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The 4-Percent Rule Was Never Failproof

ON THE FOLLY OF FIXED RATE WITHDRAWALS

EDWARD F. MCQUARRIE, PHD

Abstract

THE 4-PERCENT WITHDRAWAL rule was formulated by William
Bengen to satisfy a specific historical test. Bengen sought to determine
the initial rate which, applied against a balanced portfolio of stocks and
bonds, and adjusted annually for inflation, always had sustained with-
drawals for atleast 30 years over the span of available data. This paper
probes the flaws in Bengen’s U.S. historical data thatled to the mistaken
nomination of 4 percent as a safe withdrawal rate. After documenting
the historical failures of the 4-percent rate, the paper develops the con-
ditions that determine whether any fixed rate of withdrawal can be sus-
tained and assesses the impact of more- versus less-conservative asset
allocations. The conclusion is pessimistic: fixed-rate withdrawals tested
on history are inherently flawed.

The 4-percent rule long ago fell from favor as anything but a rough
guide. Historical data on international markets gathered by Pfau (2010)
and Anarkulova et al. (2022) showed that a withdrawal rate that high
could not have been sustained in markets outside the United States.
Bengen’s (1994) data for U.S. stocks and bonds during 1926-1992
emerged as a special case—his findings did not generalize to other
times and places. Once that failure was recognized, emphasis shifted
to the development of flexible schemes for withdrawal, as in the work
of Blanchett (2007).

However, outside of academia the 4-percent rule remains alive and
well. It certainly continues to inform financial journalism. Discussions
querying whether the 4-percent rate might be about to fail for the first
time in the United States (Finke et al. 2013), or that the rate might need
to be lowered to reflect the changed circumstances of the economy fol-
lowingthe Great Financial Crisis, continue to be published. Practitioners
can be forgiven for supposing that 4 percent must still be a good starting
point, because, after all, that rate did succeed in Bengen’s data.

This paper presents new historical data showingthat 4-percent with-
drawals could nothave been sustained by investors in the field, notin the
United States and not within Bengen’s period. The paper then proceeds
to an examination of the conditions under which any fixed withdrawal
rate will succeed or fail. It also considers the role of asset allocation in
sustaining withdrawals. The conclusion is pessimistic. When 60/40
fails, 30/70 and similar more-conservative allocations also are likely

to fail. Asset allocation provides no panacea when it comes to sustain-
ing fixed withdrawals under challenging circumstances.

What Bengen Did

Bengen (1994) focused on balanced portfolios of stocks and bonds.
A 50/50 split was used to support the 4-percent rate (other allocations
were studied, but the 50/50 split was made the central case for exposi-
tion). Second, Bengen set 30 years as the criterion period. He made no
claim that 4 percent would work over longer horizons, although he did
report numerous cases where 50 years could have been sustained at
that rate. Third, stocks for Bengen meant the S&P indexes as tabled in
Ibbotson’s (2020) Stocks, Bonds, Bills & Inflation Yearbook, or SBBI, using
total returns based on monthly reinvestment of dividends. Bonds meant
five-year Treasury bonds, also as tabled in the SBBI, with monthly rein-
vestment of interest income and an annual swap out of the now four-
year bond for anew five-year bond.? When Bengen wrote, the available
SBBIdatastopped atthe end of 1992; in order to include 30-year periods
with beginning dates through 1976, Bengen extrapolated past returns
onthese two assets out to future years.?

THE 4-PERCENT RULE LONG AGO FELL FROM
FAVOR AS ANYTHING BUT A ROUGH GUIDE
... HOWEVER, OUTSIDE OF ACADEMIA THE

4-PERCENT RULE REMAINS ALIVE AND WELL.

Finally, and perhaps uniquely in the withdrawal literature, Bengen
takes the first withdrawal at the end of the first 12 months; and that with-
drawal is not 4 percent of the end-of-year balance but 4 percent mul-
tiplied by the inflation that occurred during that year, i.e., ifinflation
hadbeen 3 percent, then 4.12 percent gets withdrawn.* What funds the
retiree used to cover living expenses during those first 12 months of
retirement is not stated.

Using fresh calculations from updated SBBI data and actual returns
from 1993 forward, figure 1 is a representation of the Bengen (1994)
base case, the 50/50 split with a 4-percent withdrawal rate (modeled on
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FIGURE1 How the 4-Percent Rule Fared in Bengen's Data
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Note: Bengen (1994) did not have data after 1992 and made a straight-line projection of future stock and
bond returns. Therefore figure 1, based on actual data through 2024, does not agree in detail with Bengen
(1994, figure 1b) for results after 1961. For example, although 1966 is again the low point, the actual data show
that 4-percent withdrawals could have been sustained for 34 years, not the 33 years that Bengen projected.

Source: Author’s calculations.

his figure 1b). Thirty years proved a forgiving criterion. In many cases
inflation-adjusted 4-percent withdrawals could have been sustained
for 50 years.®

External Validity of Bengen’s Analysis

External validity concerns the applicability of findings obtained in
an artificial setting. A laboratory study of risk aversion, for instance,
might use college sophomores. Written descriptions of several possi-
bleinvestments will be given, with subjects asked to indicate their pre-
ferred option. The experimenters will have structured these options
toindex varying degrees of some theoretical property, such as uncer-
tainty. The experimentis run, the data are analyzed, and the hypothe-
ses that guided the experiment are reported as supported or rejected.

External validity refers to whether these results obtained in the lab-
oratory—using college students as subjects, written descriptions rather
than actual investments, and assumed funds rather than real money—
will generalize to prospective retirees who must choose among the
heterogenous investments offered in today’s marketplace, and who have
$1 million that they need to have last through retirement.

Bengen (1994) was in effect a laboratory study. Investment returns
were taken straight from the SBBI appendix. When the five-year
Treasury was rolled forward each year, it was not necessary to sell it
at the bid price or to buy the next one at the ask price, nor to pay any

“““““‘ ‘ ““““““““““‘ ‘ ‘ “““
0 ‘| ‘ ‘ll “
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commission on either transaction. Likewise, the semi-annual coupon,
which in some years was as low as $7.50 on a $1,000 bond, was divided
into six tranches of as little as $1.25 and each of these was invested
without transaction costinto a $1,000 bond each month. Similarly, the
monthly dividend income derived from quarterly payments by the 500
S&P stocks, callit $1,100 per month on a $500,000 stock portfolio,® would
bereinvested without commission, in proportion to capitalization, with
perhaps $50 of that dividend income going into the largest single stock
inthe index and five pennies into the smallest.

