocks in their retirement portfolios in each country. The differences between the first 

quartile RWR outcomes of different strategies are smaller than the differences 

between the third quartile outcomes. For example, the first quartile of RWR for the 

100 percent stocks strategy and 50-50 strategy in Australia are 12.98 and 6.99 
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respectively, whereas, the corresponding estimates for the third quartile outcomes are 

30.64 and 16.81. Again, the 100 percent stocks strategy has the best first and third 

quartile RWR outcomes for every country. Moreover, the first and third quartile 

outcomes for each strategy increase sharply with an increased savings rate.  

  

6.5.2 Success rates of various savings rates  

 

Table 6.3 shows the success rates of different investment strategies with various 

savings rates for a 40-year holding period. For example, if individuals in Australia 

save 15 percent of their income every year for 40 years and invest entirely in stocks, 

they will have a 97.96 percent chance of achieving their target RWR. With a 10 

percent savings rate, only five countries have more than an 80 percent success rate by 

holding all stocks, i.e. Australia, Canada, South Africa, Sweden and the US. Australia 

has the highest success rate of 91.66 percent, followed by Canada with 87.12 percent, 

while Belgium and Italy have the lowest success rates of 38.9 percent and 42 percent 

respectively. The success rate dramatically increases if the contribution rate only 

increases by 5 to 10 percent. With a 20 percent savings rate, only three countries have 

success rates lower than 80 percent when investing entirely in stocks, i.e. Belgium, 

Italy and Germany. However, the lowest ranked three countries all have more than 70 

percent chance of achieving the target RWR.  

 

With a 20 percent savings rate, Denmark and Switzerland are the only countries that 

could achieve an 80 percent success rate by holding 100 percent bonds due to their 

superior bond market returns. Participants’ success rate generally increases 

dramatically by including more stocks in their retirement portfolio. A 100 percent 

stocks strategy provides the highest success rate compared to the other three 

strategies, and this is consistent with the results of the RWR distribution. More 

interestingly, the lifecycle strategy provides a better success rate than a 50-50 strategy 

with a 10 percent savings rate. However, the outperformance of the lifecycle strategy 
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of the 50-50 strategy diminishes with an increase in the savings rate. These two 

different strategies provide a very similar success rate when the savings rate is 

increased to 20 percent.  

 

In summary, a high equity investment is an important determinant of the differences 

in success rates. A strategy of contributing at least 15 percent of work life income to a 

retirement portfolio consisting of at least 50 percent of stocks over 40 years would 

give more than an 80 percent chance of achieving the target RWR in most of the 17 

countries. However, countries like Belgium, France, Germany and Italy require larger 

savings contributions to achieve an 80 percent success rate. Moreover, the differences 

in the success rates between different strategies decrease with an increased savings 

rate. For example, the differences in the success rates of various investment strategies 

with a 20 percent savings rate are much smaller than those with a 10 percent savings 

rate. Thus, saving rates play a crucial role in retirement planning to accumulate the 

target retirement wealth. 

 

6.5.3 Success rates over various investment horizons 

 

The success rates of different investment strategies with various savings rates over a 

40-year holding period have been examined, and since individual retirement 

participants may postpone their retirement savings or start saving later in life, it will 

be interesting to examine the effect of shorter investment horizons. Therefore, savings 

periods of 20 and 30 years are also examined to accommodate different retirement 

savings horizons for individuals based on the expectancy of working life. Tables 6.4 

and 6.5 report the success rates of different investment strategies with various savings 

rates for 30 and 20-year holding periods respectively.   

 

The results shown in Table 6.4 indicate that more than half of the countries cannot 

achieve an 80 percent success rate with a contribution rate up to 20 percent for a 30-
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year investment horizon. Also, no country can achieve an 80 percent success rate with 

a contribution rate of 20 percent for a 20-year holding period, as shown in Table 6.5. 

There are sharp drops in the success rates when shortening the investment horizon; 

thus, an early start to saving is crucial for successful retirement planning.  

 

The lifecycle strategy does not perform very well compared to the 50-50 strategy with 

a 20-year holding period. The success rates are significantly increased by increasing 

the savings rate from 10 percent to 20 percent, and there is a big difference between 

the success rates of various strategies as savings rates increase. Therefore, both 

savings rates and investment strategies play a crucial role in successful retirement 

planning with a relatively shorter investment horizon.  

 

The overall the success rate is greatly impacted by the savings rate, the investment 

horizon and the amount of equity investment in the portfolio. The results of Tables 

6.3, 6.4 and 6.5 indicate the importance of starting retirement savings early, investing 

in stocks and having a high rate of saving.  

 

6.5.4 Success rates with taxation for a 40-year holding period 

 

In order to illustrate the effect of tax on pension investment, the distribution of the 

RWR for each asset allocation strategy and the success of various savings rates with a 

40-year holding period are recalculated using RWR with a tax equation combined 

with the tax treatments in Table 6.1. We assume that the same tax regime operated 

over the whole of the data sample for that particular country. Table 6.6 reports the 

distribution of RWR with tax using a bootstrap resampling technique for each asset 

allocation strategy with 10%, 15% and 20% savings rates over a 40-year holding 

period. The distribution parameters in terms of mean, median, the first and third 

quartiles are all lower than the results in Table 6.2 and the only exception is Belgium, 

for the major reason that the tax rate on withdrawals is 16.5 percent, compared with 
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other countries where it is no less than 25 percent. 

 

Table 6.7 presents the success of various savings rates and investment strategies with 

a 40-year holding period including tax. When comparing these with the results in 

Table 6.3, the success rates for all four investment strategies with various savings 

rates are lower for 16 countries when tax is included and the only exception is 

Belgium. However, the decrease in success rates varies across countries. Eleven 

counties (Canada, France, Germany, Ireland, Japan, The Netherlands, Norway, South 

Africa, Switzerland, the UK and the US) that apply an EET tax regime show a less 

dramatic reduction in success rates than countries (Denmark, Italy and Sweden) that 

operate an ETT tax regime. Spain, which applies an EET tax regime, also shows a 

sharp decrease in success rates due to its 40 percent tax rate on withdrawals. Australia, 

the only country that applies a TTT tax regime, shows a huge drop in success rates 

since it taxes all three transactions. The decrease in success rates becomes smaller 

when increasing the savings rate from 10 percent to 20 percent. With a 10 percent 

savings rate, only three countries have a more than 80 percent success rate when 

holding all stocks, i.e. Australia, Canada and the US. With a 20 percent savings rate, 

five countries have success rates lower than 80 percent when investing entirely in 

stocks. The decrease in success rates when including tax is much smaller with a 20 

percent saving rate; moreover, success rates decrease when holding fewer stocks.  

