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By looking at columns 3 and 4, the reader will quickly see that the presence of the annuity does, indeed, offer some 
reduction in the number of trials that result in portfolio extinction. For example, for the conservative portfolio with no 
immediate annuity, almost 25 percent of the trials lead to failure at a 4.5 percent withdrawal rate after 25 years. After 
30 years, the failure rate is 67.4 percent. Yet if 25 percent of the portfolio is annuitized, those figures drop to 8.8 
percent and 46.7 percent, respectively. They fall to 1.3 percent and 18.7 percent when 50 percent of the portfolio is 
annuitized.9 
 
Similar increases in portfolio sustainability can be seen in the other portfolio. The balanced portfolio, with zero 
annuitization, fails in 23.7 percent of the trials after 30 years; with 25 percent and 50 percent of the portfolio 
annuitized, the 30-year failure rate falls to 14.9 percent and 5.5 percent, respectively. In the growth portfolio, the 
chances of failure fall from 12.6 percent over 30 years with zero annuitization to 7.8 percent with 25 percent 
annuitization to 3.3 percent with 50 percent annuitization. 
 
Notice that the reduction in uncertainty for the aggressive portfolio is accompanied by relatively modest drops in the 
mean terminal wealth after 40 years, from 6.17 times the original portfolio (with no annuity) to 5.44 (with 25 percent 
annuitized), to 4.72 times the original portfolio when half the portfolio is annuitized. There are, however, substantial 
drops in the standard deviation of terminal wealth as well: from 14.7 in the unannuitized case, to 10.9 with 25 percent 
annuitized, to 7.4 with 50 percent annuitized. In fact, while mean terminal wealth after 40 years falls by 24 percent 
(comparing the unannuitized case with the 50 percent annuitized case), the standard deviation of ending wealth falls 
by nearly 50 percent. Effectively, the retiree is trading the possibility of extremely large accumulated wealth levels for 
a greater degree of certainty that the portfolio can generate income throughout his or her lifetime. This leads to an 
interesting observation: By providing a stable source of income, the fixed life annuity can effectively substitute for the 
cash or bond part of a retiree’s portfolio. This may enable even very risk-averse retirees feel more secure about 
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investing their unannuitized assets more aggressively. 
 
Comparing the Historical and Monte Carlo Approaches 
 
Table 6 compares the results of the historical and Monte Carlo approaches to examining the sustainability of a 4.5 
percent withdrawal rate.10

 

 
 
At first glance, the results of the two analyses seem very different: For all of the portfolios and at all horizons, the 
historical analysis suggests that the failure rates are much higher than the Monte Carlo analysis in which there is no 
annuity. Here it must be remembered that the historical analysis is based on a unique pattern of events, in which the 
bear market of the mid-1970s and the high inflation of the late 1970s and early 1980s figure prominently. Whether 
these events will ever occur in the same way in the future is an open question; the Monte Carlo analysis reduces the 
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importance of this historical pattern. Note also that in the historical analysis, the failure rate for the aggressive portfolio 
is higher over the 30-year periods in the sample than it is over the 35-year periods. This result demonstrates an 
important weakness of the historical analysis: there are more rolling 30-year periods over the span 1946–1999 than 
35-year periods. Thus, the "sample" of 35-year periods does not include those periods beginning in the late 1960s, 
while the "sample" of 30-year periods does. Given the market performance in the early to mid-1970s, the result in the 
table is understandable. This again serves to highlight the important advantage of the Monte Carlo analysis: the 
Monte Carlo examination of the failure rates is based on the same number of independent trials for each time period. 
 
Despite the difference in the absolute level of the "failure rates" in the two analyses, both point to one conclusion: 
Portfolios with a significant stock market exposure had much higher probabilities of sustaining systematic withdrawals 
longer into retirement. In addition, the table clearly shows the significant improvement in the "failure rate" that the 
annuity provides: For all time periods and for all portfolios, the addition of the annuity leads to a decline in the portfolio 
failure rates. 
 
Discussion 
 
It appears that Bengen and Pye were substantially correct in their analysis of portfolio sustainability. For 30-year 
retirement periods, a 4.5 percent withdrawal rate succeeds more than 90 percent of the time only if the asset mix is 
very heavily weighted toward stocks. Retirees who select a more conservative (less stock-heavy) retirement mix might 
be able to achieve slightly more consistency if they expect a short retirement, but the probability of failure will be 
dramatically higher over time periods of 20 years or longer. 
 
Our analysis also shows that the 4.5 percent withdrawal factor can be sustained with more certainty, for longer time 
periods, by adding the risk-pooling characteristics of an immediate annuity to the overall retirement portfolio. In much 
the same way as asset classes are used to hedge financial risks, immediate annuities can be used to hedge longevity 
risk. It is important to note, however, that the pooling of longevity risk has consequences other than portfolio 
withdrawal stability. If the retiree dies early in the retirement years, after having purchased an immediate annuity, then 
the investment in the pool continues to pay other annuity holders rather than the retiree’s heirs. This opportunity cost 
should be assessed before any decision is reached regarding the structure of retirement portfolios.11 
 
In addition, the simple fact that the annuity dampens future uncertainty virtually guarantees that there will be less 
opportunity for the retiree portfolios to grow as large as in the unannuitized case. The presence of the pooling 
arrangement effectively compresses the tails of the distribution of future portfolio wealth—making it less likely that the 
investor will go broke, but also reducing the size of the accumulation that will be passed to heirs. 
 
