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Abstract
Glidepath, Lifestyle or Target Date Funds have emerged as the leading form for defined contribution funds in the US in recent years. Whilst there is theoretical support for this form of pension investment portfolio, many question its efficacy, when compared to holding a high percentage of equities throughout.
In this paper we present international evidence on the time diversification aspects of bond and equity returns over the last 100 years and show how this impacts our understanding of the appropriate asset composition of pension savings into retirement. For a sample of 13 developed countries since 1926 we examine the properties of equity and bond aggregate returns using variance ratio tests and find that equity markets show mean reversion, but bond markets possess mean aversion.	Comment by Tony Webb: Post abolition of capital controls, nobody actually invests in a single country. I suspect that there is more cross-country diversification to be had in stocks than in bonds. Is there a case for adding a cap-weighted global portfolio	Comment by Peter Smith: See new section 6	Comment by Peter Smith: Oops 7
In contrast to the existing literature which focusses on lifetime utility and wealth comparisons, we compare the accumulation and decumulation experiences of each country using the Perfect Contribution and Perfect Withdrawal Rates and find that the Glidepath changing asset allocation strategies are inferior to 100% equity portfolios, adding to the evidence which challenges the benefits of Target Date Funds.
Key words: Glidepath Funds; Target Date Funds; Lifestyle Funds; Mean Reversion; Perfect Withdrawal Rates; Perfect Contribution Rates; Monte Carlo.


Key Findings

Glidepath or Target Date Funds have emerged as the leading form for defined contribution pension funds in the US in recent years. This paper calls into question the efficacy of this choice when compared with holding a high percentage of equities throughout.
Equity returns are mean reverting and bond returns are mean averting according to analysis of variance ratio tests on a well-regarded dataset for 13 developed countries over 100 years.
Comparison of accumulation and decumulation experiences in each of these countries and for global portfolios of them all finds that Glidepath changing asset allocation strategies are inferior to 100% equity portfolios.
Perfect Contribution and Perfect Withdrawal Rates provide a useful metric for comparing pension saving outcomes. 



“We have got a model for cross-section diversification. We have to balance that with time-series diversification because when time diversification fails, cross-section diversification fails too …. The greatest reward comes from time diversification.”
 Myron Scholes, in Cao, Larry, (2016), Managing Multi-Asset Strategies, CFA Institute
1. Introduction
With the decline in defined benefit pension arrangements[footnoteRef:1]   in many countries, the onus for saving an appropriate amount for retirement has shifted from employers to individuals. But this is only half of the problem faced by pension savers who are today either partially, or completely reliant on defined contribution pension arrangements. For the member of a defined benefit pension scheme, the plan sponsor commits to paying a regular pension to the member, often with an inflation uplift, until their passing. But those relying on defined contribution pension pots must also decide for themselves how much to withdraw from their pension savings and bear the risk that their pension pot may run out before they do! This accelerating trend away from defined benefit pension provision to a world dominated by defined cContribution pension arrangements makes it all the more important that we develop ways of helping individual savers identify both the appropriate amount to be saving for their retirement and an appropriate withdrawal amount too. In this paper we consider both of these questions. [1:  For example, in 2012 11% of UK DB pension schemes were open; 41% were closed to future accrual. In 2023, only 4% of UK DB pension schemes were open; 72% were closed to future accrual (The Pensions Regulator, Occupational defined benefit (DB) landscape in the UK 2023, 20 February 2024).] 

[bookmark: _Hlk187408745]Much of popular investing wisdom is firmly of the opinion that savers should raise the percentage invested in ‘safe’ or at least ‘safer’ assets as they get older. This has led to the huge popularity of Target Date investment funds (TDFs), especially in the United States, (see Shoven and Walton, 2021), also known as lifestyle funds, originating with Fidelity in 1988 and still absorbing around one half of US personal saving[footnoteRef:2]. This recommendation comes not merely from financial folklore but also from a long-established academic tradition espoused by Nobel laureates and other leading researchers (e.g. see Bodie, Merton and Samuelson, 1992, Merton, 1969, 1971 amongst others). [2:  OECD (2024) provides a range of examples of lifestyle funds offered in a number of countries in addition to the US.] 

Such TDFs are typically structured around a ‘glidepath’ under which the individual fund is predominantly invested in higher return, higher risk equities whilst the individual is young reducing that proportion through later life in favour of ostensibly lower risk, primarily bonds. The economic motivation for this is the better ability of younger investors to withstand equity risk due to the large proportion of their total wealth which is in the form of low-risk human capital. The argument for this lifecycle pattern of equity holding was originally made by Merton (1971) developing the original Samuelson (1969a and b) and Merton (1969) models which suggested that consumer/investors should hold a constant share of the risky asset throughout their lifetime. The approach of Merton is developed in a more realistic form allowing for the uncertain nature of labour income and costs of participation in equity markets by Cocco et al (2005). 
However, when judging the attractiveness of alternative assets in a portfolio for long-term saving, we should be concerned with the properties of long-term returns.  A parallel literature to that on asset allocation concerns the long-term properties of asset returns. The question of whether, over long horizons, equity investors would want to maintain or maybe increase their holdings of equities can be examined empirically. A key aspect of this is the question of time diversification of returns. The literature has focussed on the relative volatility and mean reversion (or aversion) of equity, bond and other asset returns over long horizons. As the very influential Siegel (1994) points out “stocks, in contrast to bonds or bills, have never offered investors a negative real holding-period yield over 20 years or more” and that “the safest long-term investment has clearly been stocks, not bonds”. The evidence in Aked and Ko (2017) on volatility and Reichenstein and Dorset (1995) and Strong and Taylor (2001) on mean reversion in equity and mean aversion in bond returns for the US and UK supports the case for a larger portfolio share for equities. In this paper we provide evidence which also supports this view providing an alternative perspective to the lifecycle models discussed above. 
This discussion is related to that of the size of the long-term equity risk premium across countries. The discussion between a number of authors in Siegel and McCaffrey (2023) suggests a degree of agreement on the size of the equity risk premium in the United States at around 5% and that this estimate has not changed very much from discussions 20 years earlier. 
The stock market experience of the United States is most commonly discussed in the literature. The useable US data extends for less than 100 years and is susceptible to concerns over the impact of survivor bias (see Brown et al, 1995). Extending the limited sample of US returns to a range of countries offers the opportunity to provide a broader analysis less exposed to potential biases. Dimson et al (2021) provide estimates of a wide distribution of the long-term equity premium across a range of countries with Australia and the US at the high and Belgium and Italy at the low end.  In this paper we present international evidence across 13 countries on the time diversification aspects of bond and equity returns over the last 100 years and show how this impacts our understanding of the appropriate asset composition into retirement. And from this we can usefully comment on the empirical aspects of TDFs. In particular, we find no evidence that adding a glidepath strategy reduces the tail risk of a complete lifecycle approach compared to holding a fixed 100% stocks portfolio, adding to the increasing evidence of  Shiller (2005), Arnott et al (2013) and, more recently, Anarkulova et al (2023) and others that lifecycle investment advice should not be accepted without critical scrutiny. Anarkulova et al (2023) create a single multi-country sample whereas we prefer to present the range of individual country experiences, to emphasise both differences between country experiences but also commonalities. Both approaches are illuminating, in our view.
Rather than compare different investment strategies by calibrating their associated expected utility or lifetime wealth, (see Poterba et al, 2006), we compare them by measuring the empirical withdrawal rates; in particular, the so-called Perfect Withdrawal Rates, see Suarez et al (2015), Clare et al (2017), associated with each strategy. By examining the distribution of both contribution and withdrawal rates we can assess the best, worst and overall average experiences through a century of data for each of the 13 countries[footnoteRef:3]. [3:  A further alternative is to compare the level of assets accumulated after, say, 40 years. OECD (2024) Fig 4.8, p 87 shows that equity portfolios dominate synthetic fixed income and life cycle funds across all of a wide range of OECD countries for a period up to 2021. ] 