 

In summary, pension participants in those countries with an EET tax regime have 

more incentive to save in pension funds if the tax rate charged on withdrawals is not 

bigger than personal income tax. On the other hand, the impact of paying tax in 

countries with ETT and TTT tax regimes is much bigger, which dramatically reduces 

the chance of achieving target retirement wealth outcomes. An increase in the savings 

rate can reduce the tax effect under all tax regimes. Taxpayers in those countries with 

ETT and TTT tax regimes could contribute more to achieve a higher rate of success.  

However, taxpayers in countries like Belgium, France, Germany, Italy and Spain will 
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need to increase their savings rate to more than 20 percent to achieve an 80 percent 

target success rate using a 100 percent stocks strategy.  

 

 

6.6  Conclusion 

 

A 5000 bootstrap simulation return series was constructed using the annual real 

returns on stock and bonds from 1900 to 2007 in seventeen countries. Four different 

investment strategies were analysed with these two asset classes and different savings 

rates and various retirement investment horizons. Using these simulated returns, the 

impact of different investment strategies with various savings rates were jointly 

examined over different retirement holding periods.  

 

Based on the target retirement wealth accumulation ratio, the success rates of 

achieving such a target level of wealth were calculated with different investment 

strategies and savings rates over various holding periods. The rates of success were 

found to vary significantly across countries. The results confirmed the importance of 

holding equity in a retirement portfolio, as found in previous research. With a 40-year 

investment horizon, a strategy of contributing at least 15 percent of working life 

income to a retirement portfolio consisting of at least 50 percent stocks would give 

more than an 80 percent success rate in most of the 17 countries. However, countries 

like Belgium, France, Germany and Italy require larger savings contributions to 

achieve an 80 percent success rate due to their relatively poor historical stocks and 

bonds market returns compared to the other sampled countries. A higher rate of saving 

was found to be crucial to the success of retirement planning to achieve the target 

retirement wealth accumulation over a 40-year investment horizon. In such a long 

holding period, the difference between the success rates of different investment 

strategies diminishes as the rate of savings increases.   
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Since individual retirees may postpone retirement savings or start saving later in life, 

investment periods of 30 and 20 years were also considered. The results indicate that 

a relatively shorter savings period and a lower savings rate significantly reduce the 

probability of achieving the target retirement income. Additionally, investment 

strategies over a relatively shorter investment period are crucial for the success of 

retirement planning, due to the huge differences in the success rates of various 

strategies.  

 

Different taxation systems were also found to have a major impact on success rates. 

Countries that apply an EET tax regime showed a less dramatic reduction in success 

rates than those that operate an ETT or TTT tax regime. Thus, retirement participants 

in countries with an EET regime have a greater incentive to save into pension funds. 

In addition, tax has a greater effect on taxpayers in countries with an ETT or TTT tax 

system with higher drops in success rates. Increasing the savings rate could 

dramatically reduce the lower success rates caused by the tax effect; however, 

countries like Belgium, France, Germany, Italy and Spain would need to increase their 

savings rates to more than 20 percent to achieve an 80 percent target success rate with 

a 100 percent stocks strategy. 

 

Overall, the success rates of achieving a target level of wealth is greatly impacted by 

the savings rate, the investment horizon, the amount of equity investment in the 

portfolio, and the taxation system on pensions. The results indicate the importance of 

starting retirement savings early, investing in stocks and having a high rate of savings. 

Moreover, retirement participants in countries with an EET tax regime have more 

incentive to save and countries under other tax regimes need to contribute more to 

achieve their target retirement wealth outcomes.  

 

The results of this study extend previous retirement planning literature by analysing 

various investment strategies at various savings rates over various investment 
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horizons in seventeen countries. Notably, tax is also considered by taking account of 

the various tax regimes across different nations. According to the results of this study, 

individual retirement participants in a particular sampled country can determine the 

likelihood of sustaining their pre-retirement lifestyle in retirement based on their 

current retirement plan. Hopefully, this will provide retirement planning guidance for 

individuals at various stages in their working lives with various levels of risk aversion 

and varying propensities to save in each of the seventeen different sampled countries. 
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Table 6.1 Taxation of private pensions in the seventeen countries 

Table 6.1 shows how the contributions, fund income and pension withdrawals are 

taxed in the seventeen sampled countries.  

 

  
Contributions 

 
Fund 

 

  Pension Withdrawals 

Country 
  

Income 
 

Value Annuities   Lump sums 

Australia 

 

15% 7.5% 

 

E T/PC PE/16.5% 

Belgium 

 

E E 

 

E T/PC 16.5% 

Canada 

 

E E 

 

E T T 

Denmark 

 

E 15% 

 

E T 40% 

France 

 

E E 

 

E T/PE T/PE 

Germany 

 

E E 

 

E T/PE T 

Ireland 

 

E E 

 

E T/PE T/PE 

Italy 

 

E 11% 

 

E T/PE T/PE 

Japan 

 

E E 

 

E T/PE T/PE 

Netherlands 

 

E E 

 

E T T 

Norway 

 

E E 

 

E T T 

South Africa 

 

E E 

 

E T T/PE 

Spain 

 

E E 

 

E T 40% 

Sweden 

 

E 15% 

 

E T T 

Switzerland 

 

E E 

 

E T T 

UK 

 

E E 

 

E T T/PE 

US 

 

E E 

 

E T T 

Note: E = exempt; T = taxed under personal income tax; PC = partial credit; PE = 

partial exempt.  

Source: Dilnot and Johnson (1994), Yoo and Alain de Serres (2004) 
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Table 6.2 Distribution parameters of RWR for a 40-year investment horizon with 10%, 15% and 20% savings rates 

Table 6.2 reports the distribution of RWR using a block bootstrap resampling technique for each asset allocation strategy with 10%, 15% and 

20% savings rates over a 40-year holding period. The mean, median, first (Q1) and third (Q3) quartile of the RWR distribution is calculated for 

each asset allocation strategy based on 5000 simulated return series. RWR is calculated using equation (36). 

 

    10% contribution rate     15% contribution rate     20% contribution rate   

  Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Australia   

  

Australia   

  

Australia 

 100% stocks 23.69 20.20 12.98 30.64 37.43 31.91 20.51 48.40 53.09 45.27 29.10 68.66 

50-50 12.96 10.76 6.99 16.81 20.48 17.00 11.05 26.55 29.05 24.11 15.68 37.66 

Lifecycle 20.39 16.37 9.61 26.72 32.22 25.86 15.18 42.22 45.70 36.68 21.54 59.89 

100% Bonds 7.23 5.20 3.16 8.86 11.43 8.22 5.00 13.99 16.21 11.66 7.09 19.85 

  

  

Belgium   

  

Belgium   

  

Belgium 

 100% stocks 9.12 6.30 3.72 11.46 14.41 9.96 5.88 18.11 20.44 14.12 8.34 25.68 

50-50 6.64 5.28 3.36 8.37 10.49 8.34 5.30 13.23 14.88 11.82 7.52 18.76 

Lifecycle 7.91 5.27 2.84 10.16 12.50 8.32 4.49 16.05 17.73 11.80 6.37 22.76 

100% Bonds 4.64 3.85 2.40 5.94 7.32 6.09 3.80 9.39 10.39 8.64 5.38 13.32 

  