Given the trend toward increased longevity and the possibility of major medical advances in the future, pooling the risk 
of longevity offers potential benefits that have not been captured by the tables presented here. While the portfolios 
that contained no annuities actually ran out of money in the years indicated in tables 1–5, the retirement portfolios that 
were 25 percent or 50 percent invested in annuities were still making income payments to the hypothetical retirees 40 
years after they left work. Even 50 or more years after retirement, the annuities would still be generating income for 
life, albeit on a noninflation-adjusted basis. 
 
Finally, we note that there are at least two important ways in which further analysis could extend the initial results 
presented here. First, we have not attempted to model the impact of taxes on the analysis. In some circumstances, 
the effect of taxes is a straightforward extension of our results. For example, if a client’s retirement assets were held 
entirely in qualified retirement plans, income received would just be lower by a percentage equal to the income tax 
rate.12 But if assets are held in nonqualified vehicles, the effects of both income taxes and capital gains taxes need to 
be considered. The interaction of these taxes may have important implications for both the level and sustainability of 
retirement income, optimal portfolio choices and the use of immediate and deferred annuities. It would be useful to 
examine these effects in much greater detail. 
 
Second, when discussing annuities in this article, we have focused exclusively on immediate annuities that pay a 
guaranteed, fixed level of income (noninflation-adjusted) for the life of the annuitant(s). While this type of fixed-income 
annuity may be what immediately comes to mind when one hears the word "annuity," other types of income-
generating life annuities are currently available to retirees. In particular, immediate variable annuities provide income 
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payments for life that periodically change (either up or down) to reflect the realized recent performance of whatever 
assets are held in the annuity’s asset pool.13 Variable immediate annuities based on stock market investments 
therefore allow annuitants to hedge their longevity risk without giving up exposure to the investment risks and returns 
of the stock market. Further analysis should certainly evaluate the usefulness of this type of immediate annuity as yet 
another tool to help retirees maximize their portfolio income. 
 
The debate over how best to determine, maximize and stabilize the amount of a portfolio that can be liquidated in 
retirement will certainly lead professional retirement planners toward a better understanding of the immediate annuity 
as investment variable. This, in turn, should lead to better recommendations, decisions and, perhaps, more 
prosperous retirements for the clients of financial advisors who will have to live with the many uncertainties of the 
future. 
 
Endnotes 

1.  William P. Bengen, "Determining Withdrawal Rates Using Historical Data," Journal of Financial Planning, 
January 1994, pp. 14–24. 

2.  Throughout the Bengen analyses, inflation rates were measured using changes in the consumer price index. 
3.  William P. Bengen, "Conserving Client Portfolios During Retirement, Part III," Journal of Financial Planning, 

December 1997, pp. 84–97. 
4.  See Figure 4 in Gordon B. Pye’s "Sustainable Investment Withdrawals," Journal of Portfolio Management, 

Summer 2000, pp. 73–83. Pye has subsequently extended his analysis to incorporate the effects of 
management expenses and taxation on sustainable withdrawals; see "Adjusting Withdrawal Rates for Taxes 
and Expenses," Journal of Financial Planning, April 2001, pp. 126–136. 

5.  Here, and in all subsequent analyses, no tax effects are calculated. 
6.  Note that in all analyses, we assumed that the portfolio has an annual expense of one percent a year. 
7.  The portfolio return data are almost certainly not normally distributed, so two-thirds is, at best, a rough 

approximation of variation around the mean. 
8.  This estimate is based on the average annuity rate (for 50 insurance companies) as reported in Comparative 

Annuity Reports, Vol. 21, Issue 12, December 2000. This publication reports that the average SPIA rate for a 
male, age 70, with a 10-year certain period, is $8.19 a month per thousand dollars annuitized. On an annual 
basis, this is equivalent to 9.828 percent of the annuitized amount. 

9.  The extinction percentages for these portfolios were calculated as of the time when it was no longer possible 
to take income equivalent to 4.5 percent (inflation-adjusted) of the original retirement portfolio, even though 
some income was being paid continuously. 

10.  We did not conduct the historical analysis for 40-year periods; we felt there were not enough rolling 40-year 
periods for a meaningful analysis. 

11.  Retirees who are nervous about putting their assets into the risk pool can elect for a period-certain payout of 
10 or 20 years. This effectively removes a portion of the annuity’s value from the risk pool and addresses risk 
in the most extreme cases of premature death. Because this option removes assets from the pool, it also 
generates somewhat lower payment amounts than the purchase of a "straight" life annuity without the period-
certain feature, especially at older ages. 

12.  Of course, this also assumes that a single income tax rate applies and is constant over time. 
13.  In their most basic form, these annuities operate by guaranteeing that some set share of the assets in the 

annuity pool will be distributed to each annuitant for life. However, because the value of the investments in the 
pool fluctuates, the value of the annuity payments (which are proportional to each annuitant’s share in the 
pool) also fluctuate. As a result, the annuitant hedges longevity risk (they will always get a payment), but not 
investment risk (the payment may go up or down, depending on how the assets perform). 
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