In this paper, we examine in Section 2 the proposition of de-risking through life and the guidance offered by TDFs in the decumulation phase following retirement. Issues of optimal portfolio choice in the working phase are complicated by the periodic contributions, mostly through labour income, made to retirement funds and are not addressed here. In Section 3 we review the international data for real equity and bond returns for 13 countries before exploring the time diversification properties of bond, equity and simple diversified portfolios. We find that stocks in a variety of international markets become less volatile as the holding period increases whereas international bonds behave in the opposite fashion. Stocks are mean reverting whereas bonds are mean averting. Also, over very long holding periods the volatilities of the two asset classes converge quite closely. Therefore, decumulation strategies holding just stocks offer the greatest average withdrawal rates but traditional 60-40 portfolios have less risk of the very worst outcomes. Using longer accumulation periods, the tail risk of stocks diminishes relative to 60-40 but retains better overall performance. This leads naturally to understanding the essential performance features of TDFs and the empirical assessment of how they perform relative to constant allocation strategies. We use the Perfect Withdrawal Rate (PWR) and Perfect Contribution Rate (PCR) concepts in making these comparisons rather than total accumulated wealth or utility. We show through the relationship between accumulation and decumulation rates that they should not be thought of as independent periods. The mean reversion effect of stocks is strong enough that the performance during the former has a direct bearing on the latter. We find no evidence that adding a glidepath strategy reduces the tail risk of a complete lifecycle approach compared to holding a fixed 100% stocks portfolio.
2. The Portfolio Share of Equities over the Lifecycle and the Performance of TDFs
Many studies have examined the wealth accumulation impact of various portfolio strategies through one’s working life. For example, Poterba et al (2006) examine how different asset allocation strategies over the course of a worker's career affect the distribution of retirement wealth and the expected utility of wealth at retirement. Interestingly, this paper considers both rules that allocate a constant portfolio fraction to various assets at all ages, as well as lifecycle rules that vary the mix of portfolio assets as the worker ages. Intriguingly the results suggest that the distribution of retirement wealth associated with typical lifecycle investment strategies is similar to that from age-invariant asset allocation strategies that set the equity share of the portfolio equal to the average equity share in the lifecycle strategies. This clearly argues against the need for time-varying or age dependent portfolio proportions. At modest levels of risk aversion, or in the presence of substantial accumulated pension wealth at retirement, the historical pattern of stock and bond returns implies that the expected utility of an all-stock investment allocation rule is greater than that from any of the more conservative strategies.
[bookmark: _Hlk187409182]Yet, Samuelson (1969) challenges the conventional wisdom that an investor with a long horizon should invest a larger fraction of her portfolio in risky assets because she has an opportunity to average returns over a longer period. This result is related to the earlier, more general observation by Samuelson (1963), that taking repeated identical uncorrelated risks augments the risk of the final outcome, rather than reducing it. This should be understood in the context of time diversification as mentioned above. In the context of the lifecycle portfolio selection problem, when returns on the risky asset are serially uncorrelated and there is no labour income, a rational investor should hold the same fraction of her portfolio in risky assets at all ages. And Merton (1969) derives similar results in the context of a lifetime dynamic optimization framework so beloved of many financial advisors.
However, the opposite conclusion is reached by other researchers suggesting a reduced equity proportion as one ages. Bodie, Merton, and Samuelson (1992) argue that younger investors have greater flexibility in their subsequent labour supply decisions, and that they should consequently be more tolerant of risk. They suggest that younger investors may rationally choose to hold a higher fraction of their portfolio in stock than older investors. Gollier (2001) and Gollier and Zeckhauser (2002) derive the conditions under which the option to rebalance a portfolio in the future affects portfolio choice. Their results suggest that under specific assumptions about the structure of utility functions, the optimal portfolio share devoted to equity will decline with age. Campbell and Viceira (2002) develop numerical solutions to dynamic models which can be used to study optimal portfolio structure over the lifecycle if shocks to labour income follow specific stochastic processes and investors have power utility. Cocco, Gomes, and Maenhout (2005) solve such a model in the presence of non-tradable labour income and borrowing constraints. They find that a lifecycle investment strategy that reduces the household’s equity exposure as it ages may be optimal depending on the shape of the labour income profile. More recently, Scott et al (2023), suggest that high-income workers (i.e. those likely experiencing wage growth) should spend all their income while young and low-income workers who receive high social security benefits should not save much for retirement at any age.
There is some debate over the impact of age and retirement on attitudes to risk. Dohmen et al., (2017) find evidence that people tend to become more risk averse as they age. However, this could also be related to their experiences of financial losses which negatively influence their forecasts of future returns as much as their attitudes to risk, see Nagel and Xu (2022). Moreover, more recently, Chen and Lu (2024) have found significant heterogeneity in the impact of retirement on risk aversion with women showing none of the reduced risk aversion of men. They also show a sensitivity of risk aversion to income which may explain earlier studies. Kesavayuth et al (2020) also find little evidence of changes with age of risk attitudes in financial matters.
[bookmark: _Hlk187410424]There have been increasing amounts of empirical research over the last 20 years or so pointing to patterns in household asset allocation suggesting at best weak reductions in equity exposure as households age. Gomes and Michaelides (2005) survey research on the correspondence between theoretical models of lifecycle asset allocation and empirical evidence on actual investment patterns. Ameriks and Zeldes (2004) and Poterba and Samwick (2001) present empirical evidence on how portfolio shares for stocks, bonds, and other assets vary over the lifecycle. The general conclusion is that equity shares decline very little at older ages, although Ameriks and Zeldes (2004) find some evidence that some households cash out their equity holdings when they reach retirement or annuitize their accumulated holdings in defined contribution accounts.
To cater to the perceived desire of investors to reduce their equity exposure as they age, and to help investors overcome the problems of inertia in retirement asset allocation that are documented by Samuelson and Zeckhauser (1988), many financial institutions have created lifecycle funds which are often designed for an investor with a target retirement date. Target Date (TDF) or Lifecycle funds were available from Fidelity Investments as early as 1988, and there were at least 250 target-year lifecycle funds in the mutual fund marketplace by 2005. By the measure in Shoven and Walton (2021), more than two thirds of the 977 funds that they identified in the US in 2020 were lifecycle funds. Several major mutual fund families now offer a sequence of different funds targeted to investors with different retirement dates. In some cases, the lifecycle fund is a “fund of funds” that invests in a mix of other mutual funds, while in other cases the fund manager holds a specific pool of assets and alters the asset mix as the fund ages.
An example of a widely held TDF is that offered by Vanguard group and presented in detail in Donaldson et al (2015). This shows a 50% investment of funds for retirement in equities upon retirement, reducing to 30% after a further 7 years. Both figures are significantly lower than the 90% investment in equities proposed for the first 15 years of working life followed by a glide down over the remaining 25 working years. In their case, Vanguard follow “the theoretical concept that equity allocations should decline with age to help manage risk through time”, Donaldson et al (2015, p4), as per the theoretical models. 
But the existence and popularity of TDFs has not been without controversy. The Global Financial Crisis of 2008-2009 saw a number of the largest TDFs aiming at a retirement in 2010 lose 30%+ of their value and attract the ire of US financial regulators. The popularity has also been driven by the disappearance of defined benefit (DB) pensions plans and their replacement by defined contribution (DC) plans, which move most of the risks associated with pension provision to the individual and away from the scheme sponsor and TDFs have emerged as the means by which many individuals change the composition of their portfolio of assets over their remaining lifetime. 
There is, however, a significant literature arguing the opposite case to Vanguard and the literature above, namely that investment should move from less to more aggressive over the lifecycle. After all, as Shiller (2005) observed, under some alternative assumptions which require a positive correlation over time between returns and labour income, it is optimal for young people to invest little in equities and to increase that proportion over their lifetime. Blanchett (2007) compares fixed asset allocations to a wide range of investment paths that reduce the allocation to equity during retirement. He finds that fixed asset allocations provide superior results compared to asset allocations which tend to reduce equity investments in retirement. Arnott, Sherrerd, and Wu (2013) argue that a reverse approach to the target-date fund glidepath with an increasing share of equities delivers greater terminal wealth levels for investors. They claim that this approach yields higher wealth levels than the traditional lifecycle approach even at the left tail of the wealth distribution.	Comment by Tony Webb: What are these assumptions	Comment by Peter Smith: See text
The lifecycle strategy, which is balanced equally between asset classes at the onset and decreases allocation to equity over time, performs better than more conservative strategies. It however underperforms its contrarian counterpart, the Reverse Lifecycle strategy, (see Arnott, Sherrerd, and Wu, 2013) which similarly begins with a balanced allocation to the two assets
 but increases its equity holdings over time. The reverse lifecycle also outperforms the balanced strategy as higher returns result in a larger retirement pot. This is a simple illustration of how portfolio outcomes are improved by increasing their asset allocation to equities in retirement or having an increasing equity glidepath, see also Shoven and Walton, (2021).	Comment by Tony Webb: Can you give intuition as to why? Presumably it is because more money is in the account at older ages	Comment by Peter Smith: See edit
It is clear then, that, despite the investment industry’s love affair with TDFs and the implied decrease in the equity share of the retirement portfolio, there is no universally accepted theoretically superior understanding of this concept: we are left with empirics to cast light on our understanding of this phenomenon.
3. Time Diversification and the Long Run Behaviour of Returns
We begin by examining the time-series behaviour of equity and bond indices for the last century for 13 countries, particularly focussing on the returns-volatility-holding period relations as a precursor to understanding the behaviour of portfolio returns, including target date /glidepath portfolio strategies versus ‘constant weight’ portfolio strategies. We extract values for stock return, bond returns and inflation for the thirteen 13 countries from the Jorda-Shularick-Taylor Macrohistory Database[footnoteRef:4] of which sources include Jorda et al (2017, 2019). The countries in our sample are Australia, Belgium, Denmark, Finland, France, Italy, Netherlands, Norway, Portugal, Sweden, Switzerland, United Kingdom and United States. Data runs from 1926 to 2020, inclusive, in order to maximise the number of countries which have complete information available and also to provide comparison with more reliable US bond returns. Reichenstein and Dorsett (1995) make the point that prior to 1926 US debt markets were substantially different with the federal government being small and that Treasury securities as currently known did not exist. Bessembinder et al (2024) raise questions about the reliability of stock return data for US in the 19th Century. The choice of this start date is therefore the result of a balance in arguments between a desire to extend the sample period in size as much as possible with an appreciation that economic structures have changed over time and our analysis should, as much as possible, take place using a common structure.[footnoteRef:5] All values reported throughout this paper are in real, price inflation adjusted terms and in local currency. [4:  Obtained from www.macrohistory.net/database. Due to missing data for three countries, we analyse 13 out of the 16 countries in the database. Our analysis starts in 1926 to avoid some early-year missing data and ends in 2020 at the end of the current release of the data.  ]  [5:  The accumulation and decumulation periods that we analyse also overlap over time. This is inevitable in order to provide as big a sample of periods as possible. Where we provide statistical inference, we adjust for the serial correlations that overlapping periods generate.] 

Table 1 reports summary returns for stocks, bonds and the typical mixed portfolio of 60% stocks and 40% bonds. Most countries conform to the traditional narrative of stocks having a higher return than bonds although Portugal is an outlier here with a fixed income return of around 1.4% greater than stocks. Typically, the 60-40 portfolios have a slightly lower return than stocks-only but considerably more than bonds. In the cases of Belgium and France, the 60-40 mix had a higher geometric average .return than either of the actual individual asset classes.	Comment by Tony Webb: I started off thinking off that this cannot be. But it can be, and the reason is interesting enough to warrant explaining	Comment by Peter Smith: We point out that we are looking at the geometric average returns. 
The time diversification literature challenges the wisdom of studying the relationship between return and risk, as measured by volatility, over relatively short periods such as monthly or annual observations and extrapolating this over much longer time frames. Many investors accumulate wealth over several decades and, if choosing to eschew an annuity purchase, remain participants in risky assets during the decumulation phase too. To this extent, the volatility they experience should perhaps be analysed over longer epochs than just a few months.
As an example, Aked and Ko (2017) demonstrate using the annualized volatility metric that overlapping US stock returns exhibit rising volatility when it is measured from 1-month to 1-year before it declines as the holding period extends to 5-years and 10-years. Annualized return volatility, or the annualized standard deviation of returns measured on a rolling t-year period, is most commonly calculated using the following formula, we apply the same approach here, albeit over longer time frames, where annualized return volatility is calculated as,
[bookmark: _Hlk214029317]
where, r is the return over a holding period of n years, from a sample of K, n-year periods.
Table 2 shows the volatilities for the thirteen countries over holding periods ranging from 1 to 40 years with the far-right column reporting the average relative to the 12-month volatility. For 5-year periods eleven of thirteen countries have experienced a decline in their volatility and when this is increased to 10-years only Italy remains as having a higher value relative to 1-year. The average volatility at this point is 75% of the reference value. As the holding period continues to lengthen the volatility falls to just half with 30-year time frames and declines further thereafter.
The contrast with bonds is stark, with 10-year holding periods the average volatility is 10% greater and this mostly trends higher as time is extended. The mean for 20-year and 30-year periods is 25% more than the comparable 1-year figure. Over 40-year holding periods the average volatility of bonds is higher than stocks casting doubt over the former’s traditionally accepted lower risk status. Perhaps unsurprisingly, the 60-40 portfolios typically behave a lot more like stocks-only, although volatility relative to one-year returns declines at a slower pace as holding periods are extended. At the 40-year level, the average volatility of 60-40 and 80-20these portfolios is much lower than both stocks and bonds and similar to that of stocks-only. .
Since Poterba and Summers (1988), mean reversion or aversion over long horizons is best analysed by variance ratios. As Reichenstein and Dorsett (1995) show, the variance ratio for an n-year return is defined as,