  

Canada   

  

Canada   

  

Canada 

 100% stocks 17.09 14.17 10.11 20.84 27.00 22.38 15.97 32.92 38.29 31.75 22.65 46.70 

50-50 10.93 9.85 7.11 13.45 17.27 15.56 11.23 21.25 24.49 22.07 15.93 30.15 

Lifecycle 15.25 12.75 8.20 18.80 24.09 20.14 12.95 29.71 34.17 28.57 18.37 42.14 

100% Bonds 7.18 5.67 3.76 8.75 11.34 8.96 5.94 13.82 16.08 12.71 8.42 19.60 

  

  

Denmark   

  

Denmark   

  

Denmark 

 100% stocks 12.24 10.38 7.33 14.89 19.34 16.40 11.59 23.52 27.43 23.26 16.43 33.37 

50-50 10.44 8.69 6.06 12.79 16.49 13.73 9.58 20.21 23.40 19.47 13.58 28.67 

Lifecycle 11.71 9.33 6.41 14.33 18.50 14.75 10.12 22.64 26.24 20.92 14.35 32.12 

100% Bonds 8.26 6.64 4.33 10.30 13.05 10.49 6.83 16.27 18.51 14.88 9.69 23.08 
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Table 6.2 (cont’d) 

     10% contribution rate      15% contribution rate      20% contribution rate   

 
Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

France   

  

France   

  

France 

 100% stocks 13.26 8.29 4.57 15.70 20.96 13.10 7.22 24.80 29.73 18.58 10.24 35.18 

50-50 8.66 6.30 3.60 10.88 13.68 9.96 5.69 17.19 19.41 14.13 8.08 24.39 

Lifecycle 11.48 6.71 3.29 13.90 18.14 10.61 5.20 21.96 25.73 15.05 7.38 31.14 

100% Bonds 5.41 4.26 2.27 7.23 8.54 6.73 3.59 11.42 12.12 9.55 5.09 16.19 

  

  

Germany   

  

Germany   

  

Germany 

 100% stocks 23.29 8.03 4.14 17.44 36.80 12.69 6.54 27.55 52.19 18.01 9.27 39.08 

50-50 9.56 6.49 3.35 11.75 15.11 10.26 5.30 18.57 21.43 14.56 7.52 26.33 

Lifecycle 18.06 7.04 2.73 16.04 28.53 11.12 4.32 25.34 40.47 15.78 6.12 35.95 

100% Bonds 5.05 4.13 1.94 7.29 7.98 6.52 3.07 11.52 11.32 9.25 4.36 16.34 

  

  

Ireland   

  

Ireland   

  

Ireland 

 100% stocks 15.45 10.64 5.95 19.10 24.40 16.81 9.40 30.17 34.62 23.84 13.33 42.80 

50-50 10.19 7.68 4.63 12.67 16.10 12.13 7.32 20.01 22.84 17.21 10.38 28.39 

Lifecycle 13.56 9.03 4.72 16.64 21.42 14.26 7.46 26.28 30.38 20.23 10.59 37.28 

100% Bonds 6.44 4.78 2.94 7.83 10.18 7.55 4.65 12.36 14.43 10.70 6.60 17.54 

  

  

Italy   

  

Italy   

  

Italy 

 100% stocks 11.72 6.50 3.34 13.44 18.51 10.27 5.27 21.24 26.26 14.56 7.48 30.12 

50-50 7.06 5.17 2.70 9.39 11.16 8.17 4.27 14.84 15.83 11.59 6.06 21.05 

Lifecycle 9.61 5.23 2.22 11.75 15.18 8.27 3.51 18.56 21.54 11.73 4.98 26.33 

100% Bonds 4.37 3.45 1.84 5.74 6.90 5.45 2.91 9.07 9.78 7.74 4.12 12.87 

  

  

Japan   

  

Japan   

  

Japan 

 100% stocks 27.43 12.39 5.50 28.33 43.34 19.58 8.69 44.77 61.47 27.77 12.32 63.50 

50-50 12.00 9.57 4.80 16.04 18.97 15.12 7.58 25.34 26.90 21.44 10.76 35.95 

Lifecycle 22.91 11.40 4.43 25.26 36.19 18.01 7.00 39.91 51.33 25.55 9.93 56.61 

100% Bonds 6.46 5.09 2.59 8.88 10.21 8.05 4.09 14.02 14.48 11.42 5.81 19.89 
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Table 6.2 (cont’d) 

     10% contribution rate      15% contribution rate      20% contribution rate   

 
Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Netherlands   

  

Netherlands   

  

Netherlands 

 100% stocks 18.76 11.67 6.55 22.04 29.64 18.44 10.36 34.83 42.05 26.15 14.69 49.40 

50-50 9.88 7.99 5.42 12.21 15.60 12.62 8.56 19.30 22.13 17.90 12.14 27.37 

Lifecycle 15.31 10.04 5.58 18.44 24.19 15.87 8.82 29.13 34.32 22.51 12.51 41.32 

100% Bonds 5.43 4.66 3.15 6.75 8.58 7.36 4.98 10.67 12.16 10.44 7.06 15.13 

  

  

Norway   

  

Norway   

  

Norway 

 100% stocks 10.71 8.62 5.23 13.81 16.91 13.62 8.26 21.81 23.99 19.32 11.72 30.94 

50-50 8.93 7.28 4.66 11.32 14.11 11.50 7.36 17.89 20.01 16.31 10.43 25.37 

Lifecycle 9.84 7.38 4.37 12.68 15.54 11.67 6.90 20.03 22.04 16.55 9.79 28.41 

100% Bonds 6.35 4.81 3.18 7.76 10.03 7.60 5.02 12.26 14.23 10.78 7.12 17.39 

  

  

South Africa   

  

South Africa   

  

South Africa 

 100% stocks 23.97 17.39 10.65 29.47 37.88 27.47 16.83 46.56 53.73 38.97 23.88 66.04 

50-50 11.63 9.81 6.83 14.28 18.38 15.50 10.79 22.57 26.06 21.98 15.31 32.01 

Lifecycle 19.37 14.21 8.55 23.91 30.60 22.45 13.51 37.78 43.41 31.84 19.16 53.59 

100% Bonds 5.87 4.83 3.34 7.21 9.28 7.64 5.28 11.40 13.16 10.83 7.49 16.17 

  

  

Spain   

  

Spain   

  

Spain 

 100% stocks 12.92 8.73 4.67 16.06 20.42 13.79 7.38 25.37 28.96 19.55 10.46 35.99 

50-50 8.34 6.67 4.25 10.47 13.17 10.53 6.72 16.55 18.68 14.94 9.53 23.47 

Lifecycle 10.94 7.16 3.73 13.65 17.29 11.32 5.90 21.57 24.52 16.05 8.37 30.59 

100% Bonds 5.14 4.35 3.05 6.36 8.12 6.87 4.83 10.05 11.51 9.74 6.85 14.26 

  

