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Key Ideas

It is well understood that rebalancing is a necessary step in 
restoring a portfolio of volatile assets back to its target weights. 
Whether it is performed periodically or triggered when actual 
weightings move too far from target, rebalancing a portfolio will 
naturally lead to selling assets that have outperformed the portfolio 
and buying assets that have underperformed the portfolio.

It is much less widely understood that rebalancing can actually 
be a source of return for the portfolio. Despite the fact that this 
observation dates back to 1982 [Fernholz and Shay] and has 
been successfully used to manage portfolios for nearly as long, it 
has come under considerable attack in the recent past by some 
academics and practitioners. The main arguments used by these 
detractors are:

1.  There is no return benefit because the portfolio’s expected wealth 
does not increase.

2.  The return benefit exists, but is due to diversification, not 
rebalancing.

3.  The return benefit relies on mean-reversion. 

These arguments may appear compelling at first glance, but all 
three are fundamentally flawed. This article explains why.



1. Compound returns are more 
relevant than expected returns
The meaning of the expected return of a portfolio is often 
misunderstood. The expected return simply indicates how well 
the portfolio will perform, on average, in a single predetermined 
period of time. It is closely related to the concept of expected 
terminal wealth, which is the average value of the investment 
after a certain period of time (the ‘term’ of the investment). 
These measures can be useful for determining the soundness 
of an investment over a fixed period of time, but can also 
be highly misleading in the presence of compounding over 
multiple periods.

The real danger of focusing on expected return comes from 
overreliance on the simple average. Hundreds of years of 
research into statistics and probability theory have led to 
the understanding that the average does not tell the whole 
story. It is therefore perplexing to see papers published in 
the 21st century [Chambers and Zdanowicz; Cuthbertson et 
al.; Qian] explicitly or implicitly promote expected return and 
volatility as the primary determinants of the desirability of an 
investment. The real problem with this narrow view is that the 
median return can be much lower than the average return. 
This means that it is likely that the typical return experienced 
by the investor is substantially less than the expected return. 
Furthermore, compounding the investment over multiple 

periods usually exacerbates the difference between the 
median and the average, so that, after a number of iterations, 
it becomes less and less likely that the expected (i.e., average) 
return is achieved. Don’t be fooled by the terminology: 
‘expected’ doesn’t mean ‘likely.’

To illustrate this, consider a speculative investment of $10 
that has a 1% chance of hitting a $1,000,000 payoff in one 
year’s time, but a 99% chance of falling to $1 (see Figure 1). The 
expected return1 of the investment is a staggering 99,909.9%, 
but in this case the term ‘expected return’ is highly misleading: 
a rational person would probably ‘expect’ to lose $9 on this 
investment! It may still seem like a great opportunity since the 
upside potential is so huge, however very unlikely to be realized.

1 The expected return is computed as follows: E(R) = 0.01 × (1000000/10 – 1) + 0.99 × (1/10 – 1) = 99,909.9%.

Typical Return vs. Expected Return

Don’t be fooled by the terminology:  
‘expected’ doesn’t mean ‘likely’. 

FIGURE 1 
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On the other hand, if you continue to reinvest your proceeds 
in the same investment, thus subjecting yourself to 
compounding, you will almost certainly be disappointed in the 
outcome. Assuming the different periods are independent, the 
‘expected return’ becomes astronomically high over time, but 
there is also virtually no chance of getting anywhere near it. 
Indeed, for every five times the investment doesn’t pay off, you 
need to hit the payoff once just to break even. (For example, 
even if it pays off the first time to give you the million, the next 
five losses will see you successively having $100K, $10K, $1K, 
$100 and then the original $10.) No surprise, then, that the 
compound return2 of the investment is around −88.5%.

While the example is somewhat extreme in its outcomes, it is 
nonetheless illustrative of the main point: the expected return 
is most useful for understanding a reasonably narrow range 
of outcomes for a fixed term that is known in advance. For an 
investment with an open-ended time horizon, such as the vast 
majority of retirement-related investments, the compound 
return is what really matters. It is therefore appropriate to 
assess any gain in compound return as a return benefit, even  
if the expected return stays the same.