Investors outside the laboratory could not have invested this way.
They would either have paid ruinous commission costs—if a stock-
broker would even have accepted a five-penny transaction for a frac-
tional share—or they would have had to pay the expenses of a mutual
fund to make these investments for them. Either way, calculations based
strictly on values taken from the SBBI appendixes lack external validity.

Investor Returns Outside the Laboratory

The SBBI still was new when Bengen wrote. For example, the five-year
Treasury series had just been added in 1989. Nothinglike the SBBI had
existed before Ibbotson and Sinquefield (1976). Bengen’s historical
analysis was at the leading edge in 1994 —neither Ibbotson nor any-
one else had considered the application of withdrawal rates against the
new SBBI series.
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Intheintervening 30 years historical datasets have come along way.
Pfau (2010) could draw on the efforts of Dimson et al. (2002/2025) to
examinereturnsin 17 international markets back to 1900. Anarkulova
etal. (2022) could draw on global financial data for international returns
on several dozen markets backinto the nineteenth century.

Allthese datasets typically make the same assumptions as the SBBI:
Cost-free and frictionless transactions can be made in any amount at any
frequency, whether to buy, sell, rebalance, or reinvest interest and div-
idends. Jones (2002) documents the magnitude of these omitted costs,
showing that all-in transaction costs peaked in the 1960s and 1970s at
100-200 basis points (bps) per stock transaction.

The present paper takes advantage of a newly assembled dataset
that does include costs. McQuarrie (2023) compiled annual returns on
the largest U.S. mutual funds, anchoring the beginning of the series in
December 1925 and carrying returns through 1986, after which index
mutual funds were substituted through 2023. The series thus spans the
same period as the SBBI series used by Bengen (1994) with an extension
to the present. Even by the 1930s the largest mutual funds had more than
$100 million in assets, sufficient to reinvest dividends in proportion to
capitalization and large enough to pay the lowest commission costs on
offer. For purposes of rebalancing, withdrawals without charge have
been a defining feature of open-end mutual funds since their adventin
1924 (Bullock 1959; Fink 2011).

There can be no question of external validity with these mutual fund
returns. Following passage of the Investment Company Act of 1940,
returns must by law be reported after all costs. The historical returns
of mutual funds thus reflect what investors could have received outside
the laboratory. The next section shows how the 4-percent rule would
have failed these investors.

Failure of the 4-Percent Rule Using Balanced Funds

McQuarrie (2023) constructed two mutual fund series: one for com-
mon stock funds and one for balanced funds. The latter started with a
50/50 stock bond allocation in the 1930s (Moffitt 1952), movingin the
1950s toward a 60/40 allocation.” The balanced fund index thus paral-
lels Bengen’s base case and is examined first. As a one-stop investment,
the balanced fund requires no manual rebalancing by the investor, and
by the 1960s, automatic reinvestment of dividends and interest could be
elected by the fund investor, adding further validity. Other fund series
will be introduced later when the conditions for failure of any fixed with-
drawal rate are probed.

Figure 1, styled after Bengen, showed that his 4-percent rule was
threatened at only two junctures: in the late 1930s and in the 1960s.
Everywhere else, it would have sustained withdrawals for more than
50years in the laboratory data. Preliminary tests with balanced funds
showed thata $1-million portfolio decumulating by the 4-percent rule
would have just (barely) survived the severe downturnin 1937, when
the SBBI shows a stock market decline of 35 percent.?

Accordingly, figure 2 shows test results for the 1960s only. Two lev-
els of external validity were considered. In the 1960s all large balanced
mutual funds carried sales loads, and these loads had been present from
the outsetin the 1920s. The database contains the weighted average load,
around 7 percent or somewhat more in this period, and this was first sub-
tracted from the $10,000 initial investment to get the results charted by
the maroon bars in figure 2. These results are valid for an investor who
made alump-sum investment upon retirement in the 1960s.

On the other hand, all load funds discounted their sales charges for
larger investments, down to only 2-3 percent for amounts of more than
$100,000. In addition, a small investor who accumulated an investment

FIGURE 2 Failure of the 4-Percent Rule in the 1960s Outside the Laboratory
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over decades would not have paid the load on any in-fund appreciation,
therefore subtracting the full load is problematic. Finally, load funds
are not common today. The orange bars show the results without any
salesload.

As figure 2 shows, for start dates in the 1960s, the 4-percent rule
would have failed investors in the field year after year. With a sales load,
the U.S. investor would have run out of money for every start date from
1962 to 1969 inclusive. Ignoring the salesload, the 4-percent rule would
have failed in five cases. The very worst start date was 1966. Without a
load, a 65-year-old retiree who started retirement that year would have
run out of money at age 88; with aload, funds would have been exhausted
by age 85.

Reasons for Failure

Failure of the 4-percent rule for U.S. investors outside the laboratory

prompts the following questions:

1. Whatwasdistinctive about assetreturnsin the 1960s? Why did fail-
ures cluster for start dates here and nowhere else?

2. How could two adjacent start years, such as 1969 and 1970, pro-
duce such discrepant results when their respective asset return
sequences are identical except for a shift of one year?

3. Couldadifferentassetallocation have prevented or atleast amelio-
rated the failures seen in the 1960s, relative to the approximately
60/40 allocation used by balanced funds of that era?

There are 50 start datesin figure 1. Using the conservative approach of
ignoring sales loads, but using actual mutual funds, the 4-percent rule
would have succeeded in 45 cases and failed in five. The failures are
nonetheless failures of moment; the 4-percent rule was supposed to be
failproofin the U.S. historical record to this point. Telling retirees who
run out of money in their 80s, after following the 4-percent rule, that the
odds had been nine out of 10 in their favor is not likely to mollify them.

Nonetheless, a sequence of asset returns rare enough to occurin one
out of 10 cases must be distinctive in some respect. Consider that retir-
inginJanuary 1930—three monthsinto the stock market crash of 1929,
after stocks had fallen 25 percent with another 75-percent decline still
to come—did not lead to failure for investors with a balanced portfolio,
neither in Bengen’s laboratory data nor in balanced funds with a load.
Likewise, retiring in 1970, just before the great inflation of the 1970s,
did notlead to failure.’