  

Sweden   

  

Sweden   

  

Sweden 

 100% stocks 30.86 19.25 10.98 35.38 48.76 30.41 17.35 55.90 69.16 43.13 24.61 79.29 

50-50 14.53 11.62 7.56 17.95 22.95 18.35 11.94 28.36 32.56 26.03 16.94 40.23 

Lifecycle 25.60 16.31 9.33 30.24 40.44 25.78 14.74 47.77 57.37 36.56 20.90 67.76 

100% Bonds 7.33 5.71 3.75 8.91 11.58 9.02 5.93 14.08 16.42 12.80 8.41 19.98 
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Table 6.2 (cont’d) 

     10% contribution rate      15% contribution rate      20% contribution rate   

 
Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Switzerland   

  

Switzerland   

  

Switzerland 

 100% stocks 12.75 9.69 5.94 15.84 20.15 15.31 9.38 25.02 28.59 21.72 13.31 35.50 

50-50 8.96 8.01 5.86 10.89 14.16 12.66 9.26 17.20 20.09 17.96 13.13 24.40 

Lifecycle 11.50 8.68 5.38 14.27 18.16 13.72 8.50 22.54 25.76 19.46 12.05 31.97 

100% Bonds 6.17 5.64 4.54 7.26 9.74 8.92 7.17 11.47 13.82 12.65 10.17 16.27 

  

  

UK   

  

UK   

  

UK 

 100% stocks 16.34 12.78 7.84 20.51 25.82 20.19 12.39 32.40 36.63 28.64 17.58 45.96 

50-50 10.14 8.64 5.73 12.81 16.02 13.66 9.05 20.23 22.72 19.37 12.84 28.70 

Lifecycle 14.29 10.87 6.32 18.25 22.58 17.17 9.99 28.83 32.03 24.35 14.17 40.89 

100% Bonds 6.64 5.21 3.36 8.37 10.50 8.24 5.30 13.22 14.89 11.68 7.52 18.76 

  

  

US   

  

US   

  

US 

 100% stocks 19.98 16.01 9.92 25.42 31.56 25.30 15.67 40.16 44.77 35.89 22.23 56.97 

50-50 11.22 10.05 7.13 14.07 17.73 15.88 11.26 22.22 25.15 22.53 15.97 31.52 

Lifecycle 17.14 13.58 8.22 22.08 27.07 21.45 12.98 34.89 38.40 30.42 18.41 49.49 

100% Bonds 6.15 5.22 3.69 7.48 9.71 8.24 5.83 11.82 13.78 11.69 8.27 16.76 
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Table 6.3 Success rates of various savings rates and investment strategies for a 

40-year holding period 

Table 6.3 reports the success rates of different investment strategies with various 

savings rates for a 40-year holding period based on 5000 simulated return series. The 

success rate is calculated by taking the number of successful portfolios to meet the 

target RWR and dividing it by the 5000 stimulated return series. The target retirement 

wealth accumulation ratio for the plan participant is set at 8.  

 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Australia 

  10% 91.66% 68.02% 81.72% 29.22% 

15% 97.96% 87.82% 93.40% 51.12% 

20% 99.50% 96.42% 97.44% 69.02% 

  

Belgium 

  10% 38.90% 27.36% 33.00% 12.68% 

15% 60.56% 52.34% 51.78% 33.46% 

20% 76.90% 72.20% 66.16% 54.54% 

  

Canada 

  10% 87.12% 66.50% 76.64% 29.16% 

15% 98.04% 91.90% 93.28% 57.14% 

20% 99.80% 98.38% 98.30% 78.10% 

  

Denmark 

  10% 68.96% 55.62% 60.92% 39.06% 

15% 93.22% 85.68% 86.98% 65.52% 

20% 99.32% 97.70% 97.20% 86.08% 

  

France 

  10% 51.28% 38.16% 44.22% 20.84% 

15% 70.78% 60.44% 60.34% 41.60% 

20% 83.34% 75.50% 72.54% 57.98% 

  

Germany 

  10% 50.12% 41.28% 46.32% 20.32% 

15% 67.50% 60.06% 59.90% 41.90% 

20% 79.22% 72.84% 69.36% 55.14% 

  

Ireland 

  10% 62.28% 47.72% 55.08% 24.10% 

15% 80.98% 70.94% 72.90% 46.90% 

20% 91.72% 86.54% 83.88% 65.52% 

  

Italy 

  10% 42.00% 31.32% 35.38% 13.20% 

15% 59.38% 50.80% 50.98% 30.60% 

20% 72.82% 65.88% 62.54% 48.26% 
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Table 6.3 (cont’d) 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Japan 

  10% 64.70% 58.00% 61.74% 29.06% 

15% 76.74% 73.46% 72.46% 50.24% 

20% 84.36% 80.84% 79.16% 65.18% 

  

Netherlands 

  10% 67.14% 49.94% 60.90% 16.26% 

15% 84.16% 78.30% 78.36% 44.48% 

20% 94.00% 92.88% 89.36% 67.54% 

  

Norway 

  10% 53.66% 44.50% 45.84% 23.56% 

15% 76.26% 70.72% 68.86% 46.70% 

20% 89.70% 88.12% 82.68% 67.84% 

  

South Africa 

  10% 86.54% 64.72% 77.88% 19.50% 

15% 96.84% 89.78% 91.96% 47.08% 

20% 99.56% 97.78% 97.46% 71.00% 

  

Spain 

  10% 54.32% 39.72% 45.92% 14.36% 

15% 72.02% 65.56% 64.28% 39.18% 

20% 83.02% 82.54% 76.14% 64.28% 

  

Sweden 

  10% 86.40% 72.24% 80.82% 30.70% 

15% 95.64% 92.60% 92.60% 57.00% 

20% 98.94% 98.70% 97.26% 77.98% 

  

Switzerland 

  10% 60.64% 50.12% 54.82% 17.60% 

15% 81.08% 83.98% 78.08% 62.52% 

20% 91.50% 95.52% 88.76% 93.14% 

  

UK 

  10% 74.10% 54.84% 64.06% 26.94% 

15% 91.30% 81.70% 83.40% 51.72% 

20% 97.48% 93.32% 92.04% 71.20% 

  

US 

  10% 84.24% 67.80% 76.46% 21.50% 

15% 95.42% 91.50% 91.16% 52.00% 

20% 98.90% 98.16% 96.90% 77.26% 
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Table 6.4 Success rates of various savings rates and investment strategies for a 

30-year holding period 

Table 6.4 reports the success rates of different investment strategies with various 

savings rates for a 30-year holding period based on 5000 simulated return series. The 

success rate is calculated by taking the number of successful portfolios to meet the 

target RWR and dividing it by 5000 stimulated return series. The target retirement 

wealth accumulation ratio for the plan participant is set at 8. 