2. Rebalancing is vital to preserving 
the gains from diversification
Suppose you now have access to a hundred uncorrelated 
investments of the type in the above example. With an initial 
capital of $1,000, it seems reasonable to place $10 in each 
of the hundred investments. In fact, the expected return is 
the same no matter what you do: it is the same staggering 
but unlikely 99,909.9% we saw in part 1 above, regardless of 
whether you diversify or put the whole $1,000 in one of the 
investments. Diversification has no impact on the expected 
average return. The compound return, however, does change. 
Instead of the awful −88.5% compound return for a single 
investment, the diversified portfolio has a compound return  
of 4,186%. This is because there is a greater than 63.3% 
chance3  that at least one of the hundred investments hits  
the big payoff.

If precisely one of the investments does pay off, an immediate 
rebalance is a great idea. Otherwise, almost all of the capital 
– $1M out of the $1.000099M, to be precise – remains in the 
successful investment, and the diversification you started out 
with has all but vanished. To keep the compound return high, 
not to mention actually get any compounding at that level of 
return, it is necessary to rebalance, redistributing most of the 
capital away from the previously successful investment to the 
other investments.

It is easy to dismiss rebalancing as simply a tool to preserve 
diversification, but the relationship between the two is almost 
symbiotic: you can’t have one without the other. Without 
rebalancing, a portfolio generally tends to become more 
concentrated in the assets that have performed well, and it is 
only a matter of time before the diversification benefits erode 
away. Furthermore, the rebalancing trades themselves have a 
buy-low, sell-high quality and are profitable on average: in the 
above example, even though you buy 99 recent losers, the one 
winner that you sell more than makes up for those losses. The 
rebalancing has locked in the gains from the diversification, 
which otherwise might be lost.

Does diversification always improve the compound return? 
In general, it depends on how diversification is measured. 
Diversification as a tool for reducing risk has been studied for 
decades and several ways to measure it have been proposed 
over the years [Frahm and Wiechers; Chouifaty and Coignard], 
but only one method provides a direct measurement of the 
associated increase in compound return. This measure depends 
on the difference between (and not the ratio of) the average 
asset variance and the portfolio variance. To see why this is so, 
consider the well-known approximate relationship between 
expected return and compound return for a portfolio: 

2  Whenever the term appears in this article, ‘compound return’ refers to the long-term compound return, in the limit as the number of periods tends to infinity.  
In many applications, for example when the returns are statistically independent, this equals exp(E(log(1+R))) – 1. In the example,  
compound return = exp(0.99 log(0.1) + 0.01 log(100000)) – 1 ≈ –88.5%.

3  This follows from observing that the probability that none of the investments pay off is 0.99100 ≈ 36.6%. 
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Half the variance of the portfolio is subtracted from the 
portfolio’s expected return in order to arrive at the portfolio’s 
compound return. As the variance of the portfolio appears 
to detract from the portfolio’s compound return, the false 
conclusion is often drawn that if you reduce the portfolio’s 
variance you will always increase the compound return. 
This is only true if the reduction in volatility does not also 
commensurately decrease the expected return of the portfolio.4

In the highly unlikely case where all the assets in a portfolio 
have identical expected returns, the expected return of the 
portfolio will indeed also be the same (in the absence of trading 
costs) regardless of the way you structure it. In this particular 
case, then, it is true that minimizing the variance will also give 
the highest compound return. It is easy, therefore, to make the 
mistake of concluding that diversification ‘only’ improves the 
compound return because volatility is decreased [Cuthbertson 
et al.]. But if the expected returns of the individual assets in the 
portfolio are different, as is generally the case in the real world, 
one must apply the above relationship between compound and 
expected return individually to each asset:

Since the expected return of the portfolio is simply the 
weighted average of the expected returns of the assets in 
the portfolio, it follows that 5 there is a discrepancy between 
the compound return of a portfolio and the weighted average 
of the compound returns of the assets in the portfolio. This 
gap equals one half the difference between the average asset 
variance and the portfolio variance, and it represents the boost 
to the portfolio compound return arising from diversification:

 
No other formula for diversification shows the return benefit 
this directly and generally. This formula also demonstrates that 
when the assets do not all have identical expected returns, 
minimizing the portfolio variance is not the optimal way to 
improve diversification: you have to take the individual asset 
variance into account as well.6

It immediately follows that, if the variances of the assets or 
the portfolio are changing over time, as they inevitably do in 
the real world, then the diversification benefit will also change. 
It would naturally make sense to respond to the changing 

4  In practice, reducing portfolio volatility without impacting expected return often requires portfolio optimization, which generally results in an increase in diversification.
5   First, take weighted averages across all the assets in equation (2), then compare with equation (1). The first term on the right-hand side of each equation is the same 

(expected portfolio return equals weighted average expected return of assets). However, the second term is not, since the portfolio variance is less than the weighted 
average asset variance, if no short positions are allowed.

6   If all the assets have identically distributed returns, then the weighted average asset variance is the same no matter what the weighting. In this special case, the only way to 
increase diversification is evidently to reduce the variance.

It is easy to make the mistake of 
concluding that diversification ‘only’ 
improves the compound return because 
volatility is decreased.
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landscape by modifying the asset weighting policy to take this 
into account. In that case, the trading necessary to maintain the 
portfolio is not strictly speaking ‘rebalancing,’ since the targets 
are not static, but are varying. Nonetheless, the terminology 
is still appropriate since the trading has the same character 
as traditional rebalancing: on average, you are systematically 
selling recent winners and reinvesting the profits in recent 
losers. This has the effect of locking in previous gains and 
keeping the portfolio more diversified, using the volatility of  
the individual assets within the portfolio to continue to push  
up the compound return of the portfolio as a whole.

3. Individual-asset mean-reversion  
is not necessary
The above formulas are not always intuitive, even if the notion 
of buying low and selling high does sound reasonable. For this 
reason, it is common to demonstrate the effect of rebalancing 
by imagining two risky assets that are perfectly negatively 
correlated. For example, suppose that each asset has an even 

chance of rising by 25% or declining by 20% in a year, but due 
to the negative correlation, if one of the assets rises, then the 
other one falls. If asset A rises in the first year and falls in the 
second year, and asset B does the opposite, then the two-year 
return is zero for each of the two assets as well as for any buy 
and- hold portfolio of the two assets. Figure 2 (a) depicts a buy 
and- hold portfolio that is initially equal-weighted, with $100 in 
each asset.

Rebalancing to equal weights produces a different situation: by 
selling the recent winner and investing in the recent loser, the 
portfolio returns 2.5% per year, as is depicted in Figure 2(b). In 
fact, so long as the portfolio is always rebalanced back to equal 
weights, then no matter which of asset A and asset B happens 
to rise, the portfolio always returns 2.5% a year.

Even though Figures 2(a) and 2(b) appear to show mean-
reverting assets, the certain 2.5% annual return in the case of 
rebalancing to equal weights does not depend on this. This is 
clear in the case shown in Figure 3(b): if asset A rises twice and 

FIGURE 3

PERFORMANCE OF PORTFOLIO, TRENDING CASE*:
(a) buy-and-hold portfolio performance (b) rebalanced portfolio performance
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*Hypothetical illustration. Trading costs and other expenses have not been considered.
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asset B falls twice, the portfolio value still rises from $205 to 
$210.125 at the second step: a return of 2.5% a year. This case 
may be thought of as the ‘trending,’ or non-mean reverting, 
case.

How about the non-rebalanced (i.e., buy-and-hold) portfolio? 
To understand this, it is necessary to look at the two cases 
separately. In the reversion case (Figure 2), the $200 initial 
investment ends up at $200, so the rebalanced portfolio is 
superior. In the trending case (Figure 3), the buy-and-hold 
portfolio ends up at $220.25, outperforming the rebalanced 
portfolio. Since these two outcomes are equally likely in this 
example, and the average is the same whether or not one 
rebalances,7 have we gained anything by rebalancing, other  
than reducing the volatility by narrowing the outcomes from 
two to one?

