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. The portfolio management rule provides modest benefits to withdrawal rates when high probabilities of
success are desired. (Additional testing showed that its application also lowered the chance of failure by
nearly 20 percent—from 6 percent to 5 percent—at the initial withdrawal rates tested.)

. The inflation rule provides noticeable benefits with all portfolios and probabilities of success.

. Both versions of the withdrawal rule provide significant benefits; however, the modified withdrawal rule
introduced above generates about 60 percent fewer freezes. Thus, we use the modified rule for the
remainder of the paper.

. Using all three decision rules increases the maximum initial withdrawal rate 30—43 percent at a given
probability of success over applying no decision rules at all.

Analysis of Failed Simulations

Even with these improvements in the probabilities of success, we grew increasingly curious about the scenarios
that failed. Specifically, we wondered:

. What patterns could be found in the nature and timing of the failures we observed?

. Is there an easily recognizable situation when a retiree's portfolio should be considered in jeopardy?

. Once such a situation is recognized, is there a systematic decision rule that would have a high probability
of rescuing the portfolio and sustaining the retiree's income stream for the remainder of the 40-year time
horizon?

We analyzed the failures for initial withdrawal rates with at least a 90 percent probability of success to determine
the year in which the portfolio ran out of money. Breaking the 40-year horizon into four 10-year periods revealed
that no failures occurred in the first decade, approximately 20 percent of failures took place in the second
decade, nearly 55 percent occurred in the third decade, and about 25 percent came in the fourth decade. This
made intuitive sense, and we make these observations:

. Failures are most likely to occur when there are abnormally adverse investment returns or inflation rates—
either in magnitude or a prolonged duration (or both!)—relatively early in retirement. This, of course,
describes the retiree's perfect storm.

. To further reduce the possibility of failure at a given initial withdrawal rate, a retiree must be willing to
reduce their portfolio withdrawals under certain circumstances, rather than merely freeze them as required
by the withdrawal rule.

. Positive circumstances could also arise permitting a retiree to increase their withdrawals in excess of
annual inflation.

These observations make it tempting to recommend that retirees begin withdrawals "cautiously”; that is, to scale
them back in the first five to ten years of retirement to be sure that they don't encounter conditions that could
ultimately cause their initial withdrawal rate to prematurely exhaust their portfolio. Retirees who enjoy such an
option should keep in mind the improvements that starting their portfolio withdrawals below the maximum rate
(before later accelerating to that level) can bring to their long-term financial security, even as they consider how
this may affect how they spend their time in retirement.

But most retirees—even if they do enjoy this option—desire a lifestyle that includes levels of travel, hobbies, and
other activities that are not conducive to an approach that advocates starting by spending less and increasing
withdrawals later if conditions are favorable.

It is frequently suggested that once retirees move through their so-called active phase of retirement, their income
needs decline in real dollar terms. But real-life client experiences, coupled with dramatically rising health care
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costs and uncertainty about possible reductions in Social Security benefits, make us unwilling to consider the
possibility of such natural reductions in a retiree's income needs.

Portfolio Rescue

Mindful of all this, we introduce the capital preservation rule (CPR). This decision rule is triggered when some
combination of adverse conditions has caused the retiree's withdrawal rate to approach levels that threaten their
ongoing income stream. The capital preservation rule determines the conditions and prescribes the withdrawal
adjustment designed to resuscitate a portfolio in hopes of sustaining it throughout the remainder of the 40-year
retirement horizon:

. The capital preservation rule applies when a current year's withdrawal rate—using the decision rules in
effect—has risen more than 20 percent above the initial withdrawal rate.

. The capital preservation rule expires 15 years before the maximum age to which the retiree wishes to
plan; for example, a retiree assuming she would not live beyond age 100 would discontinue the capital
preservation rule after age 85.

. Under the capital preservation rule, is the current year's withdrawal is reduced by 10 percent. The other
decision rules in effect are then applied to this decreased withdrawal amount.

. This decreased withdrawal becomes the basis for determining the following year's withdrawal amount.