 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Australia 

  10% 67.24% 35.74% 45.88% 13.70% 

15% 88.72% 65.62% 69.44% 32.40% 

20% 96.46% 84.26% 83.86% 50.64% 

  

Belgium 

  10% 21.26% 10.26% 13.46% 2.86% 

15% 43.82% 32.80% 29.98% 18.02% 

20% 61.10% 54.86% 46.06% 37.88% 

  

Canada 

  10% 47.98% 22.52% 32.94% 11.10% 

15% 84.16% 66.98% 64.30% 33.66% 

20% 96.68% 89.42% 82.92% 57.52% 

  

Denmark 

  10% 29.10% 22.18% 20.94% 15.32% 

15% 67.10% 54.80% 48.82% 40.72% 

20% 90.90% 83.60% 74.12% 63.10% 

  

France 

  10% 30.88% 20.02% 23.32% 7.02% 

15% 51.78% 42.22% 40.38% 26.62% 

20% 67.90% 60.86% 53.40% 46.52% 

  

Germany 

  10% 30.42% 20.82% 25.58% 4.84% 

15% 51.86% 45.56% 43.16% 25.72% 

20% 67.16% 62.60% 55.94% 48.92% 

  

Ireland 

  10% 38.00% 23.78% 26.26% 10.78% 

15% 61.78% 49.08% 47.40% 28.94% 

20% 78.36% 69.32% 63.64% 48.28% 

  

Italy 

  10% 24.96% 13.92% 17.38% 3.38% 

15% 44.72% 34.56% 32.12% 17.36% 

20% 59.86% 52.78% 45.68% 34.90% 
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Table 6.4 (cont’d) 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Japan 

  10% 47.16% 24.98% 33.66% 6.88% 

15% 65.14% 51.76% 52.00% 25.02% 

20% 76.38% 69.12% 65.04% 45.92% 

  

Netherlands 

  10% 41.30% 19.88% 27.98% 3.12% 

15% 64.18% 50.46% 50.54% 19.76% 

20% 81.70% 75.58% 68.44% 45.64% 

  

Norway 

  10% 27.30% 17.94% 17.00% 9.26% 

15% 54.72% 45.84% 39.30% 26.94% 

20% 74.06% 69.16% 58.88% 46.66% 

  

South Africa 

  10% 56.42% 26.50% 38.20% 6.18% 

15% 83.50% 62.10% 65.30% 24.74% 

20% 95.72% 87.74% 82.34% 48.30% 

  

Spain 

  10% 31.64% 14.88% 20.26% 2.28% 

15% 53.94% 40.92% 39.58% 17.38% 

20% 70.78% 64.32% 55.14% 41.50% 

  

Sweden 

  10% 59.08% 37.24% 45.28% 12.36% 

15% 83.34% 69.10% 69.20% 33.76% 

20% 93.80% 89.92% 84.96% 56.18% 

  

Switzerland 

  10% 31.40% 13.92% 20.74% 2.02% 

15% 60.16% 51.80% 46.42% 22.72% 

20% 79.30% 82.48% 67.34% 63.88% 

  

UK 

  10% 44.24% 23.14% 30.88% 9.70% 

15% 73.36% 56.02% 55.80% 31.22% 

20% 89.68% 80.40% 73.54% 53.74% 

  

US 

  10% 53.32% 26.42% 37.60% 6.04% 

15% 81.86% 67.64% 66.10% 26.38% 

20% 94.46% 89.76% 83.06% 53.68% 
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Table 6.5 Success rates of various savings rates and investment strategies for a 

20-year holding period 

Table 6.5 reports the success rates of different investment strategies with various 

savings rates for a 20-year holding period based on 5000 simulated return series. The 

success rate is calculated by taking the number of successful portfolios to meet the 

target RWR and dividing it by the 5000 stimulated return series. The target retirement 

wealth accumulation ratio for the plan participant is set at 8. 

 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Australia 

  10% 6.40% 0.54% 1.30% 1.04% 

15% 43.46% 18.74% 12.28% 9.18% 

20% 74.14% 49.52% 30.66% 24.96% 

  

Belgium 

  10% 2.64% 0.04% 0.42% 0.00% 

15% 16.40% 6.46% 3.74% 0.88% 

20% 34.70% 23.64% 11.62% 12.52% 

  

Canada 

  10% 3.70% 0.06% 0.56% 0.54% 

15% 24.40% 9.02% 5.96% 5.76% 

20% 61.16% 41.58% 20.14% 24.72% 

  

Denmark 

  10% 1.06% 0.48% 0.34% 0.10% 

15% 14.20% 11.44% 4.00% 9.30% 

20% 43.56% 35.38% 14.04% 28.40% 

  

France 

  10% 8.56% 1.18% 1.82% 0.00% 

15% 24.74% 14.20% 9.40% 3.46% 

20% 41.24% 32.62% 19.60% 20.30% 

  

Germany 

  10% 9.74% 3.14% 5.30% 0.00% 

15% 24.64% 10.70% 11.88% 1.86% 

20% 41.90% 35.20% 21.54% 13.42% 

  

Ireland 

  10% 7.38% 0.96% 1.20% 0.12% 

15% 26.82% 14.98% 8.74% 7.24% 

20% 46.84% 36.56% 20.06% 23.62% 

  

Italy 

  10% 7.06% 0.06% 0.80% 0.00% 

15% 20.24% 8.38% 6.84% 2.06% 

20% 38.16% 30.92% 16.40% 14.20% 
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Table 6.5 (cont’d) 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Japan 

  10% 16.02% 1.94% 5.02% 0.08% 

15% 36.00% 20.08% 16.20% 5.66% 

20% 54.72% 46.54% 32.74% 24.64% 

  

Netherlands 

  10% 10.42% 0.40% 1.36% 0.00% 

15% 30.06% 10.76% 7.98% 0.58% 

20% 48.14% 34.02% 18.88% 13.86% 

  

Norway 

  10% 1.22% 0.14% 0.34% 0.32% 

15% 15.36% 9.94% 4.06% 6.06% 

20% 41.20% 32.94% 13.46% 19.36% 

  

South Africa 

  10% 12.22% 0.70% 1.28% 0.02% 

15% 36.92% 13.16% 8.88% 3.24% 

20% 63.54% 41.08% 24.38% 18.00% 

  

Spain 

  10% 5.96% 0.50% 1.68% 0.00% 

15% 23.18% 9.68% 6.70% 0.42% 

20% 43.26% 29.06% 15.46% 12.06% 

  

Sweden 

  10% 17.08% 3.38% 5.32% 0.26% 

15% 39.14% 23.44% 17.28% 8.78% 

20% 65.74% 48.04% 33.76% 25.96% 

  