These examples show that a fixed withdrawal rate, such as 4-percent
real, is not hostage to a sudden steep market decline and can withstand

... IN THE 19608, THE 4-PERCENT RULE WOULD

HAVE FAILED INVESTORS IN THE FIELD YEAR
AFTER YEAR. WITH A SALES LOAD, THE U.S.
INVESTOR WOULD HAVE RUN OUT OF MONEY FOR

EVERY START DATE FROM 1962 TO 1969 INCLUSIVE.

quite high rates of inflation that continue for a decade or more after
retirement. To suffer the outcomes experienced by investors who retired
inthe 1960s requires a more specific set of circumstances.

For a fixed rate of withdrawal to fail, as the 4-percent rule did in
the 1960s, the sequence of returns must show: (1) low real returns on
the portfolio, (2) commencing near the start date, and (3) continued for
long enough.

Retirement after 1929 was not a problem because the decline was
soon reversed and, during its brief course, was ameliorated by severe
deflation. Retirementin 1970 was not a problem because, after the 1973-
1974 bear market, and despite high inflation, stocks resumed earning
real returns and, somewhat later, bonds did likewise.

The next section recasts these preconditions for failure in more
general terms.

Tipping Point Phenomena

Any fixed rate of withdrawal, applied against an exponential series
(compoundingreturns) and adjusted for inflation, itself an exponential
series, is subject to exponential exhaustion. If returns fall far enough
short of some level, for long enough, the remaining balance must go to
zero before 30 years have passed, failing the Bengen test. To use a famil-
iar example, exponential exhaustion explains why a mortgage can be
paid off on a finite amortization schedule. A monthly payment just a few
dollars more than the initial monthly interest cost leads inexorably to a
zero balance 360 months later.

Taking withdrawals from a portfolio of assets is more complicated,
butthe principleisthe same. If the retiree had available a perpetuity, i.e.,
an annuity that pays out indefinitely, paying areal return of 4.0 percent
eachyear, then inflation-adjusted 4-percent withdrawals, made at the
end of each year, could be continued indefinitely.'° But awithdrawal rate
any higher than 4.0 percent eventually would exhaust the funds, paral-
lel to how amortization of a mortgage proceeds.
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Next, consider the case where the rate paid on the perpetuityisless
than 4.0 percent but withdrawals of 4 percent are taken. Figure 3 shows
the impact of varying degrees of shortfall on how long 4-percent with-
drawals can be sustained from that perpetuity. If the rate of return
falls just 50 bps short, at 3.50 percent, the period that 4-percent with-
drawals can be sustained contracts by a vast amount but still extends
60 years. A more significant shortfall of 100 bps contracts the period
further but still sustains withdrawals for longer than most retirements
last. Ata 200-bps shortfall, i.e., areal return of 2.0 percent against

FIGURE 3 ldealized Account of How Shortfalls in Real Return
Can Lead to Premature Exhaustion
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FIGURE 4 The Tipping Point as Seen in Retirements in 1969 or 1970

withdrawals at 4 percent, withdrawals begin to approach failure, sus-
taining only 35 years. A shortfall of just 100 bps more produces failure,
and returns on the instrument, now at 1-percent real, lead to exhaus-
tionin 29 years.

And thatis why the 4-percentrule succeeded in Bengen’s laboratory
data duringthe 1960s, even as it would have failed using actual mutual
fund returns from that era. Unbeknownst to Bengen or his readers, the
real return on a balanced portfolio during the 1960s was very close to
the tipping point. The small difference in return pattern for the mutual
fund series relative to the cost-free SBBI series was sufficient to cause
the 4-percent rule to fail.

The theoretical examples so far omit two important features of port-
folio performance. First, asset returns fluctuate; and second, these fluc-
tuations are ordered in time. The latter property is important because
the arithmetic operation of subtraction followed by multiplication is
not commutative—the order of these operations matters. Subtractinga
fixed (real) amount when lower returns are ordered first will not sustain
withdrawals for the same number of years as if those lower returns had
come laterin the sequence.' Even if the average return on the portfolio
appears adequate, i.e., does not fall short asillustrated in figure 3, if the
variability is great enough, or the sequence is unfortunately arranged,
premature exponential exhaustion still may occur.

Figure 4 illustrates further how premature exponential exhaustion
hinges on a tipping point. The blue line shows the new balanced fund
results for retirementin 1970. This portfolio still was going strong after
sustaining 4-percent withdrawals for 30 years. The maroon line shows
the new balanced fund results for retirement one year earlier, in 1969.

$12,000
0.52
$10,000 "
© <
; 042 &
© o
= $8,000 5
= S
o 032 =
& 8
S $6,000 S
o
3 1980s BOOM BEGINS 02 2
o [a'
% £
T 54,000 g
a 012 ©
© Q
o] =
x a
$2,000 I
' 0.02
I I || I I I || - - H H = -
$0 -0.08
1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1998

B Balanced fund shortfall 1969 start

Source: Author’s calculations.

1970 start newindex = 1969 start new index

1969 start Bengen blend

RETIREMENT MANAGEMENT JOURNAL 2025 29

© 2025 Investments & Wealth Institute. Reprinted with permission. All rights reserved.



FEATURE
MCQUARRIE

The 4-percent rule exhausted this portfolio at the end of 25 years, per
figure 2. Thelight green line uses Bengen’s laboratory returns fora 1969
retirement; this portfolio sustained withdrawals for 39 years, comfort-
ably in excess of the 30-year criterion. The oval marks the end of 1981,
when the great stock and bond boom of the 1980s and 1990s began.

Taking the 1969 comparison first, the orange bars at the bottom of
figure 4 show the excess or shortfall of return for the new balanced fund
index relative to the Bengen blend. During the 30 years through 1998,
the balanced fund index average return (arithmetic) outperformed the
Bengen blend by aslight 0.15 percent per year. But the four cases of sub-
stantial underperformance—annual shortfalls of 4 percent to 8 percent
inreturns—all occurred in the first six years. By the time the markets
turned after 1981, the Bengen portfolio had given up 64 percent of its
starting value in real terms. The ongoing $400 of real withdrawals rep-
resented an 11-percent withdrawal rate from the portfolio value at that
point. The balanced fund portfolio, however, had given up 76 percent of
itsreal starting value. The ongoingreal $400 of withdrawal represented
an almost 17-percent withdrawal rate on what remained.

The great boom of the 1980s and 1990s was sufficient to fund the
10-11-percent withdrawals against the Bengen portfolio for years to
come. But not even that boom could fund the withdrawals of 17-20 per-
cent that had to be taken against the balanced fund portfolio. It had
passed the tipping point, 13 years in, before the boom commenced.

