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Dynamic Rebalancing
by Gerald R. Weiss, PFP, CFP

Dynamic rebalancing is a technique that uses the fixed income portion of the client’s retirement portfolio for
cash flow withdrawals during stock market declines, to avoid the "feeding the bear" phenomenon. During
favorable market periods, dynamic rebalancing reverts to annual rebalancing. In this article, Monte Carlo
simulation will be used to investigate whether dynamic rebalancing can add portfolio lifespan for a given
initial withdrawal rate or increase the retirement portfolio’s value for target longevity.

Mr. Weiss is a sole proprietor of Weiss Financial Planning located in Dublin, California. He can be reached
at weissfp@msn.com.

Determining initial retirement portfolio withdrawal rates that avoid bankrupting the client have long been
the subject of financial planning research. Classical methods used constant investment and inflation rates
to produce an inflation-adjusted payment stream. The financial planner would enter estimates of the
constant rates into a financial spreadsheet or HP 12-C and calculate the initial income withdrawal rate
such that an investment portfolio would exhaust itself exactly at the end of the client’s life.

Typically, for an assumed inflation rate of 3.1 percent and a 50/50 balanced portfolio of equity and fixed
income with historical annualized returns of 11.3 percent and 5.1 percent, respectively, the traditional
method would calculate a permitted initial withdrawal rate of 6.7 percent for 30 years of portfolio longevity.

With the advent of today’s powerful personal computer technology, several recent articles have
investigated the effects of historical (or simulated from a probability distribution model) investment and
inflation performance on portfolio lifespan for various initial withdrawal rates using Monte Carlo techniques.
The results, as summarized in Table 1, show a significant drop in the permitted initial withdrawal rate to
what has become a rule of thumb of four percent [Lee, 2000] for a desired portfolio lifespan of 30 years.
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Several articles [Bengen, 1996,1997; Cooley, Hubbard, and Walz, 1998; and Jarrett and Stringfellow,
2000] vary the investment mix in an attempt to increase the initial withdrawal rate. Their results show that a
balanced mix of equities and fixed income (50/50 to 75/25) provided a higher initial withdrawal rate than
either 100 percent fixed income or 100 percent equities. The reduction in initial withdrawal from the 6.7
percent classical theory prediction to the 4 percent Monte Carlo simulation result is due to the effects of
market volatility.

These discouraging results have prompted some planners to suggest that retirees facing a market decline
reduce their spending during downturn periods [Stein, 1999]. One suggested strategy is to use a
withdrawal rate each year based on the current portfolio value rather than the initial portfolio value at
retirement [Williams, 1999]. This adaptive spending method guarantees that the client would not run out of
money during the client’s remaining lifespan.

While these valid methods attack the assumption that the retiree’s annual income withdrawal must always
increase with inflation during periods of market downturn, the timing of portfolio rebalancing also could
account for some of the initial withdrawal rate shortfall between the recent Monte Carlo results and the
classical constant rate theory. Although detailed simulation specifics are somewhat briefly described in
published Monte Carlo articles, the use of an annual portfolio rebalancing to preserve the targeted equity-
fixed income mix seems to be commonplace.

The annual rebalance technique as described in Bengen [1996] will be used here as a representative
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method. Briefly, at the end of any given year, the appreciated/depreciated equity and fixed income portfolio
components are combined, the inflated withdrawal income amount removed, and the resultant portfolio
rebalanced to the targeted equity/fixed income asset allocation. This technique has the advantage of
taking profits in up-market years (selling high) and buying equities at reduced prices in down-market years
(buying low), but it also has the disadvantage of selling equities when the market is in a certain downdraft
range, a condition called "feeding the bear." Although keeping an annual target asset allocation is
conceptually desirable from a client risk tolerance perspective, many planners in practice would allocate
several years of fixed income or cash to ride out the market declines. One excellent representative
approach is described in Evensky [2000] where a cash-flow reserve account is used to buffer market
volatility.

The dynamic rebalancing technique investigated in this article uses the fixed income portion of the client’s
portfolio for client income needs during market downdraft periods. (A market downdraft period is defined
as the period when the inflation-adjusted cumulative equity portion of the portfolio is below that which the
constant rate method would predict). Otherwise, during favorable market periods, dynamic rebalancing
reverts to the fixed-interval, annual rebalance method. This allows the actual asset allocation to vary within
planner-defined limits around the target asset allocation to avoid the "feeding the bear" phenomenon. In
this article, Monte Carlo analysis, coupled with a model of market investment and inflation volatility, will be
used to show whether dynamic rebalancing can add portfolio lifespan for a given initial withdrawal rate or
increase the retirement portfolio’s value for a target longevity.