where,  and rt denotes the return in year t. Reported variance ratios are then adjusted for small-sample bias by dividing by the expected value of VR(n) which is given by,

where, N is the number of years in the sample, or 95 in this case.
If annual returns are i.i.d. distributed and are serially uncorrelated, then the variance of the n-year return should be n times that of the one-year return and hence the variance ratio should equal one. Values in excess of one indicate that returns are mean areverting whilst ratios below one are consistent with mean reaverting behaviour.	Comment by Tony Webb: Is this back to front?
	Comment by Peter Smith: This was wrong.
Table 3 reports variance ratios for the 13 countries in our sample with an average reported in the far-right column. Over 5-year holding periods for stocks a few countries show values above 1.00 but the mean is 0.86. As time frames are lengthened, however, the strength of mean reversion in stock returns becomes much more evident, as the literature has previously shown. It is only Italy that shows any evidence of mean averting behaviour on a consistent basis. By contrast, bonds behave in almost the exact opposite fashion. There is little obvious relationship for 5-year holding periods but as these lengthen the mean averting behaviour of bond returns becomes readily apparent. Average variance ratios in excess of 2.00 are recorded for 20-year time frames and longer. The 60-40 portfolios once again exhibit characteristics that a more consistent with stocks than bonds in that the tendency is for mean reversion, but this is much weaker than the former alone with the lowest average value observed at 0.83.	Comment by Tony Webb: How much of this is a new finding?	Comment by Peter Smith: Acknowledged
The takeaway from Tables 2 and 3, from the point of view of accumulating a retirement pot and subsequently decumulating it through drawdown, is that stocks are much less volatile when held for long periods than when observed over just one-year time frames. Bonds, however, are almost the polar opposite. Given the higher returns that stocks have generally afforded, this suggests investors should be more prepared to accept their risk relative to fixed income.
4. The Decumulation Journey
A key feature of our analysis is the use of withdrawal rates as a metric for comparing investment alternatives. We next examine the different phases of an investing journey starting with decumulation. Across the thirteen countries we use the Perfect Withdrawal Rate (PWR) approach described by Suarez et al (2015) and Clare et al (2017) to determine the relative merits of the three portfolios described previously. PWRs are the historical withdrawal rates possible if one decumulates from a real pot of wealth to leave a bequest of zero over a predefined time period of a certain number of years; in our example below this is 20 years. [footnoteRef:6] (The construction of the PWR and PCR are explained in the Appendix). Although many studies use a decumulation period of 30 years, as in Bengen (1994), a more realistic choice for a 65-year old UK male is 20 years (Office for National Statistics, 2025) and this has  the additional important attribute of expanding  the sample of retirement periods as much as possible. 	Comment by Tony Webb: I would put the footnote in parentheses in the body of the paper. It is important and people don’t read footnotes.	Comment by Peter Smith: Done [6: ] 

Table 4 reports summary statistics for 20-year PWR values for the various markets for the period 1926-2020, with the last period starting in 2000. As one would expect based on Table 1, stocks have the highest average withdrawal rates whether the mean or median is used. Typically, these are around half a percent higher than for a 60-40 portfolio or other portfolio shares and over two percent greater than bonds only. Also, we note the very large variation between countries’ maximum and minimum values for withdrawal rates. The 100% stock portfolio for Portugal has the lowest minimum withdrawal rate over the whole period of 1.21%, while Denmark’s lowest is over 7%. Similarly, the maximum values are also highly variable with Italy experiencing one period of 29.11% yet Switzerland only 13.71%. The 100% bond portfolios were similarly very variable though not as extreme as the 100% stock portfolios.
The argument against a full allocation to stocks is the tail risk of having a much lower withdrawal rate than a diversification which includes some fixed income. We found in Table 2 that over 20-year holding periods stock volatility declined considerably compared to 1-year time frames but that it was still over 30% higher than comparable bond volatility[footnoteRef:7]. This is borne out when one considers the minimum PWRs in Table 4. Nine of the thirteen countries have a lower minimum stock PWR compared to a bond PWR, and all bar Belgium are below that of a 60-40 portfolio with other portfolio share choices in between. It should also be noted that the average minimum of 60-40 is higher than that of bonds suggesting the latter is a poor investment choice when considered alone regardless. When one moves up to the first quartile of PWRs, stocks have a higher average PWR relative to bonds of around one percent and little difference with that of 60-40 portfolios. As one moves further up the distributions from this point onwards the dominance of stocks asserts itself. The risk preference of the individual will determine whether they feel the extra performance of stocks over many of the outcomes is enough to compensate for the higher tail risk. [7:  We note that not all the initial pot is invested over a full 20 years during a drawdown phase as withdrawals are made along the way but it serves as an approximate comparison for our purposes here.] 

5. The Accumulation Phase
The precursor to the decumulation phase of lifecycle investing is the accumulation phase. We next investigate this using Perfect Contribution Rates (PCR) in the context described by Clare et al (2025). A PCR is the annual percentage of income put aside in order to accumulate a target lifetime savings if one had perfect foresight of investment returns. Such accumulation periods are typically longer than drawdown phases, so we consider 40-year PCRs. Table 5 reports the PCRs for the thirteen countries, and it should be noted that, in contrast to PWRs, a higher value is less desirable, i.e. one has to contribute more annually in order to achieve the same final investment pot. The tail risk is thus in the maximum values.
Consistent with Table 1, stocks on average provide the lowest mean and median contribution rates, 60-40 portfolios are a few basis points higher whilst bonds are typically more than double. Indeed, bonds have much higher PCRs regardless of where in the distribution one makes the comparison. Of particular interest, though, is the maximum values. On average, the maximum PCR for stocks is 0.90% compared to 0.95% for 60-40, 1.0% for 50-50 and 1.69% for bonds. The tail risk of stocks has now disappeared in aggregate thanks to the combination of higher returns and the lower annualized volatility described in Table 1. There are, however, still four countries (France, Italy, Norway and Portugal) for which the maximum PCR was lower when adopting 60-40 versus stocks and one for bonds versus stocks (France).
6. Combining and Connecting Accumulation and Decumulation: The Perfect Retirement Ratio
The lifetime journey involves both saving (accumulation) and spending (decumulation) and in this section we combine the accumulation and decumulation phases together. Clare et al (2025) show that for the example of the UK, the equity market as an investment portfolio should not be considered independently from decumulation since there was a strong positive relationship between the 40-year PCR and subsequent 20-year PWR. This indeed is a feature for the other countries in the sample although is, as yet, largely unnoticed in the literature.
Figure 1 displays an example from our sample using Netherlands equity data. The mean reversion effect, described earlier in this paper, is sufficiently strong with stocks that an above-average accumulation phase (in terms of percentage of income as contributions) increases the probability of lower-than-average decumulation phase and vice versa. Deciding how much to take annually during a withdrawal phase without considering the conditions that preceded it may well be sub-optimal. Table 6 shows the simple statistical relationship between PCR and PWR for the range of countries. All show a strongly significant positive relationship but the size of the relation between PCR on PWR varies from small values for France and Norway amongst other European countries and the largest values for Finland and the United States. This does not have to mean only looking at the prior PCR. Previous research by Blanchett et al (2014) and Clare et al (2017) showed, for instance, that the starting CAPE ratio has an impact on retirement-income strategies. Outsized equity returns that have led to below average PCRs are likely to be consistent with inflated CAPEs that suggest increased probability of lower returns going forward.
Table 7 reports the ratio of the PWR20 to the prior PCR40 period[footnoteRef:8] for the thirteen countries in the sample. We call this the Perfect Retirement Ratio (PRR) and as the ratio of a withdrawal rate to the preceding contribution rate, we interpret a higher value as ‘better’ than a lower one, i.e. withdrawing ‘more’ and contributing ‘less’. Firstly, we observe that there is substantial variation in these values both within a country’s history and across the range of nations considered. Drawing conclusions about savings and withdrawal rates from one stock market and then assuming they will be applicable to one or more others appears fraught with danger based on this. [8:  We report in this way to give a figure which is both greater than one and, where larger is more favourable.] 

We are now looking at very long holding periods and unsurprisingly, given the evidence presented earlier, the outperformance of stocks relative to bonds is very marked. The worst outcomes for stocks in some countries are higher than the best outcomes for bonds. In Table 1 we observed that in Portugal bonds had a higher return than stocks, when one looks at the minimum PRR in each case, though, stocks actually do better. The mean reversion of equities versus the mean aversion of bonds has been allowed to persist for such a length of time that the former now has less tail risk.
Stocks also perform much better than 60-40 portfolios in aggregate with the mean and median PRR around 50 compared to sub-30 for the latter. The tail risk associated with stocks has also largely gone with all the minimum PRRs being greater than their 60-40 equivalents except for Portugal.  All the minimums are also higher than every bond PRR equivalent.

7. Global Portfolio Returns
The analysis thus far considers returns for those investing in their own domestic markets. The final columns of Tables 1 – 7 present results for a global investor. We assume that this investor is based in the US and therefore calculate real returns subtracting US consumer price inflation from nominal returns. The global return to any asset is computed as a weighted average of the returns to that asset across the 13 economies that we examine. The weights are calculated as follows: in the case of equities, we use the value of the stock market in each country expressed in US dollars; these values are from Kuvshinov and Zimmermann (2022), updated to 2020. For the value of government bonds, we use the values computed by Jorda et al (2017) and updated in their most recent database. The bond market is assumed to be half of the total public debt in each country, since there are no data on the market shares of bonds and bills (only for total public debt) over the full sample. These values are also expressed in US dollars. 