Next, the blue and maroon lines allow a comparison of the effects
of timing—retiringin 1970 versus one year earlier in 1969 —using the
new mutual fund data. Except for the first-year return, the two retirees
receive identical returns with the blue and maroon lines exactly parallel
through the tipping point. However, the 1969 retiree lost 8.58 percent
nominalin 1969, which—given the 6-percent inflation of that year—rep-
resented areal return of negative 14 percent, from which $424, reflect-
ing that same 6-percent inflation, had to be subtracted. After one year,
the 1969 retiree had thus suffered a significant impairment of wealth,
with only $8,200 remaining in real terms, relative to the 1970 retiree,
who starts out that year with $10,000. As was the case with the Bengen
portfolio, the 1970 retiree reached 1981 down only about 60 percent;
the 1970 retiree’snominal withdrawal always is 6 percentless than that
of the 1969 retiree from having skipped 1969’s inflation. Therefore the
1970retiree escapes the tipping point.

Based on these field comparisons, areturn to the laboratory may be
useful to further elaborate the elements that drive premature exponen-
tial exhaustion. Consider Bengen’s return series for retirementin 1966,
the worst case in his analysis, same as this paper, with withdrawals sus-
tained for only 34 years. Three manipulations to the SBBI return series
willbe considered in an effort to precipitate failure of the 4-percent rule.

To begin, a constant was subtracted from each of the 30 annual
returns from 1966 to 1995." This reduces the real return but leaves
the standard deviation and sequence of returns unaltered. A sub-
traction of 33 bps was found necessary to produce exhaustion at
29yearsand 10 months. For context, the real annualized return for those

30yearshadbeen 4.18 percent per the SBBI; after the subtraction it was
3.86 percent.’® That is why the planner can have no confidence in fixed
withdrawal rates—it is not possible to rule out the possibility of a future
return series averaging just 33 bps lower than that of Bengen’s 1966-
1995 laboratory series. Putanother way, had Bengen applied a fee to his
laboratory returns of even 0.50 percent of assets under management
(AUM), he would have had to report failure of the 4-percent rule in the
1960s for clients who used such an advisor.™

As asecond test, a constant was added to the 15 highest returns in
that period and the same constant was subtracted from the 15 lowest
returns. This makes the series more volatile without changing the arith-
metic mean or the sequence. An addition (subtraction) of 2.0 percent was
sufficient toinduce failure at about 29.7 years, versus 34 before the alter-
ation. The standard deviation of the Bengen blend before alteration had
been 9.99 percent; after the additions and subtractions, it expanded to
11.66 percent, and this sufficed to reach the tipping point.

For the sequence alteration the worst annual return, for 1974, was
moved up to be the first-year return and the 1966-1973 return sequence
was shifted forward to fill the gap. That one change caused the count
of years sustained to drop from 34 to just under 29. If the worst annual
inflation, for 1979, also was moved up to 1966, then the count of years
sustained dropped further, to 26. These small changes to the sequence
of returns do not affect the arithmetic mean or the variance but none-
theless had a powerful impact on the years sustained.*®

In summary, the success of any fixed withdrawal rate, such as 4 per-
centin Bengen’s laboratory study, is quite fragile. A small reduction in
return of a few dozen basis points can turn success into failure. Given
two series withidentical arithmetic mean returns, if one is made to have
astandard deviation on the order of 12 percent instead of 10 percent, that
small alteration can produce failure in the more volatile case. A slight
but unfavorable reordering of the return sequence can do the same. As
acknowledged at the outset, this is why the thought leaders in the plan-
ning community have moved toward flexible systems for determining
withdrawal rates. Thisis also why a fixed rate that happened to succeed
across decades of market history, arbitrarily sampled from one market
and in one century (the United States in the 20th century), can give lit-
tle confidence of continued success.

Could Asset Allocation Have
Rescued the 4-Percent Rule?

The balanced mutual funds used in the new series were notindex funds
with acommitment to aspecified mix of stocks and bonds. The exact mix
varied over time within funds and across funds. Wellington, one of the
largest such funds, notoriously engaged in poor market timing around
1970, as later recounted by John Bogle (2019). Any of these actively
managed funds at any point could have made poor decisions about the
amount allocated to stocks, the selection of stocks, the credit quality of
the bonds selected, or their duration. In that sense, the analyses reported
so far have no internal validity as a test of whether a specified mix of
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stocks and bonds could always have sustained 4-percent withdrawals
in the United States.

Fortunately, the new mutual funds database contains a separate
stock fund series and fixed income series. These can be assembled into
any desired mix with rebalancing to maintain that mix. This section
considers two allocations of note. The 60/40 mix has anchored balanced
fund allocations since Peter Bernstein (2002) extolled it. More recently,
the 30/70 mix was selected by Vanguard for its retirement-income fund.
All of Vanguard’s target-date retirement funds are converted into the
retirement-income fund seven years after the target date isreached. The
fund assumes that investors, who likely will be taking required mini-
mum distributions by that point, will hold the fund with that 30/70 mix
for the remainder of their lives.'® Put another way, the largest provider
of target-date retirement funds, which by legislation are now the default
investment option in workplace retirement plans, has opted fora 30/70
allocation as the single best and most widely applicable asset allocation
forretirees withdrawing funds.

Thehistorical analysis that follows considers these two mixes along
with the two pure options: all stock and all fixed income. Conventional
wisdom holds that the volatility of an all-stock portfolio, once decumula-
tionbegins atretirement, too often will lead to failure in the form of pre-
mature exponential exhaustion. Conventional wisdom also holds that
a100-percent allocation to fixed income will not give enough return to
withstand bouts of inflation. But there is no settled view on whether a
30/70 or 60/40 allocation offers more robust support for a fixed with-
drawalrate such as 4 percent across the variety of market scenarios that
have unfolded historically.

Many retirees suppose that their portfolios will be safer with half
as much in stocks—30 percent versus 60 percent. This probably is true
ifrisk is defined narrowly in terms of standard deviation. But itis an
empirical question whether a conservative or moderate allocation would
have fared any better during the crucible of retirement in the 1960s—
or during the quite different vicissitudes of retirement in the 1930s. It
also is of interest to see just how badly a 100-percent stock portfolio
would have fared compared with putting everything in fixed income.
During the past three to four decades, most authorities have expected
that, for fortunately timed retirements, the upside will be greater with
agreater allocation to stocks, i.e., more wealth will be available for leg-
acy purposes. The problem, of course, concerns what happens when the

timing of retirementis unfortunate. Did a 60/40 portfolio better sustain
4-percent withdrawals relative to an all-stock portfolio across fortunate
and unfortunate retirement starts? Or was it necessary to ratchet stock
exposure down to 30 percent to promote success? Or did that conserva-
tive portfolio sometimes fail?