We experimented with other capital preservation rule trigger points but found that this version yielded the
greatest enhancements. A trigger point below the 20 percent threshold did not boost the probability of success in
a noticeable way; it only served to unnecessarily increase the number of times the retiree's withdrawals were
reduced. Keeping the capital preservation rule active during the final 15 years significantly reduced purchasing
power without a corresponding increase in the probability of success at a given initial withdrawal rate. Not
surprisingly, waiting for larger increases in withdrawal rates before applying the capital preservation rule caused
the portfolio to be beyond saving far too often. (We also question how many retirees or financial planners would
be comfortable allowing the initial withdrawal rate to rise much more than 20 percent before feeling the need to
make at least modest reductions.) Finally, once the capital preservation rule was triggered, withdrawal reductions
above 10 percent (say, 15 percent and 20 percent) did not noticeably improve the probability of success.

The capital preservation rule does not come without drawbacks—chiefly the lost purchasing power each time the
rule is triggered. This is the trade-off that accompanies a higher initial withdrawal rate and—as will be seen—the
virtual elimination of the running-out-of-money failure scenario. It is worth remembering that other financial
planning techniques can be applied to offset years with decreases required by the capital preservation rule, such
as tapping cash reserves, changing the withdrawal composition's taxation to increase after-tax income, and
borrowing against home equity.

When Prosperity Rules

During a 40-year withdrawal period, however, a retiree is also likely to experience times with sufficiently positive
investment results that cause their withdrawal rate to fall even as their actual withdrawal amount continues to
increase with inflation. To this point, none of the decision rules permit a retiree to take advantage of such positive
conditions by increasing their withdrawals (beyond inflation) should such prosperity occur. Since such increases
would help offset the purchasing power losses caused by the inflation or capital preservation rules, we believe
they are worth exploring. Thus, we introduce the prosperity rule (PR):

. The prosperity rule applies in years with a withdrawal rate more than 20 percent below the initial
withdrawal rate.
. Under the prosperity rule, the current year's withdrawal is increased by 10 percent. The other decision
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rules in effect are then applied to this increased withdrawal amount.
. This increased withdrawal amount becomes the basis for determining the next year's withdrawal.

To fully analyze the impact of the capital preservation and prosperity rules, we measured the percentage of
purchasing power maintained during each successful simulation. To do so, we calculated the median net present
value (NPV) of the total of all withdrawals during the 40-year period as well as the median NPV of the withdrawal
in year 40.

An example may be useful. A $50,000 initial withdrawal repeated for 40 years with increases only for inflation
produces purchasing power NPV of $50,000 in year 40. The total purchasing power NPV in this example is $2
million. Thus, a scenario resulting in a $1.6 million median total purchasing power NPV maintained 80 percent of
total purchasing power.

Table 3 presents the impact of applying the capital preservation and prosperity rules along with the portfolio
management and withdrawal rules. During these tests, we found that removing the inflation rule increased the
purchasing power maintained by more than 10 percent without reducing the probability of success. Accordingly,
we will no longer apply the inflation rule when the capital preservation rule is also in force.

Table 3: Impact of Capital Preservation and Prosperity Rules

on Success and Purchasing Power with Single-Class

Equities
Initial Aveg. # of % Total PP? % Initial PP

65% Equities (S&P 500) WD' Rate Cuts/Raises Maintained InYear 40 WD
PMR? WR*, CPR® Only

[00% Success 5.0% 21 NA 83% Te%

99% Success 5.5% 3 NA T35 T0%

98% Success 5.9% IINA 7T% 67T%

95% Success 6.4% 4 NA 74% 62%

90% Success 7.0% 4/ MNA 70% 57T%
PMR,WR, CPR, PR*

[00% Success 4.6% 310 I 14% | 40%

99% Success 5.0% 3/9 104% | 18%

98% Success 5.4% 4/9 99% |08%

95% Success 6.0% 4/8 9% 91%

90% Success 6.5% 54T 84% 79%

| WD = withdraws 1.PMA = portiolio management ruls 5.CPR = capial presarvaton rule