Calculating returns in US dollars increases their volatility as fluctuations with nominal exchange rate changes add variation, as can be seen in Tables 1 and 2. This is especially clear for bond returns. The relative volatility over a variety of horizons for the global portfolio is similar to that of the US and a number of other countries. The increase in volatility of bond returns over longer horizons is particularly evident; 40-year volatility being more than 50% higher than for the one-year return. This is also evident in the variance ratios. The decline in the ratio for stocks is greater for the global portfolio than for the average of the 13 countries and the increase in the ratio for bonds similarly more elevated. These results reinforce the conclusion we draw from the country-level results that stock returns show mean-reverting and bond returns show mean-averting behaviour. 

PWR values for the global portfolio show patterns similar to the US and many other countries. The global PWR for stocks is centred higher than for bonds and, whilst being more variable, has a higher minimum value, this not being more susceptible to tail risk. In the case of the PCRs, consistent with individual country results in Table 5, global stocks on average provide the lowest mean and median contribution rates. These are somewhat higher for the global investor than for the US-only case, especially for bonds, reflecting the variety of behaviours for the various country returns. In Table 7 the global PRR retirement ratios demonstrate, if anything, an even greater disparity between the performance of stocks and any portfolio containing bonds. There is also no sign of tail risk concerns for stock-only returns. The relative performance of the global portfolios and those for the US domestic-only investor remain present as the variety of performance of individual country returns and the impact of exchange rate variability play a role. 


8. Changing asset allocations? Glidepath and Target Date Funds
Up to this point we have only considered static asset allocations whereas as we discussed earlier, many retirement plans are Target Date Funds (TDF). These follow a glidepath whereby an initial heavily weighted equity portfolio gradually shifts into bonds as age increases and risk-tolerance decreases. As mentioned above, the evidence in terms of their effectiveness is somewhat mixed with Arnott et al (2013) and Estrada (2014) demonstrating that reverse strategies would have been more beneficial to investors though they have not been analysed in terms of their ability to sustain withdrawals. That said, they remain a very popular style of allocating assets.
The distinction between “through retirement” glidepaths and “to retirement” glidepaths is often made and indeed should be made clear in any analysis, whether theoretical or empirical (see Erickson and Cunniff, 2015). Target-date fund glidepaths, which represent a planned progression of asset allocation changes over time, differ in that some continue to change allocations past the point of retirement (“through retirement” glidepaths), while others stop changing allocations once retirement is reached (“to retirement” glidepaths).  Erickson and Cunniff (2015) assert that “through retirement” glidepaths are more commonly used in the industry and represent the most effective solution for those wishing to save for retirement, and for those wishing to save for and withdraw income during retirement using target-date funds’’. They suggest that “to retirement” glidepaths may offer the potential for more effective downside risk protection, while “through retirement” glidepaths may allow for greater savings at retirement and an increased likelihood of maintaining income throughout retirement. Here we use the latter form of TDF.
Table 8 displays the results of PRRs (the ratio of the PWRs to the preceding PCRs) using a glidepath strategy whereby 100% is invested in stocks for the first thirty years and then decreases by 2% annually, linearly for the remainder of the sixty-year period including all of the decumulation phase. We adopt this stylised TDF asset allocation rather than any particular commercial choice (e.g. Vanguard) as there is no common commercial offer across all of the countries we examine. In terms of the overall lifetime experience we observe that there is little overall difference in the outcomes of the glidepath compared to a fixed stocks-only portfolio. The overall PRR is slightly lower compared to the static allocation but given that a large equity weighting is maintained during the period of time when invested capital is still generally high means there is only minimal loss of return. Switching away from stocks is presumably to try and reduce the tail risk but we find that the minimum PRR is lower for the glidepath in seven of thirteen countries and that this number increases to nine when one compares the first quartile values. Whilst this is only a simple glidepath strategy, and that perhaps other shapes might prove more productive, we conclude that it adds nothing to a static 100% stock portfolio.

9. Conclusion
In this paper we have studied the time diversification of stock and bond returns for thirteen countries in the context of lifecycle investing. We observed that stock volatility declines substantially as holding periods increase whereas bond volatility moves in the opposite direction. The effect is so large that over very long time periods there is not a great deal of difference between their respective values. Stocks exhibit mean reverting behaviour as evidenced by variance ratios whereas bonds are mean averting. The traditional 60-40 portfolio behaves more like stocks than bonds with annualized volatility declining as holding periods lengthen and returns mean reverting although this is relatively weak.
We applied these findings to measures for retirement phases. The aggregate Perfect Withdrawal Rate for decumulation over twenty-year periods was found to be considerably higher for stocks than bonds but there was less tail risk if one held a 60-40 portfolio. Next, we considered forty-year accumulation periods using the Perfect Contribution Rate metric. Stocks were once again the best performer but the longer holding period resulted in much of the tail risk relative to 60-40 disappearing, presumably as a result of the declining volatility described earlier.
Finally, we combine the two phases and use the Perfect Retirement Ratio to analyse performance over the lifetime. We make the point that given the mean reversion highlighted in stock returns, it is less than optimal to consider accumulation and decumulation as separate phases. A period of above average stock returns during the former is likely to coincide with a low PCR and increase the probability of a lower PWR in the decumulation phase. Withdrawal rates should thus make reference to past return behaviour, whether this is using a CAPE ratio or some other metric. This is particularly important given that we found remaining 100% invested in stocks was the best strategy even when a time varying asset allocation method such as a glidepath was introduced.
Unlike most research in this area this paper does not focus mainly on the distribution of balances in retirement saving accounts under various assumptions about the asset allocation strategies that investors choose, but rather on the withdrawal rate possibilities. In addition to a range of age-invariant strategies, such as an all-bond, an all-stock strategy and the popular 60-40, we also examine a representative lifecycle fund that automatically alters the investor’s mix of assets as he or she ages, reducing the equity share. Certainly, from our descriptive statistics the distribution of retirement wealth associated with the typical lifecycle investment strategy is similar to that from age-invariant asset allocation strategies as indeed are the withdrawal possibilities.
2
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Appendix
(a) The Perfect Withdrawal Rate









As is shown, Suarez et al (2015) and Clare et al (2017), during the decumulation period, we assume that the individual takes an amount in income from their retirement savings pot every period  of their retirement, made up of  periods. They start their retirement journey with an amount which was saved during their working life. The retirement savings pot will reduce over time but also be augmented by the rate of return in year in annual percent in any period  up until the end of retirement at the end of period  when savings are . Formally, decumulates as follows:


We solve equation (A2) for w to get:



The perfect withdrawal amount (PWA), can also be expressed as a percentage of the initial retirement savings pot as the Perfect Withdrawal Rate. In the case with no bequests: 

	
Clare at al (2017) provides a discussion of the properties of the PWR. 
(b) The Perfect Contribution Rate







Following the same logic, we term the ideal accumulation path as the Perfect Contribution Rate (PCR). During the accumulation period, we assume that the individual saves an amount every period  of their working life, made up of  periods. They start their savings journey with an amount which could be zero. Savings accumulate over the working life through further contributions and from the returns in any period  up until the point of retirement at the end of period  when savings are . 





The Perfect Contribution Rate is, then, the value , expressed as a percentage of the final balance, which generates the retirement savings pot , given perfect foresight of the string of returns  over the working life. 



If initial starting savings are zero, 

	





	Table 1
	

	Summary Real Compound Annual Returns in Local Currency
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	Stocks
	8.97
	6.74
	9.68
	12.38
	6.03
	8.71
	8.36
	7.44
	4.62
	10.60
	6.87
	8.64
	8.76
	7.42

	Bonds
	4.97
	5.71
	5.71
	7.12
	5.43
	6.23
	3.92
	4.65
	5.98
	5.33
	3.33
	5.08
	4.00
	2.74

	60-40
	7.80
	6.89
	8.59
	11.22
	6.40
	8.69
	7.22
	6.92
	5.97
	9.09
	5.88
	7.61
	7.37
	5.95

	80-20
	8.46
	6.92
	6.45
	9.22
	11.96
	6.32
	8.19
	8.86
	7.90
	7.29
	5.45
	9.96
	8.16
	6.75

	50-50
	7.41
	6.81
	5.55
	8.22
	10.74
	6.36
	7.27
	8.49
	6.80
	6.67
	6.14
	8.59
	6.91
	5.49

	20-80
	6.05
	6.28
	4.32
	6.84
	8.83
	5.96
	6.06
	7.40
	5.23
	5.60
	6.24
	6.77
	5.29
	3.94


Annualised mean monthly returns in real terms adjusting for consumer price inflation. Global returns in USD, adjusted for US consumer price inflation.
	[bookmark: _Hlk210829786]Table 2
	

	Annualized Volatilities for Stocks and Bonds
	

	Volatility Period (Years)
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Relative Average
	Global

	Stocks
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	18.94
	26.87
	19.40
	30.46
	25.54
	32.06
	23.98
	23.69
	31.51
	22.79
	20.61
	21.62
	19.81
	1.00
	18.56

	5
	14.14
	24.51
	15.27
	27.31
	25.66
	31.98
	23.48
	18.18
	34.82
	19.94
	17.61
	17.14
	18.20
	0.90
	16.22

	10
	10.55
	18.82
	11.59
	19.98
	22.28
	34.44
	20.42
	14.74
	27.31
	16.27
	14.42
	15.76
	16.69
	0.75
	15.16

	15
	9.79
	15.18
	10.40
	16.74
	19.00
	35.35
	17.45
	15.09
	21.04
	15.76
	13.65
	16.58
	16.78
	0.69
	14.87

	20
	7.66
	16.87
	10.56
	16.25
	20.28
	35.16
	16.46
	15.29
	18.88
	15.54
	12.38
	15.76
	14.73
	0.67
	13.03

	30
	6.55
	12.26
	9.83
	10.96
	16.20
	29.24
	9.03
	15.13
	13.61
	12.50
	7.41
	11.66
	7.04
	0.50
	6.60