Were none of the allocations to succeed in sustaining 4-percent with-
drawals, every year, across these difficult periods, that would add to the
evidence that no fixed withdrawal rate can be safe.

Asset Allocation and the 4-Percent Rule

Four allocations were considered:

> A100-percent allocation to a portfolio of large stock mutual funds,
as compiled in McQuarrie (2023).

> A 60-percent allocation to the same portfolio of large stock mutual
funds and 40-percent to a savings deposit.

> A 30-percent allocation to the same portfolio of large stock mutual
funds and 70-percent to a savings deposit.

> A100-percentallocation to a savings deposit.’”

Salesloads are ignored, because these would not apply to the savings
deposit, thus confounding the effects of stock allocation and load.
McQuarrie (2023) used a savings deposit as the fixed income option,
again for purposes of external validity: The ordinary investor could not
have rebalanced small amounts into or out of a Treasury bond with a unit
costof $1,000.® In any case, the savings deposit series tracked a with-
costintermediate Treasury index reasonably well.

Allstart dates from 1926 to 1975 were examined, but as might be sup-
posed from figure 1, it was necessary to report only retirements in the
1930s and 1960s for this section. These fraught decades suffice to show
the comparative success and failure of the four asset allocations consid-
ered. Alater section will examine the most challenging retirement start
dateinrecent years, January 2000 (Finke et al. 2013), where the resultis
notyet known but projections can be made.

Table 1 shows the count of failures across each of the four allocations,
and the worst case in terms of years sustained, for each of the two test
periods. The table also shows the count of what might be called spec-
tacular successes, where the allocation was able to sustain 4-percent
withdrawals for 50 years or more. The table makes clear thatall the allo-
cations would have failed some of the time. It also shows that retirement

TABLE 1 Failure Rate for More Aggressive vs. More Conservative Allocations

ALLOCATION 1930-1939
<30 YEARS (WORST CASE)
100% stocks 1(21) 8
60% stocks/40% bonds 0 6
30% stocks/70% bonds 3(27) 0
100% fixed income 8 (20) 0

50+ YEARS

1961-1970
<30 YEARS (WORST CASE) 50+ YEARS
4(19) 2
4 (24) 0
7(25) 0
10 (24) 0

Note. Table 1 uses the stock mutual fund and savings deposit series from McQuarrie (2023) with no sales load deducted. Numbers in parentheses show in years the shortest period that 4-percent withdrawals could be sus-
tained. Rows may not add up to 10 within periods because cases of moderate success-withdrawals sustained for 30 or more years but less than 50 years—are not tabulated.
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in the 1960s posed a much stiffer test for a fixed 4-percent withdrawal
rate than retirement in the 1930s, with every allocation failing more
oftenin the later period.

The crash of 1929 is the benchmark case for the benefits of diluting
an all-stock portfolio with bonds to control drawdown risk, and itis also
the type case for sequence-of-returnsrisk. It is conventional to suppose
thateither the 30/70 portfolio, or perhaps even a 100-percent allocation
to fixed income, will be superior, atleast in this one case.

The results do not bear out this expectation. The 100-percent fixed
income portfolio showed the worst performance in the 1930s; the 60/40
allocation outperformed the more conservative 30/70 mix; and the all-
stock portfolio was the second-best performer.

The crash of 1929 was, in fact, the worst stock market crash in U.S.
history, with areal decline at the bottom of 75-85 percent, depending on
the metric.'® But the all-stock portfolio failed only once in this decade,
forretirement just after the initial market decline, in January 1930. It is
important to understand why. Bengen (1994) noted how deflation helped
all allocations during the early 1930s—the initial withdrawal of $4.00
on the hundred would soon have dropped to $3.07 and did not get back
tomore than $4.00 until 12 years had passed. However, the reason that
the all-stockallocation fared so comparatively well is also the briefness
ofthe decline, however steep, and the rapidity of the recovery. From June
1932, the approximate bottom, to June 1933, 12 months later, the SBBI
index of stock returns rose by 163 percent. That came too late for the
1930retiree, but those who retired one yearlater,in 1931, could sustain
4-percent withdrawals for more than 50 years, and likewise for most of
the remaining retirement dates.

THE CRASH OF 1929 WAS, IN FACT, THE WORST
STOCK MARKET CRASH IN U.S. HISTORY, WITH A
REAL DECLINE AT THE BOTTOM OF 75-85 PERCENT,

DEPENDING ON THE METRIC.

The 100-percent fixed income portfolio fared the worst following the
1929 crash because the interest rate on savings had dropped to 2.5 per-
centby 1935 and stayed there for decades, even as inflation soared into
double digits in the 1940s during and after World War II.

Turning to the 1960s, all the allocations failed multiple times.
Nothingavailed. Figure 5 shows the magnitude of the shortfalls across
the decade. The difficulty that dogged retirement in the 1960s has long
been understood. Inflation ran too hot for too long, and stocks same as
bonds experienced a prolonged spell of weak real returns. Combining
stocks and bonds in different ratios could not overcome the challenge
of weakreal returns received from both assets.

Stepping back and reviewing the four allocations, conventional wis-
domis borne out with respect to the dangers of allocating all a retiree’s
funds to fixed income. Real rates of return on completely safe invest-
ments historically have not met the threshold for sustaining 4-percent
inflation-adjusted withdrawals (see figure 3). Peter Bernstein’s con-
fidence in the 60/40-allocation also is supported. It had the best or
second-best record with respect to failures across those two periods,
and the failures that did occur were about as mild or milder as those
seen in any other allocation. Surprisingly, the 30/70 allocation did not

FIGURE5 How Different Asset Allocations Fared for Retirement in the 1960s
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fulfill expectations that it would fare better than more aggressive allo-
cations in times of stress. Whatever the diversification bonus of com-
bining stocks and bonds, and whatever the reduction in volatility from
putting a heavy weight on bonds, this mix allocated too much to the low-
return fixed income asset, with its susceptibility to inflation.