Switzerland 

  10% 4.22% 0.04% 0.34% 0.00% 

15% 18.02% 5.84% 3.92% 0.34% 

20% 42.90% 27.72% 12.94% 11.04% 

  

UK 

  10% 4.72% 0.02% 0.28% 0.06% 

15% 29.14% 11.74% 7.50% 6.30% 

20% 54.06% 38.92% 21.64% 24.64% 

  

US 

  10% 8.04% 0.04% 0.92% 0.08% 

15% 33.44% 9.60% 8.78% 2.28% 

20% 62.10% 44.50% 24.26% 17.46% 
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Table 6.6: Distribution parameters of RWR with tax for a 40-year investment horizon with 10%, 15% and 20% savings rates  

Table 6.6 reports the distribution of RWR with tax using a block bootstrap resampling technique for each asset allocation strategy with 10%, 

15% and 20% savings rates over a 40-year holding period. The tax treatment of each country is illustrated in Table 6.1 and we assume that the 

same tax regime operated over the whole of the data sample for that particular country. The mean, median, first (Q1) and third (Q3) quartile of 

the RWR distribution is calculated for each asset allocation strategy based on 5000 simulated return series. RWR with tax is calculated using 

equation (37). 

 

     10% contribution rate    15% contribution rate    20% contribution rate 

  Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Australia   

  

Australia   

  

Australia 

 100% stocks 15.84 13.97 8.97 20.73 25.14 22.17 14.25 32.91 35.81 31.59 20.29 46.88 

50-50 9.11 7.95 5.18 11.83 14.47 12.62 8.22 18.78 20.61 17.97 11.72 26.75 

Lifecycle 13.50 11.24 6.72 17.95 21.43 17.84 10.67 28.49 30.53 25.42 15.20 40.59 

100% Bonds 5.33 4.05 2.54 6.63 8.46 6.43 4.03 10.53 12.05 9.17 5.74 15.00 

  

  

Belgium   

  

Belgium   

  

Belgium 

 100% stocks 9.32 6.46 3.73 11.61 14.80 10.26 5.93 18.42 21.08 14.61 8.45 26.25 

50-50 6.64 5.28 3.36 8.37 10.71 8.46 5.33 13.70 15.26 12.05 7.60 19.51 

Lifecycle 7.91 5.27 2.84 10.16 12.83 8.46 4.41 15.97 18.28 12.05 6.28 22.75 

100% Bonds 4.64 3.85 2.40 5.94 7.44 6.14 3.87 9.57 10.59 8.75 5.51 13.64 

  

  

Canada   

  

Canada   

  

Canada 

 100% stocks 15.15 12.58 8.82 18.31 24.06 19.97 14.00 29.07 34.27 28.45 19.94 41.41 

50-50 9.80 8.83 6.32 12.14 15.55 14.03 10.03 19.28 22.15 19.98 14.28 27.46 

Lifecycle 13.62 11.07 7.32 17.05 21.62 17.58 11.62 27.07 30.80 25.04 16.56 38.57 

100% Bonds 6.45 5.10 3.35 7.87 10.24 8.10 5.32 12.49 14.59 11.53 7.57 17.79 
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Table 6.6 (cont’d) 

     10% contribution rate    15% contribution rate    20% contribution rate 

  Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Denmark   

  

Denmark   

  

Denmark 

 100% stocks 6.15 5.46 4.08 7.47 9.77 8.68 6.48 11.85 13.92 12.36 9.24 16.88 

50-50 5.75 5.05 3.70 7.05 9.13 8.02 5.87 11.20 13.01 11.43 8.37 15.95 

Lifecycle 5.80 4.94 3.50 7.12 9.20 7.85 5.56 11.30 13.11 11.18 7.92 16.10 

100% Bonds 5.10 4.25 2.90 6.34 8.09 6.75 4.61 10.07 11.52 9.62 6.56 14.34 

  

  

France   

  

France   

  

France 

 100% stocks 11.67 7.36 4.01 13.77 18.53 11.69 6.36 21.87 26.40 16.65 9.06 31.15 

50-50 7.71 5.61 3.20 9.86 12.25 8.91 5.08 15.65 17.45 12.69 7.24 22.29 

Lifecycle 10.13 6.17 2.84 12.45 16.08 9.80 4.52 19.77 22.91 13.96 6.43 28.16 

100% Bonds 4.85 3.86 2.01 6.47 7.71 6.13 3.19 10.27 10.98 8.73 4.55 14.63 

  

  

Germany   

  

Germany   

  

Germany 

 100% stocks 24.26 7.23 3.65 15.42 38.52 11.49 5.80 24.49 54.87 16.36 8.26 34.88 

50-50 8.95 5.89 2.97 10.77 14.21 9.35 4.71 17.10 20.24 13.32 6.71 24.37 

Lifecycle 17.62 6.51 2.47 14.27 27.98 10.33 3.91 22.65 39.85 14.72 5.58 32.27 

100% Bonds 4.57 3.86 1.79 6.59 7.26 6.14 2.84 10.46 10.34 8.74 4.05 14.90 

  

  

Ireland   

  

Ireland   

  

Ireland 

 100% stocks 13.97 9.34 5.37 17.18 22.18 14.83 8.52 27.28 31.59 21.12 12.13 38.86 

50-50 9.13 6.76 4.17 11.41 14.49 10.73 6.62 18.12 20.64 15.28 9.43 25.81 

Lifecycle 12.28 8.00 4.32 15.19 19.49 12.69 6.86 24.11 27.77 18.08 9.77 34.35 

100% Bonds 5.73 4.23 2.65 7.14 9.10 6.72 4.21 11.33 12.97 9.58 6.00 16.14 

  

  

Italy   

  

Italy   

  

Italy 

 100% stocks 7.09 4.36 2.45 8.73 11.26 6.93 3.89 13.86 16.04 9.87 5.54 19.74 

50-50 4.87 3.76 2.13 6.64 7.73 5.97 3.38 10.55 11.01 8.50 4.82 15.02 

Lifecycle 5.85 3.46 1.50 7.25 9.28 5.49 2.39 11.51 13.22 7.82 3.40 16.40 

100% Bonds 3.40 2.76 1.54 4.59 5.39 4.38 2.45 7.28 7.68 6.24 3.49 10.37 
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Table 6.6 (cont’d) 

     10% contribution rate    15% contribution rate    20% contribution rate 

  Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Japan   

  

Japan   

  

Japan 

 100% stocks 25.73 11.22 4.89 25.35 40.85 17.82 7.76 40.24 58.20 25.38 11.05 57.33 

50-50 10.70 8.52 4.08 14.35 16.99 13.53 6.47 22.78 24.20 19.28 9.22 32.46 

Lifecycle 20.54 10.34 3.94 22.42 32.60 16.42 6.26 35.59 46.45 23.39 8.91 50.70 

100% Bonds 5.75 4.50 2.13 7.90 9.13 7.15 3.39 12.53 13.01 10.18 4.82 17.86 

  