	40
	5.36
	11.14
	9.18
	9.06
	13.37
	18.64
	7.15
	13.27
	12.46
	11.83
	5.13
	10.02
	5.41
	0.41
	5.68

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bonds
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	8.27
	8.40
	9.52
	8.56
	10.70
	9.49
	7.88
	6.61
	12.92
	9.53
	4.62
	11.10
	9.09
	1.00
	9.49

	5
	8.58
	8.17
	9.06
	8.70
	11.82
	8.11
	7.37
	7.84
	15.01
	9.11
	4.05
	10.70
	8.17
	0.99
	11.80

	10
	10.34
	8.11
	10.85
	9.55
	11.94
	8.86
	8.54
	9.53
	15.96
	10.76
	3.45
	12.74
	8.94
	1.10
	13.67

	15
	11.50
	8.54
	12.21
	9.71
	12.83
	9.36
	9.97
	10.44
	16.55
	12.20
	3.32
	14.80
	10.13
	1.20
	14.64

	20
	12.19
	8.53
	13.04
	8.73
	13.23
	9.29
	11.03
	10.85
	16.81
	13.44
	3.42
	16.26
	11.07
	1.25
	15.05

	30
	12.91
	8.17
	13.08
	4.33
	13.52
	8.48
	11.97
	11.36
	16.25
	14.46
	3.42
	17.55
	12.09
	1.25
	15.95

	40
	11.81
	7.46
	11.69
	4.60
	12.93
	7.51
	11.27
	9.84
	14.78
	13.20
	3.11
	16.06
	10.98
	1.14
	14.83

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	11.71
	17.20
	11.81
	18.46
	16.61
	19.61
	14.33
	13.79
	20.69
	13.95
	12.35
	15.22
	11.83
	1.00
	11.89

	5
	9.64
	15.50
	10.95
	16.83
	18.15
	20.82
	14.05
	12.00
	23.57
	12.77
	10.51
	12.42
	10.78
	0.94
	11.57

	10
	8.31
	12.60
	10.13
	13.03
	16.57
	22.71
	12.79
	11.93
	19.69
	11.72
	8.52
	12.28
	9.96
	0.85
	11.81

	15
	8.51
	11.48
	10.48
	11.31
	15.38
	23.72
	11.42
	13.20
	16.73
	12.64
	8.16
	13.33
	10.28
	0.84
	11.83

	20
	7.96
	12.42
	11.25
	10.73
	16.37
	23.40
	11.32
	13.95
	15.98
	13.51
	7.58
	13.46
	9.30
	0.84
	10.76

	30
	7.54
	10.37
	11.41
	6.53
	14.69
	18.38
	8.55
	14.84
	12.89
	13.43
	5.04
	12.16
	5.38
	0.72
	8.43

	40
	6.95
	9.17
	10.94
	5.90
	12.89
	10.22
	7.13
	13.30
	10.98
	12.91
	3.69
	10.74
	4.17
	0.61
	7.82


[bookmark: _Hlk214029615]Table 1
where, r is the return over a holding period of n years, from a sample of K, n-year periods.[image: ]


	
Table 2 (continued)
	

	Annualized Volatilities for Stocks and Bonds
	

	Volatility Period (Years)
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Relative Average
	Global

	80-20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	15.02
	21.69
	16.31
	15.26
	24.16
	20.77
	18.17
	25.49
	18.82
	18.41
	25.64
	18.00
	15.48
	1.00
	14.90

	5
	11.60
	19.66
	13.91
	12.88
	21.77
	21.68
	14.52
	26.34
	18.45
	14.86
	28.69
	16.01
	14.14
	0.91
	13.48

	10
	9.05
	15.42
	11.34
	10.67
	16.18
	19.24
	13.71
	28.60
	16.25
	13.21
	22.90
	13.64
	12.93
	0.79
	13.02

	15
	8.73
	13.12
	10.78
	10.33
	13.67
	17.07
	14.59
	29.65
	13.99
	14.13
	18.21
	13.86
	13.10
	0.75
	12.84

	20
	7.35
	14.46
	9.87
	10.83
	13.18
	18.22
	14.22
	29.40
	13.43
	14.67
	16.73
	14.22
	11.55
	0.73
	11.33

	30
	6.44
	11.27
	6.12
	10.61
	8.56
	15.44
	11.56
	23.83
	8.42
	15.18
	12.43
	12.87
	5.47
	0.58
	6.94

	40
	5.67
	10.09
	4.31
	10.16
	7.35
	13.13
	10.04
	14.41
	6.72
	13.54
	10.69
	12.40
	3.95
	0.48
	6.26

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	50-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	10.31
	15.18
	10.50
	10.41
	15.83
	14.80
	13.96
	16.92
	12.34
	11.73
	18.56
	12.25
	10.33
	1.00
	10.68

	5
	8.90
	13.65
	8.93
	10.17
	14.59
	16.58
	11.60
	18.11
	12.08
	10.75
	21.37
	11.43
	9.41
	0.96
	10.96

	10
	8.22
	11.39
	7.22
	10.00
	11.70
	15.38
	11.84
	19.75
	11.33
	11.35
	18.48
	11.05
	8.85
	0.89
	11.57

	15
	8.67
	10.77
	6.94
	10.63
	10.39
	14.65
	13.01
	20.70
	10.49
	12.73
	16.38
	12.25
	9.29
	0.90
	11.72

	20
	8.49
	11.53
	6.53
	11.49
	9.73
	15.55
	13.39
	20.36
	10.62
	13.53
	15.95
	13.32
	8.65
	0.92
	10.91

	30
	8.33
	9.95
	4.57
	11.78
	5.62
	14.34
	12.70
	15.67
	8.85
	14.52
	13.42
	13.71
	5.94
	0.81
	9.44

	40
	7.74
	8.77
	3.46
	11.23
	5.25
	12.78
	11.32
	8.19
	7.58
	13.00
	11.55
	13.10
	4.88
	0.70
	8.81

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	7.83
	10.22
	5.83
	8.41
	9.43
	11.02
	11.39
	10.43
	8.07
	7.04
	13.93
	9.12
	8.05
	1.00
	8.84

	5
	7.97
	9.35
	4.99
	8.85
	9.34
	12.90
	10.34
	10.53
	7.72
	8.10
	16.45
	9.00
	7.33
	1.01
	10.71

	10
	9.03
	8.73
	4.04
	10.18
	9.14
	12.67
	11.74
	11.37
	8.50
	9.98
	16.28
	10.24
	7.69
	1.07
	12.24

	15
	10.04
	9.14
	3.94
	11.39
	8.97
	13.08
	13.41
	12.05
	9.32
	11.29
	16.23
	11.86
	8.61
	1.15
	12.86

	20
	10.57
	9.38
	3.98
	12.34
	8.05
	13.68
	14.49
	11.69
	10.09
	12.01
	16.43
	13.22
	9.05
	1.20
	12.84

	30
	11.04
	8.78
	3.59
	12.68
	3.71
	13.58
	15.20
	8.65
	10.42
	12.94
	15.26
	14.33
	9.16
	1.16
	13.13

	40
	10.21
	7.82
	3.07
	11.71
	3.99
	12.68
	13.83
	4.25
	9.54
	11.41
	13.64
	13.35
	8.22
	1.03
	12.26


where, r is the return over a holding period of n years, from a sample of K, n-year periods.[image: ]

	[bookmark: _Hlk210829986]Table 3
	

	Variance Ratios for Stocks and Bonds
	

	Variance Period (Years)
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Average
	Global

	Stocks
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.61
	0.89
	0.67
	0.86
	1.05
	1.04
	1.01
	0.64
	1.24
	0.82
	0.78
	0.68
	0.89
	0.86
	0.81

	10
	0.37
	0.58
	0.42
	0.52
	0.87
	1.26
	0.83
	0.46
	0.86
	0.60
	0.57
	0.62
	0.81
	0.68
	0.76

	15
	0.34
	0.42
	0.37
	0.40
	0.69
	1.40
	0.66
	0.52
	0.58
	0.60
	0.55
	0.73
	0.87
	0.63
	0.79

	20
	0.23
	0.55
	0.41
	0.41
	0.84
	1.50
	0.64
	0.57
	0.51
	0.63
	0.50
	0.71
	0.74
	0.63
	0.66

	30
	0.20
	0.36
	0.43
	0.23
	0.67
	1.30
	0.25
	0.67
	0.33
	0.50
	0.22
	0.48
	0.22
	0.45
	0.22

	40
	0.18
	0.38
	0.48
	0.21
	0.59
	0.74
	0.20
	0.67
	0.36
	0.58
	0.14
	0.46
	0.17
	0.40
	0.21

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bonds
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	1.12
	0.99
	0.95
	1.08
	1.26
	0.77
	0.92
	1.45
	1.38
	0.96
	0.80
	0.97
	0.85
	1.04
	1.58

	10
	1.70
	1.04
	1.42
	1.37
	1.37
	0.97
	1.30
	2.24
	1.65
	1.40
	0.62
	1.44
	1.08
	1.35
	2.21

	15
	2.23
	1.22
	1.90
	1.51
	1.67
	1.15
	1.86
	2.85
	1.88
	1.89
	0.62
	2.04
	1.46
	1.71
	2.69

	20
	2.68
	1.32
	2.32
	1.33
	1.91
	1.22
	2.43
	3.31
	2.09
	2.45
	0.70
	2.62
	1.86
	2.02
	3.05

	30
	3.57
	1.45
	2.79
	0.41
	2.38
	1.23
	3.40
	4.31
	2.34
	3.36
	0.84
	3.60
	2.63
	2.48
	4.07

	40
	3.85
	1.55
	2.88
	0.58
	2.79
	1.24
	3.87
	4.19
	2.51
	3.61
	0.90
	3.90
	2.79
	2.67
	4.53

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.72
	0.86
	0.91
	0.88
	1.23
	1.17
	1.01
	0.80
	1.32
	0.88
	0.77
	0.71
	0.88
	0.93
	0.99

	10
	0.58
	0.62
	0.83
	0.58
	1.10
	1.45
	0.90
	0.84
	1.01
	0.80
	0.55
	0.74
	0.80
	0.83
	1.10

	15
	0.64
	0.56
	0.95
	0.47
	1.03
	1.67
	0.77
	1.09
	0.80
	0.98
	0.54
	0.93
	0.91
	0.87
	1.17

	20
	0.61
	0.69
	1.16
	0.46
	1.24
	1.76
	0.82
	1.30
	0.79
	1.20
	0.50
	1.01
	0.81
	0.95
	1.06

	30
	0.66
	0.59
	1.43
	0.21
	1.21
	1.35
	0.57
	1.75
	0.63
	1.42
	0.27
	1.00
	0.34
	0.88
	0.79

	40
	0.72
	0.60
	1.69
	0.22
	1.21
	0.58
	0.52
	1.82
	0.60
	1.68
	0.19
	1.01
	0.26
	0.85
	0.87


 divided by  where  and rt denotes the return in year t, N the number of years in the sample, or 95 in this case.