1 PP = purdhasing power 409 R = witharaaial s & PR = prospearity nils

It may be useful to imagine the capital preservation and prosperity rules acting as financial "guardrails” that
govern withdrawals under extreme conditions, both negative and positive. Unless such extreme conditions (the
current year's withdrawal rate straying more than 20 percent from the initial withdrawal rate) are present, the
portfolio rule and withdrawal rule are sufficient to govern withdrawals. Figure 1 illustrates the relationship
between these decision rules.
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Figure I: Decision Rule ‘Guardrails’

Using a 65 percent single equity (S&P 500) portfolio, Table 3 shows the maximum initial withdrawal rate at
various probabilities of success, the average number of times in a 40-year retirement that these rules were
triggered, as well as their impact on purchasing power.

Table 3 presents the maximum initial withdrawal rates that are available by applying these two new decision rules
at various probabilities of success. Perhaps most obvious, adding the capital preservation rule permits very
attractive initial withdrawal rates at strikingly high success rates. On the other hand, the withdrawal cuts it
requires (combined with the freezes from the withdrawal rule) cause withdrawals to increase more slowly than
inflation.

The prosperity rule offsets this drawback. In fact, it generates significantly more raises than the cuts from the
capital preservation rule. Moreover, at several initial withdrawal rates, the prosperity rule actually allows the
purchasing power maintained to exceed 100 percent.

Perhaps most significantly, the introduction of the capital preservation and prosperity rules effectively changes
the retiree's greatest long-term concern from "what is my chance of running out of money?" to "what happens to
my purchasing power?" This essentially eliminates the single greatest fear of most retirees. But the declines in
purchasing power suggest that the strategy of maximizing the initial withdrawal rate at a given probability of
success has both unintended and unsatisfactory consequences.

Table 4 uses the 65 percent multi-asset-class equity portfolio from Table 1 based on the 1973-2004 period to
replicate the analysis in Table 3. While the overall patterns were similar, using multiple-equity asset classes
produced higher initial withdrawal rates and fewer capital preservation rule cuts at given probabilities of success
than when equities were invested exclusively in the S&P 500. This pattern also appeared at given initial
withdrawal rates when we modeled a single-equity (S&P 500) portfolio for the 1928-2004 period or the 1973—
2004 period to match the time frame used in Table 4.
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Table 4: Impact of Capital Preservation and Prosperity Rules

on Success and Purchasing Power with Multi-Class
Equities

Initial Avg.# of % Total PP? % Initial PP
65% Mult-Class Equities WwWD' Rate Cuts/Raises Maintained InYear 40WD

PMR*WR*, CPR® Only

100% Success 6.3% I NA 0% a7k
99% Success 1.0% 2/ MNA B&Y% Bl%
98% Success 1.2% 2/ MNA 85% 79%
95% Success 1.9% 3/ MNA BO% T3%
0% Success 8.4% 3/ MNA 7% 67%
PMR,WR, CPR, PR*

100% Success 6.3% 1 /3 93% 9T%
99% Success T1% 213 BEBY% 0%
98% Success 71.3% 112 BB% 86%
95% Success 71.8% Af2 B4% 80%
0% Success 8.4% 3/2 719% 713%
| WD = withdrawa 3. PMR = portfolio managament nule 5. (PR = capital preservation nue

2 PP = purchasing power 4 WR = withdrawal ruis & PR = progparity e

Decision Rules and Confidence Standards for Decision-Making

We have demonstrated the impact on initial withdrawal rates, probabilities of success, and purchasing power
from applying four decision rules:

1. Portfolio management
2. Withdrawal

3. Capital preservation
4. Prosperity

Choosing which decision rules to apply depends entirely on the benefits a retiree most values and the trade-offs

he or she is willing to make. Table 5 summarizes the combination of decision rules that maximize the initial
withdrawal rate. In all cases, the portfolio management rule should be used.
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Table 5: Decision Rule Summary for Maximizing the Intitial