The Monte Carlo simulation model consists of three components: a generator of annual investment return
and inflation sequences, a retirement portfolio cash flow spreadsheet, and a portfolio rebalance strategy
algorithm.

Inflation and Investment Returns

Monte Carlo retirement analysis typically uses one of two models for generating volatile market returns.
The first model uses rolling inflation and investment returns from actual historical data. For example, the
1926-1998 period contains 54 independent 20-year periods, 49 25-year periods, and 44 30-year periods.
The second model uses random draws of inflation and investment returns from probability distributions
whose parameters are based on the same historical period data [Kautt and Hopewell, 2000]. The
probability models are much more flexible but also can generate many stressful sequences of market
returns, such as those experienced by the recent decade of Japanese market returns, or the long U.S.
post-1929 recovery.

An excellent discussion of probability modeling serially correlated inflation data and the coupling between
annual inflation changes and equity and fixed income investment returns is presented in Pye [1999].
Regressions of inflation data were done over the 1960-96 period to determine both the yearly correlation
coefficients and pure random distribution parameters. Likewise, S&P 500 equity and fixed income
correlations with unexpected inflation were determined from 1990-96 data along with random lognormal
distribution parameters for equities and normal distribution parameters for cash, which is used as the fixed
income vehicle.

This investigation uses the above model with the mean value for inflation set equal to 3.1 percent, real
return on fixed income equal to 2 percent (5.1 percent nominal), and real return on large company equities
equal to 8 percent (11.3 percent nominal) with a standard deviation of 15.6 percent. In this analysis, the
same random-generated return sequence drives both the annual rebalance and dynamic rebalance
algorithms to compare the relative advantages of one method over the other and also to compare with the
constant rate theory. Lack of a common standard for modeling returns and reporting results, however,
makes comparison of absolute portfolio longevity or sustainable initial withdrawal rates between different
reference articles somewhat difficult for withdrawal rates and asset allocations where the longevity
success (confidence level) is rapidly changing. Table 1 is an attempt to combine results from published
articles with similar Monte Carlo modeling parameters.!

Cash Flow Spreadsheet

The retirement income cash flow spreadsheet models the individual portfolio asset projected values based
on their simulated annual investment returns, updates the annual withdrawal rate based on simulated
yearly changes to the inflation rate and implements the different rebalancing strategies. With respect to
modeling income tax effects, the complexities of current federal and state income tax laws as applied to
individual client situations prevents the use of average or marginal income tax rates in determining a
specific client initial withdrawal rate.

Use of average or marginal tax rates is more in keeping with the classical constant rate method than the
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Monte Carlo approach, which models in detail annual investment and inflation performance. The results
presented are for the tax-free case, or equivalently, the client’s taxes are assumed to be included in the
annual withdrawal. For a specific client, the cash flow spreadsheet uses a detailed income tax model
based on the clients’ unique tax situation.

Annual Rebalancing

A review of the literature provides several candidate portfolio rebalancing strategies. Two of the strategies,
annual rebalancing and dynamic rebalancing, are analyzed here. An example retirement time period using
the 1973 bear market will be used to illustrate both methods.

The annual rebalance method cashes out the investment return adjusted equity and fixed income portfolio
components at year end, removes the inflated withdrawal income amount and rebalances the remaining
portfolio to the targeted-equity fixed-income asset allocation. During years where the equity return is above
its annualized mean, annual rebalancing takes profits to add to both the equity and fixed income positions.
During years where the equity return is both below its annualized mean and below the fixed income return,
minus a factor (based on the asset allocation) times the withdrawal rate, annual rebalancing uses fixed
income profits to buy more of the reduced price equity shares, generally considered a desirable

investment strategy.?

This condition of buying low, however, usually becomes increasingly negative as the withdrawal rate
increases with inflation. For example, Figure 1 illustrates the "buying low, feeding the bear, and taking
profits" regions for several years starting with 1973. Using a 50/50 asset allocation, an initial withdrawal
rate of 5 percent, a 1973 T-bill rate of 7.5 percent and inflation of 8.7 percent, a 1973 equity return of less
than —3.4 percent would require the purchase of additional "buying low" equity shares. Using a target-
equity mean return of 11.3 percent, the "feeding the bear" equity return range for 1973 would then be -3.4
percent to 11.3 percent, and the "taking profits" region would be equity returns above 11.3 percent. For
later years, the "feed the bear" market downturn range expands because of the increasing annual inflation-
adjusted withdrawals, while the "taking profits" region depends on whether the market has recovered—for
example, the 1990 "feed the bear" range has expanded to —23.4 percent to 30.5 percent.