	Table 3 (continued)
	

	Variance Ratios for Stocks and Bonds
	

	Variance Period (Years)
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Average
	Global

	80-20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.64
	0.87
	0.78
	0.76
	0.87
	1.13
	0.69
	1.11
	1.01
	0.70
	1.28
	0.84
	0.88
	0.89
	0.87

	10
	0.43
	0.59
	0.56
	0.57
	0.53
	0.97
	0.66
	1.36
	0.85
	0.60
	0.91
	0.66
	0.79
	0.73
	0.86

	15
	0.42
	0.47
	0.54
	0.57
	0.42
	0.83
	0.79
	1.55
	0.68
	0.73
	0.64
	0.73
	0.87
	0.71
	0.90

	20
	0.33
	0.60
	0.50
	0.67
	0.42
	1.00
	0.81
	1.64
	0.68
	0.84
	0.59
	0.82
	0.74
	0.74
	0.76

	30
	0.30
	0.45
	0.24
	0.77
	0.22
	0.88
	0.66
	1.35
	0.34
	1.07
	0.40
	0.82
	0.21
	0.59
	0.36

	40
	0.30
	0.47
	0.15
	0.90
	0.21
	0.83
	0.64
	0.68
	0.28
	1.10
	0.39
	0.97
	0.14
	0.54
	0.37

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	50-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.79
	0.86
	0.77
	1.00
	0.90
	1.29
	0.74
	1.19
	1.00
	0.89
	1.35
	0.92
	0.87
	0.97
	1.10

	10
	0.72
	0.65
	0.54
	1.03
	0.63
	1.19
	0.81
	1.48
	0.94
	1.04
	1.10
	0.91
	0.83
	0.91
	1.29

	15
	0.85
	0.62
	0.54
	1.23
	0.54
	1.16
	1.04
	1.72
	0.87
	1.38
	0.94
	1.18
	0.97
	1.00
	1.41

	20
	0.88
	0.76
	0.51
	1.54
	0.51
	1.40
	1.18
	1.79
	0.96
	1.67
	0.96
	1.49
	0.91
	1.12
	1.33

	30
	1.01
	0.69
	0.31
	1.93
	0.21
	1.44
	1.28
	1.32
	0.81
	2.28
	0.84
	1.89
	0.53
	1.12
	1.21

	40
	1.12
	0.69
	0.23
	2.25
	0.24
	1.48
	1.31
	0.49
	0.77
	2.37
	0.80
	2.21
	0.46
	1.11
	1.35

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	1.08
	0.88
	0.77
	1.15
	1.03
	1.41
	0.87
	1.06
	0.96
	1.37
	1.43
	1.02
	0.87
	1.07
	1.51

	10
	1.46
	0.82
	0.54
	1.60
	1.04
	1.44
	1.17
	1.31
	1.23
	2.16
	1.49
	1.38
	1.02
	1.28
	2.06

	15
	1.91
	0.96
	0.55
	2.11
	1.08
	1.64
	1.61
	1.56
	1.56
	2.93
	1.58
	1.95
	1.35
	1.60
	2.42

	20
	2.27
	1.08
	0.61
	2.65
	0.94
	1.92
	2.01
	1.59
	1.96
	3.54
	1.74
	2.58
	1.60
	1.88
	2.60

	30
	2.94
	1.14
	0.59
	3.33
	0.25
	2.27
	2.63
	1.07
	2.49
	4.87
	1.81
	3.59
	1.96
	2.23
	3.24

	40
	3.24
	1.16
	0.56
	3.66
	0.37
	2.54
	2.81
	0.34
	2.69
	4.91
	1.87
	4.01
	2.03
	2.32
	3.63


 divided by  where  and rt denotes the return in year t, N the number of years in the sample, or 95 in this case.


	[bookmark: _Hlk210830263]Table 4
	

	20-Year Perfect Withdrawal Rates
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	Stocks
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	6.45
	2.74
	7.31
	3.29
	3.10
	3.49
	3.87
	5.14
	1.21
	5.02
	4.63
	5.32
	4.25
	4.97

	Q1 (%)
	8.94
	6.63
	8.81
	9.96
	5.52
	6.58
	7.65
	7.03
	5.59
	9.02
	6.98
	8.37
	7.70
	6.96

	Median (%)
	10.05
	8.42
	9.61
	12.72
	8.34
	9.84
	10.28
	8.60
	7.75
	11.04
	9.23
	9.86
	10.50
	9.13

	Mean (%)
	10.37
	9.07
	10.44
	12.59
	8.28
	11.40
	10.26
	9.19
	8.00
	11.32
	8.94
	10.56
	10.27
	9.13

	Q3 (%)
	11.70
	10.77
	11.63
	14.94
	10.72
	15.41
	13.05
	10.61
	9.33
	12.97
	10.76
	11.95
	12.83
	10.86

	Max (%)
	16.44
	18.30
	20.70
	23.21
	17.29
	29.11
	18.46
	19.18
	24.00
	22.81
	13.71
	25.87
	16.25
	14.64

	St Dev (%)
	2.06
	3.25
	2.39
	2.35
	3.63
	3.31
	3.33
	6.03
	3.46
	2.87
	3.73
	3.44
	3.02
	4.97

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bonds
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	5.35
	6.02
	5.99
	7.10
	4.38
	5.83
	4.51
	5.63
	4.59
	4.80
	6.05
	4.01
	5.20
	3.51

	Q1 (%)
	6.50
	6.89
	6.95
	7.88
	6.22
	7.25
	5.66
	6.31
	5.72
	6.66
	6.37
	5.86
	5.86
	4.70

	Median (%)
	7.13
	7.41
	7.56
	8.98
	7.26
	7.89
	7.03
	7.14
	6.95
	7.47
	6.67
	7.54
	6.90
	5.39

	Mean (%)
	7.81
	7.97
	8.34
	9.31
	7.76
	8.43
	7.03
	7.62
	8.04
	7.99
	6.80
	7.87
	7.20
	6.28

	Q3 (%)
	8.59
	8.55
	9.13
	10.42
	9.23
	9.28
	8.13
	8.12
	10.33
	9.12
	7.03
	9.53
	7.96
	8.03

	Max (%)
	12.37
	12.47
	15.35
	13.20
	13.02
	12.30
	10.52
	11.62
	14.42
	12.14
	8.66
	13.86
	12.53
	11.52

	St Dev (%)
	1.89
	1.52
	2.09
	1.64
	2.09
	1.61
	1.46
	1.69
	2.82
	1.97
	0.56
	2.35
	1.63
	3.51

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	6.88
	4.90
	7.25
	5.31
	4.16
	4.79
	5.69
	5.94
	2.61
	6.69
	5.65
	6.26
	5.79
	5.09

	Q1 (%)
	8.31
	7.14
	8.35
	10.59
	6.07
	7.60
	7.39
	6.94
	6.21
	8.49
	7.21
	8.03
	7.72
	6.55

	Median (%)
	8.97
	8.37
	9.24
	11.62
	8.59
	10.29
	8.90
	8.21
	7.78
	9.70
	8.26
	8.97
	9.22
	7.78

	Mean (%)
	9.56
	8.88
	9.87
	11.90
	8.40
	10.83
	9.27
	8.90
	8.44
	10.29
	8.30
	9.67
	9.24
	8.11

	Q3 (%)
	10.41
	10.21
	10.78
	13.08
	10.13
	13.72
	11.04
	10.48
	9.85
	11.14
	9.39
	10.76
	10.83
	9.75

	Max (%)
	14.67
	16.11
	18.57
	19.73
	15.73
	22.34
	15.63
	16.65
	21.48
	18.19
	11.89
	21.33
	13.50
	13.51

	St Dev (%)
	1.66
	2.36
	2.13
	2.44
	2.72
	4.13
	2.26
	2.32
	3.34
	2.54
	1.47
	2.59
	1.88
	5.09

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	




 whereis retirement income, was saved during working life, is the rate of return, decumulation is overyears. 

Table 4 (continued)

	20-Year Perfect Withdrawal Rates
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	80-20
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	6.72
	3.76
	5.22
	7.48
	4.30
	3.64
	5.93
	4.13
	4.80
	5.58
	1.84
	5.86
	5.04
	5.07

	Q1 (%)
	8.76
	6.87
	7.12
	8.61
	10.33
	5.70
	8.28
	7.02
	7.43
	7.19
	6.09
	9.15
	7.69
	6.81

	Median (%)
	9.57
	8.59
	8.80
	9.48
	12.34
	8.60
	9.48
	10.24
	9.75
	8.44
	7.86
	10.29
	10.01
	8.17

	Mean (%)
	10.01
	9.02
	8.66
	10.20
	12.34
	8.39
	10.15
	11.22
	9.82
	9.11
	8.29
	10.86
	9.79
	8.65

	Q3 (%)
	11.13
	10.56
	10.13
	11.30
	14.11
	10.55
	11.33
	14.85
	12.13
	10.70
	9.58
	11.78
	11.93
	10.36

	Max (%)
	15.43
	17.23
	12.84
	19.73
	21.75
	16.57
	23.66
	26.32
	17.09
	18.02
	23.19
	20.56
	13.88
	14.09

	St Dev (%)
	1.81
	2.79
	1.92
	2.22
	3.03
	3.02
	2.91
	5.14
	2.82
	2.59
	3.54
	2.95
	2.39
	2.24

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	50-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	6.92
	5.51
	5.80
	7.12
	5.80
	4.43
	6.19
	5.13
	6.12
	6.10
	3.04
	6.82
	6.13
	4.98

	Q1 (%)
	8.06
	7.14
	7.07
	8.15
	10.58
	6.08
	7.82
	7.63
	7.27
	6.88
	6.19
	8.24
	7.64
	6.18

	Median (%)
	8.73
	8.22
	8.04
	9.02
	11.37
	8.46
	8.69
	10.12
	8.56
	8.15
	7.98
	9.19
	8.80
	7.59

