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Rebalancing Luck

ebalancing is an essential piece of the portfolio management
process. It allows us to evaluate new information and align the
portfolio with our target allocations. The frequency of rebalancing
is generally well informed. It reflects several critical factors, including alpha
decay, transaction costs, and taxes. However, when the portfolio rebalances
often goes overlooked. As demonstrated in [1, 2, 3], this can have a profound
impact on realized performance. The dispersion in outcomes across
portfolios using identical strategies but rebalanced on different dates is the
result of path dependency. For our application, we call it rebalancing luck.

Exhibit 1
Path dependency illustration

Source: Spring Valley Asset Management. For illustrative purposes only.

Path dependency describes how initial conditions impact the future path
of events. For example, consider the arrangement of letters on a keyboard.
In the early 1870s, typewriters had a mechanical issue. When neighboring
keys were hit in rapid succession, the hammers would collide. To mitigate
the problem, they separated the most common pairs of letters. The result
became known as QWERTY, the first six letters on the top alphabetic line.
Over time, typists became proficient with QWERTY. This created a barrier
to change, even as technology improved. We no longer use typewriters,
and more efficient designs exist, yet we still use this layout today.
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Exhibit 2
QWERTY keyboard layout
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To investigate the significance of path dependency, we will use a simple
strategy developed in Faber [4]. If the current price is above the 10-month
moving average, the investor goes long the asset class. If the current price
is below the 10-month moving average, the investor goes to cash. We apply
this logic to the total return indices of the S&P 500, MSCI EAFE, S&P GSCI,
U.S.10-year note, and FTSE NAREIT. We then combine them into a portfolio
with equal weights and rebalance every 21 days. Also, we target 10%

volatility using the prior 36 months of returns with a 200% cap on gross
exposure.

Exhibit 3
Cumulative returns
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Source: Spring Valley Asset Management, Bloomberg
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Exhibit 3 displays the results using this approach. While the performance
is attractive, this is only one representation of the strategy. For example,
consider non-overlapping periods of 21 days. We can rebalance on the first
day of each period, the last day of each period, or any day in between. With
a 21-day rebalance frequency, there are 21 dates on which we can choose
to rebalance. Portfolio managers generally anchor rebalancing around
transitions in the calendar. For example, the first or last day of each month.
This choice introduces path dependency.

Exhibit 4
Sharpe ratios for each rebalance date and 95% confidence interval
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Source: Spring Valley Asset Management, Bloomberg

We begin by creating 21 portfolios. Each portfolio uses the same strategy
but rebalances on different dates. Exhibit 4 plots the Sharpe ratios for each
date and the 95% confidence interval using the approach in Lo [5]. While
we observe a wide range of outcomes, the Sharpe ratios are statistically
indistinguishable from one another. In other words, differences in
performance are likely due to random noise. However, as we can see in
Exhibit 5, there is a large amount of dispersion in total returns. The total
return spread between the best and worst-performing dates was 247%

over our sample.
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Exhibit 5

Cumulative returns across rebalance dates
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Source: Spring Valley Asset Management, Bloomberg

Range
247%

Day Ann.Return Ann. Volatility Sharpe

1 7.63% 10.71% 0.74
2 8.43% 11.03% 0.79
3 8.62% 10.93% 0.81
4 9.12% 10.90% 0.86
5 9.21% 10.91% 0.86
6 10.01% 10.99% 0.93
7 10.70% 10.81% 1.00
8 9.39% 10.88% 0.88
9 9.03% 10.97% 0.85
10 8.06% 11.11% 0.76
11 9.36% 11.29% 0.85
12 10.36% 11.02% 0.95
13 9.72% 10.88% 0.91
14 1.68% 10.87% 0.74
15 1.71% 10.75% 0.75
16 9.30% 10.84% 0.88
17 9.23% 10.63% 0.89
18 8.70% 10.80% 0.83
19 9.61% 10.90% 0.90
20 1.33% 10.80% 0.71
21 8.35% 10.77% 0.80
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In addition, short-term differences in performance can be substantial.
Exhibit 6 plots the total return spread between the best and worst-
performing dates over rolling 12-month periods. We can see that differentials
can reach up to 23% over 12 months. These spreads are entirely explained
by when each portfolio rebalanced.