Withdrawal Rate
Condition: Action:
Priar Tear's Return |s Megative Apply Yyithdrawal Rule
Current YWD' Rate Is Within 20% of Inital WD Rate  Increase Prior Year's WD by CPI
Current WD Rate > Initial WD Rate by 20% Apply Capital Preservation Rule
Current WD Rate < Initial WD Rate by 20% Apply Prosperity Rule

|.WD = withdrawa
Most retirees share four ideals when taking yearly withdrawals from their investment portfolios:

1. Maximize withdrawals (and withdrawal rates), especially early in retirement

2. Eliminate the possibility of running out of money

3. Avoid undesired changes to the income stream (that is, reductions or freezes)
4. Maintain purchasing power

In considering these ideals, we found two confidence standards that seem to maximize the attributes most prized
by retirees while minimizing the risks they most fear.

. For retirees seeking a virtually bullet-proof withdrawal plan, choose an initial withdrawal rate where the
probability of success and the median purchasing power maintained are both at least 99 percent (the 99
percent confidence standard).

. For retirees who desire (or need) a higher initial withdrawal rate and are willing to accept a small amount
of risk, choose an initial withdrawal rate where the probability of success and the median purchasing
power maintained are both at least 95 percent (the 95 percent confidence standard).

We recognize that both the 95 percent and the 99 percent confidence standards will subject retirees to a small
number of income reductions (due to the capital preservation rule) and a somewhat larger number of freezes
(due to the withdrawal rule), even though virtually all of their purchasing power—both total and final year—is
maintained. Not only do we believe that many retirees will find these reductions more than offset by their higher
initial withdrawal rate, but increases via the prosperity rule have the ability to mostly, if not entirely, offset this lost
income.

Table 6 presents the maximum initial withdrawal rates that meet these standards for a 40-year withdrawal period
at various equity allocations, using both a single equity (S&P 500) as well as multi-class equities. Each scenario
applies the portfolio management, withdrawal, capital preservation, and prosperity rules. Though we also present
a 90 percent standard, we are much more comfortable with the 95 percent and 99 percent confidence standards.
In evaluating the results, we observed that

. The initial withdrawal rates with 50 percent equities are noticeably lower than with 65 percent or 80
percent equities due to the difficulty in keeping pace with inflation from the lower equity allocation.

. The trade-offs between the 65 percent and 80 percent equity portfolios are quite subtle at initial
withdrawal rates in the 5.5-6.0 percent range; the 80 percent equity portfolio maintains quite purchasing
power but at slightly lower probabilities of success.

. Withdrawal reductions from the capital preservation rule occur no more than 10 percent of the time at very
high probabilities of success.

. The greater the equity allocation, the more raises received due to the prosperity rule; these raises occur
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more frequently than the cuts under the capital preservation rule.

Table 6: 40-Year Withdrawal Rates with High Success and
Purchasing Power Maintenance Using Portfolio

Management Rule, Withdrawal Rule, Capital
Preservation Rule, and Prosperity Rule

Avg. # of
Triggers’
Confidence Initial Success Cuts/Freezes/ Total Year 40
Standard WD' Rate  Rate Raises PP%? PP%
One Equity (S&P 500)
50/40/10 99% 45% 100% 31717 1 00% 108%
5 4H% 1005 11817 P5% %
90% 50% 100% 3/8/6 92% 9%
65/25/10 % 51% % 4/81% 102% 114%
95% 5.7% 9TH 4/9/8 95% 98%
0% 6.0% 5% 4/9/8 90% 9%
BO/1OV10 99% 47% 99% 3/8/3 129% 178%
5% 36% 5% 4/8i/11 | 105 135%
90% 63% 90% 5/9110 99% 112%
Multi-Class Equities
50/40/10 99% 46% 1 00% 2(516 9% 103%
95% 48% 1 0% 2{518 97% 101%
90% 5.1% 100% 2515 92% 90%
65/25/10 9% 53% 10405 21617 1 00% 106%
95% 55% 9% 31617 6% 98%
0% 58% 9% 31716 92% 90%
BO/1OV10 99% 5.6% 99% 3/719 101% 113%
95% 6.2% 95% 4/718 6% 96%
0% 63% 4% 41718 93% 93%
I WD = withdraws 1. PP = purchasng powwver