  

Netherlands   

  

Netherlands   

  

Netherlands 

 100% stocks 16.35 10.59 5.85 19.91 25.95 16.81 9.28 31.61 36.97 23.94 13.22 45.03 

50-50 8.70 7.14 4.87 10.92 13.81 11.33 7.74 17.33 19.67 16.15 11.02 24.69 

Lifecycle 13.29 8.93 5.07 16.04 21.10 14.18 8.04 25.46 30.06 20.19 11.46 36.27 

100% Bonds 4.84 4.08 2.83 6.00 7.68 6.48 4.49 9.52 10.94 9.24 6.40 13.56 

  

  

Norway   

  

Norway   

  

Norway 

 100% stocks 9.68 7.86 4.73 12.62 15.37 12.49 7.51 20.04 21.89 17.79 10.70 28.55 

50-50 8.03 6.53 4.19 10.25 12.75 10.36 6.65 16.28 18.16 14.76 9.47 23.19 

Lifecycle 8.85 6.79 3.93 11.40 14.05 10.78 6.23 18.10 20.01 15.35 8.88 25.79 

100% Bonds 5.69 4.26 2.83 7.02 9.03 6.76 4.49 11.15 12.86 9.64 6.40 15.88 

  

  

South Africa   

  

South Africa   

  

South Africa 

 100% stocks 20.91 15.26 9.34 25.58 33.20 24.22 14.83 40.61 47.29 34.50 21.12 57.86 

50-50 10.31 8.65 5.99 12.76 16.36 13.73 9.50 20.26 23.31 19.56 13.54 28.87 

Lifecycle 17.02 12.28 7.55 21.00 27.02 19.50 11.99 33.34 38.50 27.78 17.08 47.49 

100% Bonds 5.28 4.30 2.93 6.50 8.38 6.83 4.66 10.32 11.94 9.73 6.63 14.70 

  

  

Spain   

  

Spain   

  

Spain 

 100% stocks 9.35 6.28 3.31 11.70 14.85 9.97 5.25 18.57 21.15 14.21 7.48 26.45 

50-50 5.97 4.77 3.05 7.54 9.48 7.58 4.84 11.97 13.51 10.80 6.90 17.05 

Lifecycle 8.04 5.07 2.57 9.98 12.76 8.05 4.08 15.84 18.18 11.46 5.81 22.56 

100% Bonds 3.65 3.10 2.18 4.55 5.79 4.93 3.45 7.22 8.25 7.02 4.92 10.29 
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Table 6.6 (cont’d) 

     10% contribution rate    15% contribution rate    20% contribution rate 

  Mean Median Q1 Q3 Mean Median Q1 Q3 Mean Median Q1 Q3 

  

  

Sweden   

  

Sweden   

  

Sweden 

 100% stocks 16.27 11.40 7.05 18.99 25.83 18.09 11.19 30.15 36.80 25.77 15.94 42.94 

50-50 9.07 7.73 5.33 11.19 14.39 12.28 8.46 17.76 20.50 17.49 12.05 25.30 

Lifecycle 13.70 9.88 5.84 16.89 21.75 15.68 9.28 26.81 30.99 22.34 13.22 38.19 

100% Bonds 5.28 4.35 3.06 6.49 8.38 6.91 4.86 10.31 11.93 9.85 6.92 14.69 

  

  

Switzerland   

  

Switzerland   

  

Switzerland 

 100% stocks 11.38 8.58 5.21 14.13 18.07 13.62 8.27 22.43 25.74 19.40 11.78 31.95 

50-50 7.99 7.16 5.26 9.83 12.69 11.37 8.36 15.60 18.07 16.20 11.90 22.23 

Lifecycle 10.10 7.59 4.73 12.57 16.03 12.06 7.52 19.96 22.83 17.17 10.71 28.44 

100% Bonds 5.50 5.03 4.08 6.47 8.74 7.99 6.48 10.27 12.45 11.38 9.23 14.62 

  

  

UK   

  

UK   

  

UK 

 100% stocks 14.64 11.50 7.16 18.29 23.24 18.26 11.36 29.03 33.10 26.02 16.18 41.36 

50-50 9.09 7.77 5.17 11.40 14.43 12.33 8.20 18.10 20.55 17.57 11.69 25.79 

Lifecycle 12.78 9.85 5.76 16.36 20.29 15.63 9.15 25.98 28.91 22.27 13.04 37.01 

100% Bonds 5.93 4.73 2.98 7.41 9.41 7.51 4.73 11.76 13.40 10.70 6.74 16.75 

  

  

US   

  

US   

  

US 

 100% stocks 18.15 14.19 9.04 23.12 28.81 22.53 14.35 36.70 41.04 32.10 20.44 52.28 

50-50 10.18 9.15 6.42 12.95 16.16 14.52 10.19 20.55 23.02 20.69 14.51 29.28 

Lifecycle 15.72 12.47 7.60 20.08 24.96 19.80 12.06 31.87 35.56 28.20 17.18 45.40 

100% Bonds 5.58 4.69 3.32 6.93 8.87 7.44 5.27 11.00 12.63 10.60 7.51 15.66 
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Table 6.7 Success rates of various savings rates and investment strategies with 

taxation for a 40-year holding period  

Table 6.7 reports the success rates of different investment strategies with various 

savings rates including tax for a 40-year holding period. The tax treatment of each 

country is illustrated in Table 6.1 and we assume that the same tax regime operated 

over the whole of the data sample for that particular country. The success rate is 

calculated by taking the number of successful portfolios to meet the target RWR and 

dividing it by 5000 stimulated return series. The target retirement wealth 

accumulation ratio for the plan participant is set at 8. RWR with tax is calculated 

using equation (37). 

 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Australia 

  10% 80.00% 49.62% 67.22% 17.72% 

15% 93.50% 76.30% 83.82% 38.16% 

20% 97.62% 89.86% 92.30% 57.78% 

  

Belgium 

  10% 40.22% 28.52% 33.64% 13.70% 

15% 61.50% 53.42% 52.36% 34.44% 

20% 77.16% 72.68% 66.76% 55.34% 

  

Canada 

  10% 81.00% 57.80% 69.44% 24.16% 

15% 96.52% 87.08% 90.56% 50.86% 

20% 99.64% 97.10% 97.30% 71.78% 

  

Denmark 

  10% 20.16% 17.66% 18.46% 14.64% 

15% 57.68% 50.32% 48.52% 38.50% 

20% 84.92% 78.18% 74.42% 62.22% 

  

France 

  10% 46.52% 33.96% 40.06% 17.20% 

15% 66.30% 55.18% 56.80% 36.48% 

20% 79.68% 71.06% 68.56% 54.18% 

  

Germany 

  10% 46.04% 36.82% 42.78% 15.18% 

15% 63.72% 56.92% 58.18% 38.16% 

20% 76.12% 69.92% 67.78% 53.60% 

  