Exhibit 6
Rolling 12-month return differential between the best and worst performing date
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Source: Spring Valley Asset Management, Bloomberg

Exhibit 7 shows a specific example of the strategy applied to the S&P 500
in December 2018. If the portfolio rebalanced on December 3rd, we
would have gone from cash to long the S&P 500. However, if the portfolio
rebalanced on the 4th, our signal would have kept us in cash. Despite
being only one day apart, the difference in performance approached 16%
during the month.
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Exhibit 7
Example of different results for neighboring rebalance dates applied to the S& 500
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Source: Spring Valley Asset Management, Bloomberg

We have shown that path dependency can result in a substantial amount
of variability over time. Also, we have determined that differences in
performance across dates are statistically insignificant. Therefore, our best
estimate for the future Sharpe ratio of any date is the average across all
dates. Any deviation from that average is an uncompensated source of risk.
As studied in [1, 2], we reduce this risk using a novel approach called
partitioning. Each day, we take the average of the weights over the current
and prior 20 days. In other words, we equally weight 21 overlapping sub-
portfolios. Each sub-portfolio uses the same methodology and frequency

but rebalances on a different date.

Exhibit 8

Partitioning illustration
-
\ J

Average weights across the current and prior 20 days

Source: Spring Valley Asset Management. For illustrative purposes only
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Exhibit 9 displays the results of the partitioned portfolio in the context of
all dates. We see that it tracks the average very closely. Also, the average
Sharpe ratio across each rebalance date is .84. Whereas the Sharpe ratio
for the partitioned portfolio is .88. Since the signals across dates are

imperfectly correlated, we realize a diversification benefit.

Exhibit 9

Cumulative returns to partitioned portfolio
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Source: Spring Valley Asset Management, Bloomberg
Since we rebalance every day as opposed to every 21 days, it might be
natural to assume turnover would increase. However, as shown in Exhibit
10, it does not. Since we are averaging weights across time, the weights
become smoothed. Also, because of disagreement across dates, there are

offsetting positions.

Exhibit 10
Average annual one-way turnover by rebalancing date and partitioning
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Source: Spring Valley Asset Management, Bloomberg
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Partitioning can reduce slippage and market impact as well. For example,
instead of rebalancing the entire portfolio in one day each month, we only
need to adjust about 5% of the portfolio every day. Also, large portfolios
are generally unable to rebalance over the course of a single day. They are
forced to delay the trades. Depending on the nature of the signals, there
can be a substantial degradation in performance.

We have also seen that partitioning minimizes the deviation from the
average portfolio. One way to understand this result is by observing the
age of our signals. Exhibit 11 displays the age of a portfolio rebalanced
every 21 days and one that uses partitions. The age of signals rebalanced
every 21 days is variable over time. For example, when we rebalance, our
positions reflect the most recent signals. Whereas the day before
rebalancing, our signals are 20 days old. The average age over time is 10
days. However, using the partitioned approach, the average age across the
portfolio at any point is 10 days. It is constant across time. Also, almost 5%
of the portfolio always represents the most up-to-date signals while
preserving our choice of holding period.

Exhibit 11
Age of signals calculated as days since rebalance
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Source: Spring Valley Asset Management, Bloomberg

To prove the robustness of partitioning, we will introduce a small amount
of random noise. As in [6], we will add a series of random numbers drawn
from a normal distribution with a mean of 0% and a standard deviation of

www.springvalleyam.com 8
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.025% to the daily returns of each asset class. For U.S. 10-year notes, we
use a standard deviation of .01%. We then run the strategy on our slightly
modified history. The returns from a specified number of dates are chosen
at random and combined into a portfolio. We repeat this process 1000 times
for each random combination of 1, 5, and 10 dates. We will apply this
process to a partitioned portfolio as well. Exhibit 12 plots the distribution
of Sharpe ratios. We see that the distributions contract as the number of
dates increases. Also, the partitioned approach yields the narrowest
distribution of Sharpe ratios.

Exhibit 12
Distribution of Sharpe ratios for randomly sampled date combinations with noise
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Source: Spring Valley Assef Management, Bloomberg

One explanation for this result is that partitioning scales in and out of
positions across time. The amount of agreement across sub-portfolios
acts as a level of conviction. As agreement increases, we can be more
confident that we are not capturing short-term noise. This is important
considering the most significant technical risk to a trend following system
is whipsaws. A partitioned portfolio is less susceptible to whipsaws and
random noise.

www.springvalleyam.com 9
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Exhibit 13
Percentage of signal agreement between rebalance dates
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100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
2002 2006 2010 2014 2018 2002 2006 2010 2014 2018
S&P GSCI EAFE
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
2002 2006 2010 2014 2018 2002 2006 2010 2014 2018
REIT
100%
90%
80%
70%
60%
50%