	Mean (%)
	9.31
	8.78
	8.09
	9.67
	11.60
	8.37
	9.41
	10.56
	8.96
	8.76
	8.47
	9.96
	8.93
	7.82

	Q3 (%)
	10.44
	9.98
	8.94
	10.51
	12.60
	9.97
	10.48
	13.09
	10.48
	10.26
	9.78
	11.00
	10.10
	9.26

	Max (%)
	14.24
	15.53
	11.38
	17.92
	18.53
	15.27
	20.14
	20.01
	14.85
	15.90
	20.34
	16.98
	13.38
	13.20

	St Dev (%)
	1.64
	2.16
	1.25
	2.10
	2.16
	2.58
	2.47
	3.60
	2.02
	2.20
	3.23
	2.38
	1.69
	1.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	6.25
	6.49
	6.16
	6.64
	7.16
	4.80
	4.89
	6.14
	5.53
	6.09
	4.46
	5.59
	6.12
	4.39

	Q1 (%)
	7.25
	7.08
	6.93
	7.51
	9.18
	6.34
	6.91
	7.59
	6.70
	6.63
	5.91
	7.37
	6.91
	5.10

	Median (%)
	7.81
	7.69
	7.21
	8.15
	10.17
	7.78
	8.05
	9.32
	7.43
	7.86
	7.25
	8.21
	7.35
	6.57

	Mean (%)
	8.45
	8.36
	7.36
	8.93
	10.39
	8.09
	8.53
	9.43
	7.87
	8.15
	8.32
	8.84
	7.93
	6.92

	Q3 (%)
	9.75
	9.07
	7.52
	10.02
	11.57
	9.81
	9.84
	11.05
	9.09
	8.81
	10.04
	10.21
	8.60
	8.42

	Max (%)
	12.77
	13.73
	9.78
	15.77
	14.39
	13.76
	16.42
	13.77
	12.33
	13.41
	16.06
	13.30
	12.92
	12.23

	St Dev (%)
	1.73
	1.68
	0.70
	2.06
	1.59
	2.22
	2.31
	2.04
	1.54
	1.86
	2.95
	2.05
	1.50
	1.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	







whereis retirement income, was saved during working life, is the rate of return, decumulation is overyears.
	[bookmark: _Hlk210830765]Table 5
	

	40-Year Perfect Contribution Rates
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	Stocks
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.14
	0.15
	0.09
	0.02
	0.20
	0.04
	0.08
	0.13
	0.19
	0.04
	0.25
	0.08
	0.14
	0.23

	Q1 (%)
	0.19
	0.26
	0.13
	0.07
	0.33
	0.21
	0.18
	0.20
	0.48
	0.08
	0.34
	0.10
	0.20
	0.34

	Median (%)
	0.21
	0.36
	0.15
	0.11
	0.59
	0.33
	0.22
	0.38
	0.66
	0.10
	0.41
	0.18
	0.24
	0.39

	Mean (%)
	0.23
	0.43
	0.19
	0.10
	0.76
	0.34
	0.24
	0.51
	0.84
	0.13
	0.42
	0.19
	0.23
	0.42

	Q3 (%)
	0.27
	0.58
	0.24
	0.13
	1.12
	0.49
	0.28
	0.71
	0.83
	0.20
	0.49
	0.22
	0.26
	0.47

	Max (%)
	0.46
	1.05
	0.43
	0.18
	2.28
	0.69
	0.42
	1.59
	2.74
	0.29
	0.64
	0.59
	0.40
	0.72

	St Dev (%)
	0.07
	0.23
	0.09
	0.04
	0.53
	0.18
	0.08
	0.38
	0.62
	0.07
	0.11
	0.10
	0.05
	0.12

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bonds
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.35
	0.40
	0.25
	0.26
	0.34
	0.31
	0.54
	0.42
	0.28
	0.30
	0.90
	0.28
	0.46
	0.62

	Q1 (%)
	0.40
	0.49
	0.32
	0.31
	0.41
	0.37
	0.61
	0.49
	0.36
	0.35
	0.99
	0.34
	0.57
	0.75

	Median (%)
	0.52
	0.58
	0.43
	0.33
	0.66
	0.54
	0.86
	0.65
	0.63
	0.57
	1.16
	0.51
	0.75
	1.22

	Mean (%)
	0.77
	0.72
	0.60
	0.35
	0.84
	0.59
	1.11
	0.88
	0.93
	0.76
	1.15
	0.80
	1.01
	1.65

	Q3 (%)
	1.19
	0.97
	1.02
	0.40
	1.30
	0.78
	1.73
	1.31
	1.44
	1.29
	1.30
	1.27
	1.55
	2.72

	Max (%)
	1.44
	1.29
	1.24
	0.62
	1.74
	1.00
	2.29
	1.74
	3.27
	1.41
	1.50
	2.41
	2.03
	3.72

	St Dev (%)
	0.41
	0.27
	0.35
	0.08
	0.49
	0.23
	0.58
	0.43
	0.73
	0.44
	0.17
	0.60
	0.52
	0.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.20
	0.21
	0.12
	0.04
	0.23
	0.08
	0.17
	0.17
	0.25
	0.08
	0.39
	0.12
	0.24
	0.37

	Q1 (%)
	0.23
	0.29
	0.17
	0.10
	0.29
	0.22
	0.28
	0.23
	0.36
	0.12
	0.48
	0.17
	0.32
	0.43

	Median (%)
	0.27
	0.39
	0.19
	0.13
	0.57
	0.33
	0.34
	0.40
	0.48
	0.16
	0.55
	0.22
	0.36
	0.64

	Mean (%)
	0.33
	0.48
	0.27
	0.13
	0.70
	0.32
	0.39
	0.56
	0.68
	0.24
	0.57
	0.29
	0.38
	0.69

	Q3 (%)
	0.40
	0.67
	0.41
	0.15
	1.07
	0.41
	0.48
	0.86
	0.71
	0.41
	0.64
	0.41
	0.42
	0.82

	Max (%)
	0.70
	1.07
	0.60
	0.19
	1.73
	0.59
	0.73
	1.43
	2.41
	0.52
	0.81
	0.97
	0.60
	1.35

	St Dev (%)
	0.12
	0.24
	0.15
	0.04
	0.46
	0.13
	0.16
	0.37
	0.53
	0.15
	0.11
	0.17
	0.09
	0.29







 whereis saved income, is final savings pot, is the rate of return, accumulation is overyears

	Table 5 (continued)
	

	40-Year Perfect Contribution Rates
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	80-20
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.17
	0.17
	0.31
	0.10
	0.03
	0.22
	0.09
	0.05
	0.11
	0.14
	0.27
	0.05
	0.18
	0.30

	Q1 (%)
	0.21
	0.28
	0.39
	0.14
	0.08
	0.30
	0.13
	0.21
	0.23
	0.21
	0.41
	0.09
	0.25
	0.38

	Median (%)
	0.24
	0.37
	0.45
	0.16
	0.11
	0.57
	0.20
	0.34
	0.27
	0.37
	0.53
	0.12
	0.29
	0.47

	Mean (%)
	0.27
	0.45
	0.48
	0.22
	0.11
	0.72
	0.23
	0.31
	0.30
	0.52
	0.72
	0.17
	0.29
	0.53

	Q3 (%)
	0.31
	0.62
	0.55
	0.31
	0.13
	1.05
	0.29
	0.41
	0.33
	0.76
	0.67
	0.28
	0.32
	0.57

	Max (%)
	0.56
	1.05
	0.70
	0.50
	0.18
	1.95
	0.74
	0.57
	0.55
	1.48
	2.51
	0.38
	0.41
	0.97

	St Dev (%)
	0.08
	0.23
	0.11
	0.12
	0.04
	0.49
	0.12
	0.15
	0.11
	0.37
	0.54
	0.11
	0.05
	0.18

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	50-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.22
	0.23
	0.44
	0.14
	0.06
	0.24
	0.14
	0.11
	0.21
	0.19
	0.25
	0.10
	0.27
	0.40

	Q1 (%)
	0.25
	0.31
	0.54
	0.18
	0.11
	0.30
	0.19
	0.23
	0.30
	0.26
	0.33
	0.13
	0.34
	0.47

	Median (%)
	0.31
	0.41
	0.60
	0.20
	0.15
	0.56
	0.24
	0.34
	0.39
	0.43
	0.48
	0.20
	0.42
	0.74

	Mean (%)
	0.37
	0.51
	0.62
	0.30
	0.14
	0.70
	0.34
	0.33
	0.46
	0.58
	0.69
	0.29
	0.44
	0.79

	Q3 (%)
	0.47
	0.70
	0.71
	0.47
	0.17
	1.08
	0.47
	0.41
	0.60
	0.91
	0.80
	0.50
	0.52
	1.03

	Max (%)
	0.78
	1.09
	0.89
	0.65
	0.21
	1.66
	1.12
	0.62
	0.87
	1.41
	2.40
	0.60
	0.74
	1.62

	St Dev (%)
	0.15
	0.24
	0.12
	0.17
	0.04
	0.45
	0.20
	0.13
	0.19
	0.38
	0.53
	0.18
	0.13
	0.36

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min (%)
	0.29
	0.32
	0.68
	0.20
	0.14
	0.29
	0.21
	0.26
	0.39
	0.30
	0.26
	0.19
	0.40
	0.51

	Q1 (%)
	0.31
	0.39
	0.75
	0.25
	0.20
	0.35
	0.26
	0.32
	0.44
	0.36
	0.31
	0.22
	0.45
	0.61

	Median (%)
	0.41
	0.51
	0.91
	0.30
	0.22
	0.61
	0.37
	0.38
	0.62
	0.54
	0.54
	0.38
	0.59
	1.00

	Mean (%)
	0.56
	0.61
	0.88
	0.44
	0.23
	0.76
	0.56
	0.44
	0.76
	0.72
	0.79
	0.51
	0.72
	1.23

	Q3 (%)
	0.85
	0.84
	1.00
	0.75
	0.25
	1.18
	0.84
	0.51
	1.19
	1.08
	1.11
	0.91
	1.02
	1.84

	Max (%)
	1.11
	1.19
	1.20
	0.92
	0.36
	1.66
	1.76
	0.80
	1.48
	1.46
	2.79
	0.97
	1.38
	2.70

	St Dev (%)
	0.27
	0.26
	0.14
	0.26
	0.04
	0.46
	0.38
	0.15
	0.37
	0.40
	0.62
	0.31
	0.31
	0.68







 whereis saved income, is final savings pot, is the rate of return, accumulation is overyears 

	Table 6

	The Relationship between 40 Years Perfect Contribution Rate and Subsequent 20 Year Perfect Withdrawal Rate for Stocks

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	3.99
	5.90
	8.05
	2.20
	6.52
	4.80
	3.98
	7.07
	2.19
	9.09
	0.142
	6.79
	-1.27

	
	(5.19)
	(5.35)
	(9.85)
	(7.70)
	(4.78)
	(6.27)
	(2.55)
	(5.33)
	(2.40)
	(6.75)
	(0.32)
	(4.44)
	(1.22)

	

	29.48
	8.46
	16.33
	110.86
	3.00
	15.59
	28.41
	4.68
	6.09
	23.51
	20.39
	27.31
	52.80

	
	(12.44)
	(3.53)
	(2.65)
	(31.21)
	(3.03)
	(5.64)
	(6.65)
	(3.65)
	(10.23)
	(1.87)
	(17.32)
	(4.14)
	(10.04)

	
Model estimated , t-statistics based on Newey-West robust standard errors shown in brackets.