Yes! The compound return of the rebalanced portfolio has 
improved relative to the buy-and-hold one. In the buy-and- 
hold case, the compound return in the second year is 2.38%,  
as opposed to 2.5% for the first year.8 This comes from the 
drop in diversification, which inevitably follows the failure to 
rebalance. If this continues for 100 years, the expected terminal 
wealth is $2,362.74, but the realized wealth is less than this 
more than 86.6% of the time. The compound return for the 
entire period is only about 1.24%, compared to a steady 2.5% 
for the rebalanced portfolio.

This analysis did not assume any mean-reversion of asset 
prices. Every possibility was included, including the highly 
unlikely ‘ultimate trending’ case where one of the assets rises 
each year for 100 years.9 The expected terminal wealth is rarely 
achieved, but when it is, the actual payoff is often huge due 
to the concentration of wealth in one of the assets. It is true 

7   Rebalancing always produces $210.125 after the second step; the buy-and-hold either produces $200 or $220.25 with equal probability; the average of $200 and $220.25 
is indeed $210.125.

8   The computation is straightforward: since the first period ends with $205, and the second period ends with an equal chance of $200 or $220.25,  
compound return = exp(½ log(200/205) + ½ log(220.25/205)) – 1 ≈ 2.38%.

9  A corroborating spreadsheet is available upon request from the authors. The experiment can also be analyzed using Monte Carlo simulations, but this is unnecessary since an 
explicit mathematical analysis is straightforward.

10   Care must be taken to estimate transaction costs for the scale of assets being traded, then select a trading strategy so that these costs do not overwhelm the expected 
benefit.

that systematic rebalancing would have prevented this rare 
opportunity from transpiring. It is worth noting that if one 
excludes outcomes where one of the two stocks ends up with 
a market weight greater than 99.99%, the expected terminal 
wealth of the buy-and-hold portfolio drops to $1,122.18, while 
the rebalanced portfolio still ends up at $2,362.74. Once again, 
the notion of expected terminal wealth fails to describe the 
likely outcome.

Any two-asset example should be thought of as illustrative 
only. One may retrospectively find a case of two stocks that 
exhibit mean-reverting behavior [Bouchey et al.], or alternatively 
a case where one stock dominates the other; these examples 
cannot possibly prove or disprove anything about the 
diversification/rebalancing effect any more than a run of five 
heads in consecutive coin flips ‘proves’ that the coin is biased.

Real-world portfolios – especially stock portfolios – are usually 
comprised of many more than two assets. The correlations and 
variances of these assets will vary over time, but the benefits 
of diversification and rebalancing persist. If there is extreme 
concentration in a handful of assets that ends up dominating 
the others, a buy-and-hold approach could well have worked 
out better in retrospect. In other circumstances, where no 
group of assets dominates for long periods, even if none of the 
individual asset prices are mean-reverting, the collective stability 
of the market will tend to favor the rebalancing approach.10 
While analysis of this sort of stability is beyond the scope of this 
article, there is a rich body of literature that indicates that equity 
markets generally do behave in a stable manner, where no one 
stock or group of stocks persistently dominates, even though 
most of the stock prices are not individually mean-reverting. 
(For example, see [Ichiba et al.].) These are, in fact, ideal 
circumstances for a rebalancing approach to deliver results.
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Conclusion 

Compound returns are a vital attribute for any investment whose term 

length is not known in advance, since they are more reflective of typical 

outcomes.

Even if compound returns for each asset are hard to predict in advance, 

maintaining a diversified portfolio by means of rebalancing increases the 

compound return of the portfolio as a whole relative to a buy-and-hold 

portfolio. The formula for this benefit, originally identified by our founder, 

Dr. E. Robert Fernholz in 1982, specifies the amount of this increased 

return to the extent that volatilities can be estimated, gross of transaction 

costs. Rebalancing and diversification are inextricably linked concepts. 