Retirement in January 2000

Finke et al. (2013), writing about 10 years after the peak of the 1990s
boom, had good reason to question whether the 4-percent rule could
survive this new test. Stocks had declined during 2000-2002 and, after
aweakrecovery, had plunged further during 2007-2008 before bottom-
ingin March 2009.2° The yield on intermediate Treasuries also was on
course to decline below 1 percent in the years following publication of
Finke et al. (2013). With stocks sustaining a multi-year drop, and bond
yields depressed, renewed skepticism toward the 4-percent rule seemed
tobein order.

With the benefit of a dozen additional years of hindsight, it is possi-
ble to determine whether any of the asset allocation mixes tested in the
1930s and 1960s are on track to fail to sustain 30 years of withdrawals
followingretirement in January 2000.

Examining withdrawal success for retirement in 2000 has three
additional benefits. First, these events occurred in recent memory. There
canbe no dismissal of the post-2000 period as “too longago,” or “circum-
stances were so different.” Second, investment technology had made sig-
nificant strides by 2000. Most notable is the development of the index
fund by John Bogle and others. Returns for the Vanguard 500 Index fund
arenotlaboratory data; these are the actual returns, with dividends rein-
vested, that were available to ordinary investors. Likewise, by 2000 it
hadbecome possible to buy an intermediate Treasury fund and receive
the after-cost returns on this medium-duration instrument backed by
the full faith and credit of the U.S. Treasury. These funds carry no sales

TABLE 2 How Different Fund Mixes Fared for Retirement in 2000

ASSET / MIX VALUE AS OF 2024 (25 YEARS)
A: TRADITIONAL

100% stocks $3,719
60% stocks/40% bonds $12,997
30% stocks/70% bonds $12,423
100% bonds $8,974
B: NEW FUNDS

Treasury money market S0
G fund $3,667
Total bond $7,426
Balanced index $11,664
50/50 domestic and international $2,275

load and there is no exchange fee; rebalancing can be exact and does
notincur charges.

Athird advantage is the availability of assets other than stocks and
intermediate Treasuries, most notably, a variety of very-low-risk instru-
ments such as the Treasury money market fund—an equivalent of own-
ing Treasury bills without having to meet the $10,000 threshold. In
addition, international stock funds have appeared. In this connection,
Anarkulova et al. (2023), using simulations and a deep historical data-
base, argued that there was no need for investors to diversify their stock
portfolios with any fixed income at all; a combination of domestic and
international stock indexes sufficed to navigate accumulation followed
by decumulation. Theirs was alaboratory finding, same as Bengen’s;
the post-2000 fund results allow a test of real-world after-cost interna-
tional diversification for the U.S. investor.

Table 2, panel A shows the results so far for the four allocations tested
earlierin table 1, using post-2000 fund returns down through 2024, or
25yearsinall. Table 2, panel Bintroduces a selection of pertinent assets
and asset mixes thathad not been available for testingin earlier periods.
The key metric for evaluating these allocations at the 25-year point is the
projected number of additional years that withdrawals can be sustained.
This can only be an estimate and is made as simple as possible: the end-
2024 balance divided by the projected 2025 withdrawal. That quotient
is added to the 25 years sustained so far to project whether Bengen’s
30-year criterion might be met at the end of 2029.

Takingtable 2, panel A first, all four asset mixes are on track to sus-
tain withdrawals to the 30-year criterion. The only allocation having
somerisk of failure is the 100-percent allocation to stocks. Given a zero
netrealreturn during the next five years, it will sustain withdrawals for
another 4.8 years, a borderline case. Any real loss in stocks during the
period would threaten that success, and conversely, any further gains
might avert failure.

PROJECTED ADDITIONAL YEARS EXPECTED YEARS SUSTAINED IN TOTAL

4.8 29.8
16.8 41.8
16.1 411
11.6 36.6
— [24]
4.7 29.7
9.6 34.6
15.1 40.1
2.9 27.9

Note. Traditional mixes tested using the Vanguard 500 Index fund and the Vanguard Intermediate Treasury fund. New funds use VUSUX for money market, VBTLX for total bond, VBIAX for balanced index, and VFIAX
and VTIAX for the domestic-international blend. Projected additional years is the estimated 2025 withdrawal of $772, assuming 3-percent inflation in 2025, divided into the 2024 nominal balances. Starting portfolio

value was $10,000.
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The 100-percent allocation to intermediate Treasuries was much
more successfulin this period than the safe assethad beenin the 1930s
and 1960s,%* showing an expectation that 36 years of withdrawals in
all might be sustained. The 60/40 and 30/70 blends with intermediate
Treasuries are the most successful of the set, with each on track to sus-
tain withdrawals for more than 41 years. The reason stock and bond
diversification worked so well for the 2000 retiree is straightforward:
The correlation between the stock and intermediate Treasury funds
was anegative 0.40 across these 25 years, far more favorable than could
be expected.??

Turning to table 2, panel B, the new assets tested are ordered from
most conservative to least. Taking the Treasury bill equivalent first,
this completely safe allocation already has failed, running out of money
at the end of 2023, after only 24 years, parallel to how savings depos-
its performed in the 1930s and 1960s (see table 1). Treasury bill rates
dropped below 1.0 percent (nominal)in 2009 and stayed below 1.0 per-
cent for the next eight years.

THE INVESTOR GETS THE UPSIDE BENEFIT OF
DURATION—THE AVERAGE MATURITY RUNS
NEARLY 17 YEARS—WITHOUT ANY DOWNSIDE

VOLATILITY RISK.

No advisor should expect a money market fund or other Treasury bill
equivalent to sustain real withdrawals as high as 4 percent over three
decades. Expectations may run higher, atleast on the part of some retir-
ees, for the G fund, available to federal employees as part of their Thrift
Savings Plan. This fund pays the average yield on all Treasuries with
more than four years remaining to maturity. Like a Treasury bill, there
is no possibility of loss.?® The investor gets the upside benefit of dura-
tion—the average maturity runs nearly 17 years—without any downside
volatility risk. However, as table 2 shows, a 100-percent allocation to the
G fund may not quite reach the 30-year criterion. Almost any shortfallin
real return during the next five years will set it back. The problem was
the financial repression that followed the 2007-2009 downturn, when
G fund nominal returns were depressed to 2.0 percent and below.?*

The next assetis the total bond fund, now used as the fixed income
assetin Vanguard’s target retirement funds.?® It allows the investor to
hold the market portfolio in the domestic investment-grade bond space:
all bonds with maturity greater than one year, in market weight, com-
prising more than 10,000 securities, in a single low-cost wrapper.2®
A100-percent allocation to total bond did quite well for the 2000 retiree,
on track to sustain more than 34 years. That’s not quite as good as the
intermediate Treasury fund, and 60/40 and 30/70 mixes using total
bond also were not quite as successful (not tabled). The problem with
the blends appears to be the positive correlation of total bond with the

stock fund, 0.27 versus a negative 0.40 for intermediate Treasuries, lim-
iting the diversification bonus.