2002 2006 2010 2014 2018

Source: Spring Valley Asset Management,

The implications of path dependency are tremendous. Two managers using
the same investment process but rebalancing on different dates can realize
substantially different results. For example, when we injected a small
amount of noise, the distribution of Sharpe ratios ranged from .67 to 1.04
across individual dates. With a 10% volatility target, one manager can
realize annualized returns of approximately 6.7% and the other 10.4%. This
differential is significant, and as we have seen, can reach up to over 20%
over short time frames. However, it is entirely the result of rebalancing luck,
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[3]

[4]

[5]

[6]

not investment skill. As stated in Hoffstein et al. [2], it can be “the difference
between hired and fired.” Therefore, since differences in performance are
likely due to randomness, our goal should be to minimize this risk. Our
solution is portfolio partitioning. We have demonstrated that it can diminish
path dependency and achieve greater stability of outcomes.
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Disclaimer

The information set forth has been obtained or derived from sources believed by the authors and Spring Valley Asset Management,
LLC (“SVAM”) to be reliable. However the authors and SVAM do not make any representation or warranty, express or implied, as to
the information’s accuracy or completeness, nor does SVAM recommend that the attached information serve as the basis of any
investment decision. This document has been provided to you for information purposes and does not constitute an offer or solicitation
of an offer, or any advice or recommendation, to purchase any securities or other financial instruments, and may not be construed as
such. This document is intended exclusively for the use of the person to whom it has been delivered by SVAM and it is not to be
reproduced or redistributed to any other person. This document has been prepared solely for information purposes. The information
contained herein is only current as of the date indicated and may be superseded by subsequent market events or for other reasons.
Charts and graphs provided herein are for illustrative purposes only. Nothing contained herein constitutes investment, legal tax or
other advice nor is it to be relied on in making an investment or other decision.

There can be no assurance that an investment strategy will be successful. Historic market trends are not reliable indicators of actual
future market behavior or future performance of any particular investment which may differ materially and should not be relied upon
as such.

The information in this document may contain projections or other forward-looking statements regarding future events, targets,
forecasts or expectations regarding the strategies described herein, and is only current as of the date indicated. There is no assurance
that such events or targets will be achieved and may be significantly different from that shown here. The information in this
presentation, including statements concerning financial market trends, is based on current market conditions, which will fluctuate
and may be superseded by subsequent market events or for other reasons.

The investment strategy and themes discussed herein may be unsuitable for investors depending on their specific investment
objectives and financial situation. Please note that changes in the rate of exchange of a currency may affect the value, price or income
of an investment adversely.

Neither SVAM nor the authors assume any duty to, nor undertakes to update forward looking statements. No representation or
warranty, express or implied, is made or given by or on behalf of SVAM, the authors or any other person as to the accuracy and
completeness or fairness of the information contained in this presentation, and no responsibility or liability is accepted for any such
information. By accepting this document in its entirety, the recipient acknowledges its understanding and acceptance of the foregoing
statement.

There is no guarantee, express or implied, that long-term return and /or volatility targets will be achieved. Realized returns and/or
volatility may come in higher or lower than expected. PAST PERFORMANCE IS NOT AN INDICATION OF FUTURE PERFORMANCE.

Simulated performance results (e.g., quantitative backtests) have many inherent limitations, some of which, but not all, are described
herein. No representation is being made that any fund or account will or is likely to achieve profits or losses similar to those shown
herein. In fact, there are frequently sharp differences between hypothetical performance results and the actual results subsequently
realized by any particular trading program. One of the limitations of simulated results is that they are generally prepared with the
benefit of hindsight. In addition, simulated trading does not involve financial risk, and no hypothetical trading record can completely
account for the impact of financial risk in actual trading. For example, the ability to withstand losses or adhere to a particular trading
program in spite of trading losses are material points which can adversely affect actual trading results. The simulated results contained
herein represent the application of the quantitative models as currently in effect on the date first written above and there can be no
assurance that the models will remain the same in the future or that an application of the current models in the future will produce
similar results because the relevant market and economic conditions that prevailed during the hypothetical performance period will
not necessarily recur. There are numerous other factors related to the markets in general or to the implementation of any specific
trading program which cannot be fully accounted for in the preparation of hypothetical performance results, all of which can adversely
affect actual trading results. Discounting factors may be applied to reduce suspected anomalies. This backtest’s return, for this period,
may vary depending on the date it is run. Simulated performance results are presented for illustrative purposes only.

There is a risk of substantial loss associated with trading commodities, futures, options, derivatives and other financial instruments.
Before trading, investors should carefully consider their financial position and risk tolerance to determine if the proposed trading style
is appropriate. Investors should realize that when trading futures, commodities, options, derivatives and other financial instruments
one could lose the full balance of their account. It is also possible to lose more than the initial deposit when trading derivatives or using
leverage. All funds committed to such a trading strategy should be purely risk capital.
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