	Table 7
	

	Perfect Retirement Ratios: 40 Years Accumulation, 20 Years Decumulation
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	Stocks
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	35.14
	11.77
	28.75
	111.32
	5.54
	19.30
	32.29
	8.62
	5.16
	39.73
	18.17
	35.91
	34.97
	15.43

	Q1
	40.81
	14.77
	42.39
	122.67
	5.87
	21.34
	35.41
	10.64
	6.58
	54.41
	19.29
	44.05
	43.58
	17.97

	Median
	50.27
	22.24
	74.67
	140.40
	10.14
	30.08
	46.62
	15.79
	8.67
	116.89
	20.59
	80.66
	46.44
	20.81

	Mean
	48.57
	23.34
	61.80
	137.59
	12.06
	53.49
	47.45
	19.01
	9.38
	100.61
	20.75
	78.84
	46.49
	20.63

	Q3
	56.26
	31.80
	78.71
	149.70
	17.17
	74.16
	59.24
	25.85
	12.33
	138.78
	21.79
	106.02
	51.23
	22.86

	Max
	58.85
	36.75
	82.89
	173.95
	23.40
	142.12
	65.69
	37.69
	13.12
	157.13
	24.15
	121.96
	53.82
	25.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bonds
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	5.35
	6.97
	6.72
	24.01
	4.48
	8.87
	3.33
	4.88
	3.78
	5.27
	5.00
	4.14
	3.76
	1.76

	Q1
	5.82
	7.31
	8.88
	27.32
	5.10
	9.33
	4.16
	5.11
	4.12
	5.88
	5.06
	5.65
	4.39
	1.96

	Median
	9.47
	10.87
	17.83
	28.53
	8.78
	13.01
	6.61
	7.50
	8.29
	9.75
	5.51
	12.81
	7.05
	3.54

	Mean
	11.49
	11.40
	17.46
	29.31
	10.22
	14.32
	7.00
	9.12
	9.96
	12.20
	5.75
	13.66
	7.84
	4.31

	Q3
	17.76
	15.44
	26.47
	31.80
	15.19
	19.38
	9.53
	13.44
	15.55
	18.27
	6.31
	21.39
	11.28
	6.53

	Max
	20.40
	16.89
	27.68
	33.04
	18.93
	22.26
	12.12
	15.64
	19.91
	23.80
	7.05
	25.10
	13.42
	8.50

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60-40
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	11.98
	8.70
	13.51
	53.77
	5.02
	19.25
	11.69
	5.73
	5.60
	14.97
	8.84
	11.85
	12.85
	6.79

	Q1
	16.27
	10.68
	22.20
	59.98
	6.41
	23.74
	13.81
	7.40
	7.68
	17.90
	9.94
	20.09
	17.28
	7.58

	Median
	28.88
	14.36
	45.91
	70.15
	9.27
	28.87
	17.71
	11.70
	11.11
	38.03
	11.68
	38.76
	21.18
	10.28

	Mean
	27.62
	17.55
	38.60
	77.97
	12.56
	36.71
	21.16
	15.09
	14.17
	42.25
	12.06
	39.74
	20.87
	11.20

	Q3
	37.66
	23.81
	53.31
	80.21
	17.61
	41.08
	25.67
	21.41
	19.84
	62.59
	13.17
	58.70
	22.63
	14.80

	Max
	45.41
	32.49
	60.01
	182.00
	33.46
	79.53
	47.03
	33.42
	29.26
	104.64
	18.26
	65.69
	35.37
	16.62

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Perfect Retirement Ratio (PRR) = Ratio of the 20-year Perfect Withdrawal Rate (PWR20) to the preceding 40-year Perfect Contribution Rate (PCR40).


	Table 7 (continued)
	

	Perfect Retirement Ratios: 40 Years Accumulation, 20 Years Decumulation
	

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA
	Global

	80-20
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	26.05
	11.43
	15.13
	22.83
	97.56
	5.95
	25.20
	23.71
	22.85
	8.56
	5.76
	28.27
	28.62
	10.32

	Q1
	28.89
	13.56
	16.00
	33.52
	106.45
	6.23
	31.56
	25.21
	24.52
	9.76
	7.70
	36.85
	30.57
	11.76

	Median
	41.84
	20.27
	17.28
	62.25
	120.94
	10.67
	63.54
	29.70
	36.48
	15.29
	9.05
	76.19
	33.90
	14.78

	Mean
	39.28
	21.69
	17.57
	53.39
	121.41
	12.86
	59.36
	45.69
	34.99
	18.91
	11.68
	73.13
	33.36
	15.27

	Q3
	47.56
	29.09
	18.96
	72.60
	130.77
	18.24
	79.28
	58.54
	45.27
	26.38
	16.24
	101.05
	35.62
	18.93

	Max
	50.47
	34.69
	21.09
	74.87
	159.89
	25.55
	89.58
	106.02
	47.36
	38.89
	18.66
	124.78
	38.33
	19.87

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	50-50
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	15.66
	10.25
	10.68
	15.34
	69.44
	5.94
	13.78
	24.15
	12.25
	7.71
	5.70
	15.99
	14.48
	5.47

	Q1
	16.27
	11.34
	11.10
	22.00
	74.99
	6.34
	17.72
	25.62
	13.15
	8.06
	6.87
	19.49
	15.04
	6.02

	Median
	25.88
	16.84
	12.17
	42.58
	82.87
	10.72
	39.88
	27.55
	20.13
	13.11
	10.32
	37.41
	19.43
	8.57

	Mean
	26.63
	18.13
	12.55
	38.94
	85.31
	12.92
	36.21
	31.67
	20.47
	16.44
	13.42
	41.12
	19.67
	9.57

	Q3
	37.10
	24.16
	13.93
	56.06
	92.42
	18.48
	52.05
	33.34
	27.69
	23.68
	20.02
	58.97
	24.05
	13.02

	Max
	38.66
	28.74
	15.46
	58.93
	109.00
	25.65
	54.91
	53.58
	30.52
	33.39
	24.19
	77.10
	25.81
	15.08

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20-80
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	8.39
	8.45
	6.95
	9.61
	41.56
	5.23
	6.90
	15.46
	5.81
	6.13
	4.73
	8.42
	6.67
	2.84

	Q1
	8.98
	8.79
	7.11
	13.19
	43.91
	5.76
	9.15
	16.74
	6.66
	6.28
	5.20
	9.69
	7.07
	3.03

	Median
	14.58
	13.21
	7.80
	26.18
	47.94
	9.83
	20.52
	19.45
	10.48
	9.84
	9.76
	17.07
	10.50
	5.00

	Mean
	16.56
	14.06
	8.11
	25.14
	48.65
	11.65
	20.58
	20.01
	11.02
	12.19
	12.20
	20.61
	11.36
	5.94

	Q3
	24.70
	18.94
	8.99
	37.63
	53.30
	17.00
	31.85
	23.02
	14.97
	17.92
	18.89
	30.38
	15.47
	8.68

	Max
	27.35
	21.53
	10.01
	39.44
	56.55
	22.39
	34.74
	26.19
	17.96
	22.87
	23.42
	40.37
	17.72
	10.97

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Perfect Retirement Ratio (PRR) = Ratio of the 20-year Perfect Withdrawal Rate (PWR20) to the preceding 40-year Perfect Contribution Rate (PCR40).


	Table 8

	Perfect Retirement Ratios with a Glidepath: 40 Years Accumulation, 20 Years Decumulation, 
Glidepath Decreases Equity by 2% Linearly After 30 Years

	
	AUS
	BEL
	DNK
	FIN
	FRA
	ITA
	NLD
	NOR
	PRT
	SWE
	SWI
	UK
	USA

	Glidepath
	
	
	
	
	
	
	
	
	
	
	
	
	

	Min
	33.62
	11.96
	26.19
	103.82
	6.02
	23.32
	29.40
	8.72
	7.45
	35.63
	17.90
	32.38
	37.18

	Q1
	37.81
	14.09
	39.96
	120.34
	6.31
	25.20
	33.51
	10.81
	9.14
	48.76
	18.70
	43.51
	41.90

	Median
	49.27
	20.20
	73.44
	132.84
	9.81
	30.62
	44.46
	15.14
	10.65
	97.68
	19.40
	79.28
	43.51

	Mean
	47.98
	23.01
	61.28
	135.94
	12.69
	60.53
	44.70
	19.38
	11.92
	95.76
	19.83
	75.99
	43.87

	Q3
	56.87
	30.64
	79.80
	142.45
	17.81
	82.11
	56.60
	26.89
	14.88
	137.35
	20.66
	99.92
	46.50

	Max
	60.53
	39.07
	85.14
	191.33
	26.45
	169.22
	59.95
	39.34
	16.63
	163.19
	22.99
	115.07
	48.93


Perfect Retirement Ratio (PRR) = Ratio of 20-year Perfect Withdrawal Rate (PWR20) to preceding 40-year Perfect Contribution Rate (PCR40) with assumed investment glidepath
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