Mean-reversion of individual asset prices is absolutely not required for this 

phenomenon to hold, and stability of the overall market structure further 

reduces the likelihood that a buy-and-hold approach will outperform the 

diversified/rebalanced approach in the long term.
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evaluation of a potential investment in Intech’s products or the procurement of 
its services by the recipient of this document or provided to any person or entity 
other than the recipient of this document. We may record telephone calls for 
our mutual protection, to improve customer service and for regulatory record 
keeping purposes. 

Past performance is not a guarantee of future results. There is no assurance that 
the investment process will consistently lead to successful investing. 

The index returns are provided to represent the investment environment existing 
during the time periods shown. For comparison purposes, the index is fully 
invested, which includes the reinvestment of dividends and capital gains. The 
returns for the index do not include any transaction costs, management fees or 
other costs. Composition of each individual portfolio may differ from securities 
in the corresponding benchmark index. The index is used as a performance 
benchmark only, as Janus does not attempt to replicate an index. Because Janus’ 
sector weightings are a residual of portfolio construction, significant differences 
between sector weightings in client portfolios and the index are common. 

The opinions are those of the authors are subject to change at any time due 
to changes in market or economic conditions. The comments should not be 
construed as a recommendation of individual holdings or market sectors, but as 
an illustration of broader themes. 

Data source is Intech throughout unless otherwise indicated. 

Janus Henderson Investors US LLC serves as investment adviser. Janus 
Henderson, Knowledge Shared and Knowledge Labs are trademarks of Janus 
Henderson Group plc or one of its subsidiaries. © Janus Henderson Group plc.

Asia Investors
The information expressed herein is subject to change based on market and 
other conditions and is issued by Intech. The views presented are for general 
informational purposes only and are not intended as investment advice, 
as an offer or solicitation of an offer to sell or buy, or as an endorsement, 
recommendation, or sponsorship of any company, security, advisory service, 
or fund nor do they purport to address the financial objectives or specific 
investment needs of any individual reader, investor, or organization. This 
information should not be used as the sole basis for investment decisions. 
All content is presented by the date(s) published or indicated only, and may 
be superseded by subsequent market events or for other reasons. Past 
performance is no guarantee of future results. Investing involves risk, including 
possible loss of principal and fluctuation of value. Indexes are unmanaged and 
cannot be invested in directly. 

Not all products or services are available in all jurisdictions. This material or 
information contained in it may be restricted by law, may not be reproduced 
or referred to without express written permission or used in any jurisdiction 
or circumstance in which its use would be unlawful. Intech is not responsible 
for any unlawful distribution of this material to any third parties, in whole or in 
part. The contents of this material have not been approved or endorsed by any 
regulatory agency. 

For use only by institutional, professional, qualified and sophisticated investors, 
qualified distributors, wholesale investors, and wholesale clients as defined by 
the applicable jurisdiction. 

Hypothetical performance results presented are for illustrative purposes 
only. Hypothetical performance is not real and has many inherent limitations. 
It does not reflect the results or risks associated with actual trading or the 
actual performance of any portfolio and has been prepared with the benefit 
of hindsight. Therefore, there is no guarantee that an actual portfolio would 
have achieved the results shown. In fact, there will be differences between 
hypothetical and actual results. No investor should assume that future 
performance will be profitable, or equal to the results shown. Hypothetical 
results do not reflect the deduction of advisory fees and other expenses incurred 
in the management of a portfolio.  
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Intech is a private, quantitative asset manager investing on behalf of pension funds, 

governments, endowments, foundations, and other institutional investors worldwide. 

Having pioneered the application of Stochastic Portfolio Theory in 1987, Intech continues 

to seek distinctive alpha sources for clients in five continents. Today, Intech provides 

investment solutions encompassing ESG, absolute return, defensive equity, and 

traditional long-only strategies.
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