Continuing, Vanguard offers a balanced index fund, which may
be thought of as Peter Bernstein’s recommended allocation in a con-
venient, low-cost package: 60 percent allocated to the market portfo-
lio in domestic stocks, 40 percent to the market portfolio in domestic
investment-grade bonds. This fund was quite successful, on track to
sustain withdrawals for 40 years.

Finally, the bottom row shows results for a 50/50 blend of domestic
stocks and international stocks. This allocation is on track to fail atless
than 28 years. The relatively poor performance of international stocks
in U.S. dollar terms following 2009, and the very high correlation of 0.85
with domestic stocks, may explain the failure.?”

In summary, perfectly safe investments in nominal terms, under
conditions where there is some inflation, are unlikely to return enough
to support areal withdrawal rate as high as 4 percent. When stocks
plunge, financial repression may cause yields to plunge on completely
safeinvestments as well. When the asset is completely safe against even
temporary loss, i.e., no duration risk, there is no capital appreciation
to be gained from any fall of yields. Conversely, assets with an inter-
mediate duration, such as total bond and intermediate Treasuries, can
benefit when there is a flight to safety. The inadequacy of perfectly safe
investments, with respect to sustaining a substantial level of real with-
drawals, now has been established on three separate occasions where
the timing of retirement was unfortunate, atleast for the stock investor
ofthe 1930s, 1960s, and 2000s. Advisors who have very fearful or con-
servative clients need to hammer this point: It typically is not possible
for a completely safe fixed income asset to sustain a withdrawal rate as
high as4-percentreal.

More External Validity

There is one additional problem with fixed withdrawal rates. In addi-
tion to their dependence on the exactlevel of real return, the volatility of
thosereturns, and their sequence, the timing of withdrawals also makes
asubstantial difference to whether withdrawals can be sustained.

Recall that Bengen’s withdrawals were taken in an unrealistic man-
ner that also favored success: only once at year end, after the portfolio
had been credited with that year’s return (Horan 2024). Retirees who
expect tolive off withdrawals from their portfolios would proceed differ-
ently, taking monthly withdrawals beginning January 1 and continuing
these on the first of each month. The first withdrawal would be exactly
one-twelfth of 4 percent (or 0.3333 percent) of the portfolio value at the
end of the prior month and the dollar amount of the second month’s with-
drawal would be increased by inflation over the trailing month. That pro-
cedure would provide an inflation-adjusted stream of monthly income
attheindicated annual withdrawal rate, here 4 percent.

This more realistic approach to withdrawals makes a marked differ-
ence for the stock investor who retired in 2000. After 300 months, the
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TABLE 3 Effect of Monthly Withdrawals for a Retirement in 2000

ASSET MIX (STANDARD DEVIATION) VALUE AFTER 300 MONTHS PROJECTED ADDITIONAL MONTHS PROJECTED TOTAL IN YEARS
100% stock $1,989 31.9 27.6
Balanced index fund $10,672 171.0 39.2
Total bond $7,278 116.6 34.7
Balanced index with 1% fee $5,061 81.1 31.8
Total bond with inflation +10 bps per month $4,458 53.0 29.4

all-stock portfolio is now on track to be exhausted in 32 more months,
orafterlessthan 28 years (see table 3), validating the fears expressed in
Finke etal. (2013).28 The balanced fund is only slightly impacted, and the
effect on total bond is almostinvisible, with still about 10 years remain-
ing, same as before. Steppingback, the disparate impact of switching to
monthly withdrawals appears to track differences in volatility. The stock
series, with a monthly standard deviation of 4.4 percent, suffers with
monthly withdrawals, while the other two, with deviations of 2.8 per-
centand 1.2 percent, respectively, sufferless ornotatall. This stands to
reason because the stock market was much lower at the end of February
2009 than at the end of 2009. Withdrawals taken at the trough of such
downward spikes necessarily are more deleterious than withdrawals
taken atthe end of the year after some recovery occurred.

The results support the value of volatility damping during decu-
mulation, and therefore of balanced mixes generally. Lest the planner
grow too confident that the 4-percent rule can be sustained with mod-
ern investment technology when a balanced or other conservative mix
isused, the bottom of table 3 shows are-estimate of the longevity of the
60/40 portfolio after making a small alteration. Monthly returns are
reduced by 0.0833 percent to reflect a 1-percent AUM fee, which might
be necessary if the client wanted a custom version of the 60/40 blend,
or needed hand-holding to stay in the market even with this volatility-
dampingbalanced mix. For the total bond portfolio, a different alter-
ation is considered: Inflation is made to run 10 bps higher per month
than the actualrecord.

These changes have an invidious effect. Where the 60/40 portfo-
lio without fees had been on track to make it 39 years, with a 1-percent
annual AUM applied monthly itis now on track to last only 31.75 years.
The total bond portfolio, which had been on track to reach 35 years, may
now fail at 29.5 years.

Summary

Switching to monthly withdrawals from the volatile stock fund caused a
clear failure of the 4- percent rule for retirementin 2000. Addinga stan-
dard fee of 1 percent of AUM, billed monthly, almost caused the 60/40
portfolio to fail. And if inflation had run just 10 bps per month higher,
owning the total investment-grade bond market would have failed the
2000retiree.

Summary and Conclusion

Fixed withdrawal rates under field conditions are hazardous to retiree
wealth. Any such inflexible system of withdrawals is vulnerable to a tip-
pingpoint, where returns justabit lower, or inflation just a bit higher, or
asequence somewhat worse, will lead to premature exhaustion of funds.
More generally, laboratory analyses that ignore costs, whether these
be the expenses incurred by mutual funds or the fees charged by plan-
ners, are likely to be misleading when the goal is to sustain withdraw-
als for avery long time. Because fixed withdrawal rates are subject to a
tipping point, even a slight overestimate of return, consequent to ignor-
ing costs, may show success when a more inclusive account reflective of
costs would instead show failure.