Ireland 

  10% 57.34% 41.14% 49.92% 20.16% 

15% 77.64% 65.70% 69.34% 41.02% 

20% 89.38% 82.60% 82.10% 60.04% 

  

Italy 

  10% 27.58% 17.80% 22.60% 6.14% 

15% 44.10% 37.12% 36.72% 20.82% 

20% 59.18% 53.02% 49.28% 37.46% 
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Table 6.7 (cont’d) 

Savings rate 100% Stocks 50-50 Lifecycle 100% Bonds 

  

Japan 

  10% 60.96% 52.52% 57.68% 24.32% 

15% 74.00% 69.98% 70.14% 45.12% 

20% 82.14% 77.88% 76.76% 60.26% 

  

Netherlands 

  10% 61.84% 42.12% 54.96% 11.88% 

15% 81.34% 72.86% 75.20% 34.98% 

20% 91.98% 90.12% 87.74% 60.22% 

  

Norway 

  10% 49.22% 38.76% 41.98% 19.32% 

15% 72.38% 65.16% 64.14% 40.82% 

20% 85.74% 83.18% 78.76% 60.80% 

  

South Africa 

  10% 81.74% 55.06% 72.10% 15.88% 

15% 95.10% 84.60% 89.54% 39.82% 

20% 98.84% 95.98% 96.12% 62.66% 

  

Spain 

  10% 39.74% 22.44% 32.90% 4.44% 

15% 59.80% 46.70% 50.32% 19.60% 

20% 73.30% 67.64% 64.30% 40.86% 

  

Sweden 

  10% 68.64% 47.62% 60.18% 15.68% 

15% 88.86% 78.38% 81.72% 40.86% 

20% 96.40% 94.44% 92.38% 64.44% 

  

Switzerland 

  10% 53.92% 40.24% 47.22% 11.32% 

15% 76.52% 77.64% 72.60% 49.88% 

20% 89.54% 92.62% 86.52% 86.96% 

  

UK 

  10% 69.96% 47.58% 60.00% 21.08% 

15% 88.96% 76.46% 80.66% 45.40% 

20% 96.70% 91.52% 90.56% 66.32% 

  

US 

  10% 80.52% 60.18% 72.52% 17.40% 

15% 94.24% 87.80% 88.54% 44.68% 

20% 98.34% 97.18% 95.72% 70.74% 
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Chapter 7  

Conclusion 

 

7.1 Relevance 

 

The findings of this thesis have important implications for long-term investors 

especially retirement plan participants, sponsors and policy-makers. The essays in this 

thesis provide useful insights into evaluating the performance of major asset classes 

over long-term investment horizons and the appropriateness of various asset 

allocation strategies in defined contribution pension plans. One of the major findings 

of this research is that there is strong empirical evidence of time diversification in 

stocks across the world. This suggests that aggressive asset allocation strategies that 

involve holding more equities in portfolios are more likely to achieve better 

investment outcomes for retirement participants over long holding periods. 

 

The results confirm that conventional lifecycle investment strategies, as one of the 

most common default options for retirement participants, do not appear to have any 

significant advantages compared to the alternative asset allocation strategies proposed 

in this research. In terms of the most adverse outcomes, the benefit of risk reduction 

expected to accompany a lifecycle fund is no better than a static 100 percent stocks 

retirement fund in most of our sample countries. Furthermore, the two dynamic 

strategies proposed in this research address the drawbacks of the conventional 

lifecycle strategy and result in superior retirement wealth outcomes. The major 

difference with such dynamic lifecycle strategies is that they consider past 

performance (relative to the retirement participants’ accumulated target or stock 

market returns) as being a crucial element in asset allocation decisions. These findings 

produce an important factor of portfolio choice decisions, not only for retirement plan 

participants, but also for investors with long-term investment horizons. The results 

provide useful suggestions for practitioners to redesign lifecycle funds in future.  
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The issue of the adequacy of retirement income is a major concern of policy-makers 

all over the world. This research is not limited to examining long-term investment in 

one or two counties like the US and the UK. By investigating seventeen major 

developed countries, it has the potential to draw a great deal of attention from policy-

makers in a number of nations. The study is informative for policy-makers in at least 

two aspects. Firstly, it confirms the importance of equity investment for ensuring 

economic benefits for future retirees. In addition, policy-makers may consider the 

optimal default investment option for future retirement participants. Secondly, since 

the current tax regimes vary across countries, retirement participants under an EET 

tax regime have more of an incentive to save, while others may need to contribute 

more to achieve their target retirement wealth outcomes. Hopefully, the results of this 

research will provide retirement planning guidance for individuals at various stages in 

their working lives with various levels of risk aversion and varying propensities to 

save in seventeen different countries. 

 

7.2 Limitations and future research 

 

Four issues related to this research need further investigation. Firstly, the results have 

undoubtedly been influenced by the large equity risk premium that stocks have 

outperformed bonds and bills historically over the last century in the seventeen 

sampled countries. Using long-run data for more than a hundred years ensures that the 

asset class results are not biased in a particularly favourable or unfavourable period. 

However, many academic researchers have argued that even a century of data may not 

be sufficiently adequate to predict the entire future possibilities; therefore, evaluating 

the potential fall in the equity premium on the appropriateness of asset allocation 

strategies in DC pension plans could be an area for future investigation.        

 

Secondly, the impact of transaction costs has been ignored in the analysis, since an 
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annual rebalancing of portfolios has been assumed. In terms of transaction costs, 

different asset allocation strategies may differ, and this would affect the results of this 

research. For instance, a 100 percent equity strategy with no rebalancing cost could 

have a relative advantage over a 50 percent stocks and 50 percent bonds strategy, the 

traditional lifecycle strategy, or even the two dynamic lifecycle strategies proposed in 

this study, all of which involve a substantial amount of transaction cost because of 

annual rebalancing. 

 

Thirdly, the role of human capital in asset allocation for retirement planning is an area 

for future consideration. If human capital is considered to be low risk and earnings are 

uncorrelated to the equity market for most retirement participants, they could 

reasonably be expected to prefer to hold more equity in their portfolio when they are 

young rather than when they are older. However, the riskiness of human capital and 

correlation of capital earnings and asset class returns is an ongoing debate among 

academic researchers. Therefore, the sensitivity of optimal asset allocation strategies 

for retirement participants under different assumptions about human capital could be 

an area for future investigation.  

 

Finally, the wealth income outside the retirement plan has not been considered in this 

research. This may be vital for individual planners, especially those with a higher 

level of income who have a substantial amount of savings outside their retirement 

accounts. The tax treatment of income derived from assets held outside the retirement 

plan could influence their investment decisions within the plan. Other factors such as 

home ownership are other key elements that deserve more attention, since this may 

have a significant influence on investors’ investment decisions and their retirement 

plan contributions. 
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