Table 7 presents the same results for a 30-year withdrawal period. For many retirees, this may be a more
appropriate time period due to their retirement age or health history. It can also be a useful gauge of financial
security as retirees progress through retirement. It may be surprising that initial withdrawal rates do not show
greater increases with a time period that is 25 percent shorter. Yet when seeking such high success rates (at
least 95 percent), attempting even higher initial withdrawal rates causes too many scenarios (more than 5
percent) to fail.
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Table 7: 30-Year Withdrawal Rates with High Success and
Purchasing Power Maintenance Using Portfolio

Management Rule, Withdrawal Rule, Capital
Preservation Rule, and Prosperity Rule

Avg. # of
“Triggers’
Confidence Initial Success Cuts/Freezes/ Total Year 40
Standard WD' Rate Rate Raises PP%! PP%
One Equity (3&P 500)
50/40/10 99% 46% 100% 2/6/5 99% 104%
95% 4.9% 1 0% 2/6/5 96% 96%
90% 5.2% 99% 2/614 92% 90%
65/25/10 99% 52% 9% 21617 102% 1%
95% 59% 6% 31716 95% 98%
0% 6 4% 92% 31715 92% N%
BO/1 /10 99% 4.7% 99% 2/{6/9 119% 152%
95% 5.7% 95% 3/6/8 107% 123%
90% 6.3% 90% 30T 4T 100% 112%
Multi-Class Equities
50/40/10 99% 46% 100% 11414 100% 103%
95% 4.9% 100% 1/4/4 9T% 100%
90% 5.3% 100% 17413 94% 90%
65/25/10 9% 54% 9% 11515 9% 102%
95% 5.7% 98% 2/514 95% 96%
0% 59% 8% 21574 95% 1%
BO/1 0410 99% S54% 99% 21517 107% 119%
95% 6.2% 95% 2/516 96% 99%
90% 6.5% 9% 2/615 94% 94%
TRADY S 3 PH s roas
What-Ifs

Though our results provide answers to some significant issues facing retirees and financial planners, they also
lead to a variety of "what if" questions. To name a few:

. What is the appropriate application of the decision rules if a retiree believes his or her real income need
(including health care costs) will decrease at some point later in retirement?

. How would the 99 and 95 percent confidence standards change if a retiree were able to gradually scale
back their employment earnings and begin portfolio withdrawals at lower levels until they fully retire?

. What if real rates of return over the next 40 years do not resemble the distributions of historical returns?
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(Our preliminary work on this question suggests that, when applying the decision rules, the key trade-off is
between the initial withdrawal rate and the amount of purchasing power maintained, not the probability of
success.)

Though our work did not attempt to address such questions, we believe our model provides a framework that can
be tailored to apply the decision rules to accommodate the potential trade-offs between a retiree's financial goals,
their willingness to accept risk, and their view of the future.

Conclusion

Our analysis using Monte Carlo simulations supports the conclusion that the application of a few simple but
powerful decision rules can significantly increase maximum initial withdrawal rates while virtually eliminating the
possibility that a "perfect storm" could cause a retiree to run out of money. This analysis generated results
consistent with previous research that was based on a 1973 retirement date. In addition, the application of the
capital preservation rule in conjunction with the prosperity rule virtually eliminates the possibility of a retiree
running out of money at these initial withdrawal rates. These new decision rules also provide for purchasing
power maintenance.

Questions about maximum initial withdrawal rates cannot be answered with a single number because retirees
have varying thresholds for their financial security and need not adhere to a one-size-fits-all set of trade-offs. For
portfolios containing at least 65 percent equities, initial withdrawal rates of 5.2—-5.6 percent are sustainable over a
40-year period at the 99 percent confidence standard and rise to 5.7—6.2 percent at the 95 percent confidence
standard.

We hope our work will help financial planners and their clients make sound decisions that lead to retirements that
are both rewarding and fulfilling.
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