This paper marshalled improved historical data for the United States
to show that outside the laboratory, the 4-percent rule was not failproof.
It went on to explain how fruitless the search for historical support must
always be, regardless of reductions in the withdrawal rate to something
less than 4 percent. Any substantial withdrawal rate that can be sup-
ported on one set of historical data can be shown to fail, if small reduc-
tionsinreturn are made to therecord, or smallincreasesininflation are
added. Likewise, small increases in volatility or asmall rearrangement
of the sequence of returns, or even taking withdrawals monthly rather
than annually, may suffice to convert a successful record into a failed
one. Conversely, arate solow as to survive all the historical record so far,
even after small further reductions in return (Anarkulova et al. 2022),
almost certainly will starve retirees of income they could reasonably
have enjoyed in the 99 percent of cases apart from the worst-case sce-
nario. Thatis a failure of decumulation planning.

The problem is not the level set for the withdrawal rate, 4 percent
by convention; the problem is fixing the withdrawal rate and making it
entirely inflexible over decades. Because fixed withdrawal rates applied
againstrisk portfolios are so sensitive to tipping points, even alittle flex-
ibility can go along way toward sustaining withdrawals.

The paper also called into question the hope that dialing the asset
allocation down toward a more conservative mix could rescue an already
balanced portfolio at risk of failure. Balanced mutual funds in the 1960s
failed to sustain 4-percent withdrawals because the (real) returns on
stocks and bonds were both poor—the culprit was the inflation that rav-
aged both assets.
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Finally, the paper showed thatinternational diversification offers
no silver bullet. Retirees in 2000 who owned a mix of domestic and
international stocks fared worse than those who owned domestic U.S.
stocks alone; the dollar returns on international stocks in the follow-
ing decades were simply too low.

The search for historical data to support some fixed rate of withdrawal
is futile. The effort is better spent on testing and comparing approaches
to flexible withdrawals, whether using the required minimum distribu-
tion schedule in Larson (2022), the virtual annuitization of Waring and
Siegel (2015), or the several approaches reviewed in Blanchett (2023).

Edward F. McQuarrie, PhD, is professoremeritusin the Leavey School of Business
atSanta Clara University. Contact him at emcquarrie@scu.edu.

ENDNOTES

1. Blanchett (2023) and Horan (2024) provide an overview of the extensive
literature on withdrawal strategies.

2. Otherresearchers have used a wider selection of asset returns to come to
similar conclusions, as in Cooley et al. (1998). Bengen (2006; 2025) also
considers a wider range of asset mixes.

3. InBengen and in this paper, retirement in year X means retirement on
January 1 of that year, so that calendar year returns can be applied.

4. Inflation values also are taken from the SBBI, which reports the post-1926
average rate of inflation to be about 3 percent.

5. Figure 1 omits the 1976 start year in Bengen, because 50 years of observed
returns are not yet available.

6. Bengen assumed a $1-million portfolio split 50/50.

7. The funds used may be found in the appendix to McQuarrie (2023). The
source of returns was the Wiesenberger yearbooks (1941-1986), and these
give the stock and bond allocations of the funds.

8. Technically, a 1937 start date would have led to exhaustion at 29.56 years
with sales load subtracted; this “failure” is ignored.

9. These and later statements about market returns, bond yields, and other
characteristics of assets are sourced from the appendix of the SBBI.

10. But only if the withdrawal is made at the end of the year after the return
is booked, per the Bengen model. If 4 percent is withdrawn on January 1,
the perpetuity will have to pay about 4.17 percent to sustain withdrawals
indefinitely.

11. Typically described as “sequence of return risk,” or SORR (Estrada 2020).

12. Again, these are returns on the S&P indexes and the five-year Treasury
from the SBBI, in a 50/50 blend rebalanced each year.

13. Asareminder, alterations to the arithmetic mean return do not translate
one for one to alterations in the annualized (geometric mean) return.

14. Ata 50-bpsreduction, failure would have occurred at 28.5 years.

15. See Estrada (2020) for a systematic approach to assessing sequence-of-
return risk.

16. Althoughiitis correct to describe Retirement Income in broad terms as a
30/70 allocation, it has some distinctive details, holding international as
well as domestic stocks and bonds, and allocating about 17 percent of the
fixed income portion to a fund containing short-term domestic Treasury
Inflation Protected Securities.

17. After 1974, McQuarrie (2023) substitutes an index of money market fund
returns, and after 1986, the Vanguard Total Bond index fund.

18. Also, there were no five-year Treasury bonds available before 1934. The
SBBI returns used by Bengen for those years were extracted from yield
curve interpolations. These can have no external validity because no asset
with the indicated yield and maturity could have been purchased. Last,
mutual funds owning government bonds, of whatever duration, could not be
found back to 1926 and were exceedingly rare before the 1970s.

19. Differentindexes show different declines. It matters whether dividends are
reinvested, and it matters whether the peak to trough decline is measured
over days, weeks, months, or years. Also, because of the 25-percent
deflation that occurred over the course of the crash, nominal declines will
be larger, as much as 90 percent for some metrics.

20. This author team published several papers on these issues around that
time, and | have cited only the one that seemed most relevant. In some of
the work the team was more concerned with the low yields on bonds after
2009 than with the stock market declines that followed 1999.

21. It has a longer duration, typically including bonds with from five to 10 years
of maturity, or three to 10 years. Interest rates declined from the beginning
of the period through 2021, favoring instruments with longer duration.

22. The long-term historical correlation as given in the SBBI has been close to
zero.

23. Absent a negative yield across the maturity spectrum, not yet seen in the
United States, but approached in some nations outside the United States.

24. Financial repression occurs under a fiat currency when the government
suppresses interest rates on those instruments it controls to very low levels.

25. Technically, these funds use a combination of a total international and a
total domestic bond fund. But an international bond index fund was not
available in early 2000, so therefore it could not be included in this table.

26. However, even the $250-billion Vanguard fund has to engage in sampling.
The roughly 10,000 bonds included omit thousands of other bonds included
inits benchmark, the Bloomberg Index.

27. This finding does not falsify the Anarkulova et al. (2023) work. These
authors, unlike Bengen (1994), did not seek a failproof solution but only a
superior strategy, using the criterion of fewer failures.

28. Within the framework of Horan (2024), this test consists of deliberately
mismatching the duration of two cash flows: the Bengen tradition, in which
withdrawals are taken at the end of the year, versus the commonsense
assumption that withdrawals intended to cover living expenses will need to
be taken monthly beginning in January. Horan found that when duration is
matched, the interval over which withdrawals are taken has no effect, and
these results for deliberately mismatched durations do not call that finding
into question.
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