FIaURE 1

Selected Dynam ic Rebalancing Regions
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Dynamic Rebalancing

The dynamic rebalancing strategy varies the rebalance timing and defaults to the annual rebalancing
method whenever the actual inflation-adjusted cumulative equity return equals or exceeds the predicted
cumulative return using the equity target mean value. However, during periods where the inflation-adjusted
cumulative equity return is below its annualized mean, no equity withdrawals are made and all required
cash flow is withdrawn from the fixed income component. Since rebalancing is suspended until the equity
market has recovered, the portfolio equity allocation is allowed to float until the return of the target
conditions on which the financial plan is based.

As a practical matter, annual rebalancing is forced if the fixed income component of the portfolio is
depleted or the equity allocation exceeds a planner-set upper asset-allocation-risk limit. These adverse
conditions can occur under extended bear market or high inflation period scenarios, or when the planned
withdrawal rate or lifespan are not supported by the planned investment returns.

The dynamic rebalancing method also buys additional equity shares during severe equity downdrafts (the
buy low condition) like the annual rebalancing method discussed above. Other variations to the method
are possible, depending on the asset allocation range in which the planner is willing to let the market drive
the timing of the portfolio rebalancing.

Rebalancing Examples

To illustrate the operation of the two rebalancing strategies, Table 2 presents the case of a hypothetical
62-year-old client who has the unfortunate timing of retiring at the beginning of the 1973 bear market. The
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client desires an inflation-adjusted cash flow to maintain the current standard of living. The planner selects
a five percent initial withdrawal rate for 30 years of longevity (client age 92), resulting in an initial cash flow
of $50,000 based on a $1 million portfolio. This retirement portfolio income appears to be conservative
compared with the constant rate method prediction of 6.7 percent or $67,000 initial withdrawal. Table 2
uses actual 1973-1999 inflation and investment returns (large-cap equity and three-month T-bills for fixed
income) to reflect an actual historical return sequence (columns 2—-4). Columns 5 and 6 present the actual
inflation-adjusted cumulative equity return and cumulative target return based on mean returns of 11.3
percent equity and 3.1 percent cost-of-living index.

TABLE 3

Rnhalanrlng Strategies and tha 1973 Bear Market
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Rabalancing Strategies and tha 1973 Bear Market
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The inflation-adjusted withdrawal in column 7 shows the devastating effects of a high inflation environment
early into retirement. The retiree’s initial withdrawal of $50,000 has doubled in only eight years to $101,463
(9 percent annualized), far above the projected annual inflation target of 3.1 percent. At the end of the next
20-year period, which includes the low inflation period since 1982, the withdrawal has doubled again to
$202,678 (3.5 percent annualized).

Column 8 presents the dynamic rebalancing decision and rationale. For example, in 1973 and 1974, both
strategies buy a small amount of equities to maintain a 50 percent balanced portfolio, as the severe 1973—
74 market downdraft is below the "feed the bear" range and creates a "buy low" condition. From 1975-79,
no equities are sold and all annual cash flow is withdrawn from fixed income, as the cumulative market
return has not recovered to the target equity plan. In 1980, a portfolio rebalance is made, as the equity
exposure would exceed the planner’s upper asset allocation limit. Because the inflation-adjusted
cumulative equity return doesn’t catch up to the target until 1999, portfolio rebalancing is suspended for
intervals ranging from one to four years during the 1981-1999 period.

Columns 10-15 present the annual equity and fixed income positions after rebalancing. Column 16
compares the annual total portfolio value using the two different rebalancing strategies. Dynamic
rebalancing maintains a higher equity exposure until the market recovers, resulting in a buildup of portfolio
reserves over annual rebalancing. By 1995, the annual rebalanced portfolio is bankrupt, while the
dynamically rebalanced portfolio has a reserve of $668,906. This reserve is rapidly depleted over the next
five-year period, however, as the required inflation-adjusted withdrawals consume the portfolio even in the
presence of the above-average 1995-1999 bull market. The 30-year target portfolio lifespan is not met for
either strategy, and the need for techniques to control cash flow (spending), as suggested in the
introduction, is clear.

Results
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