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Abstract

In this paper, we describe different ways to rebalance the strategic asset allocation in a
multi-asset class portfolio by writing call and put options on the S&P 500 index. Based on
our practical observation, we assume that institutional investors define a strategic asset
allocation for their portfolios and aim to hold their exposures per asset class more or less
constant over time, i.e. within an upper and a lower boundary for each asset class. In case
of significant price moves across asset classes, a rebalancing of the portfolio is needed in
order to remain within the predefined strategic boundaries. Instead of simply watching price
movements and discretionarily deciding about potential rebalancings, we show how simple
option-writing strategies can add value over time by capturing the option premium while
systematizing an efficient rebalancing process.

We acknowledge that describing a positive expected return from option-writing strategies is
not new to financial market research and we are aware that investors already write options
to enhance returns. However, the context of applying option-writing strategies to rebalance
the strategic asset allocation of institutional investors has received scarce attention and to
our knowledge has not been tested on historical time series. Our research provides a set of
back-tested performances for a typical institutional multi-asset class portfolio and for a
variety of rebalancing scenarios using options as its primary rebalancing tool. In our
observation period beginning January 1997 to the end of 2013, we can add up to 50 basis
points per annum on the total portfolio return compared to a buy-and-hold approach
without significantly increasing the risks.
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1. Executive Summary

The idea of rebalancing the asset allocation in a portfolio is as old as investing itself. More
than 2,200 years ago, the ancient investing prescription in the Talmud advised men to split
their wealth in three equal-weighted parts; one third real estate, one third business and one
third reserves (cash). It implicitly assumes regular rebalancing to keep the exposures more
or less constant over time. Today professional investors for example Swiss pension funds,
still follow the advice and rebalance portfolios more or less regularly. But instead of simply
three-sharing, they choose different percentage allocations for a more complete set of asset
classes and they define a wide range of targets and guidelines in their strategic asset
allocation (SAA). A typical SAA does not only contain a particular target allocation but also
an upper and a lower boundary for each allocation. In case market prices of asset classes
move significantly, those boundaries serve as trigger points to buy or sell assets in order to
rebalance the portfolio back to the target SAA. The main contribution of this paper is to
demonstrate that we can rebalance a portfolio efficiently by writing call and put options.

The economic thought behind this thesis is simple and empirically proven; option-writing
should yield a premium if implied volatility exceeds realized. If the rebalancing is to be
systematically applied in a multi-asset class portfolio, the outcome at the portfolio allocation
level should be nearly identical with option-writing. An investor will buy equities if their price
has declined and he will sell equities if their price has increased. But instead of a simple wait
and see approach, investors who apply a consistent and smart option-writing strategy can
earn an additional risk premium and increase returns over time. Indeed, if no boundary is hit
during a particular period, investors collect an option premium while the classic approach
lacks this additional return.

Our results indicate that simple rule-based option-writing strategies to rebalance a portfolio
using out-of-the-money (OTM) options with the S&P 500 index as underlying returned
almost 7% p.a. from 1997 to the end of 2013, beating buy-and-hold strategies as well as
calendar- and trigger-based benchmarks on both absolute as well as risk-adjusted levels.

To rebalance a portfolio back to its SAA , it is more systematic and more effic ient
to write options than to simply watch asset prices move and then discretionarily
decide to rebalance at a later point in time.

We note further that the positive effect of rebalancing using options is robust even after
taking all costs into account and is not dependent on particular instruments as the
sensitivity analyses demonstrate. Apart from the unavoidable but manageable operational
risks, no additional economic risk arises compared to a buy-and-hold approach and the
strategy works well in most macro-economic scenarios. To summarize, we believe that
using equity option-writing strategies to rebalance a portfolio offers a very compelling
opportunity for two reasons: first to enhance absolute returns of a portfolio that is governed
by a long-term SAA and second to systematize the rebalancing process.

The remainder of the paper is organized as follows: Chapter 2 will describe the background
of the investment strategy, followed by a literature review in Chapter 3. The methodology
and the data that has been used will be discussed in Chapters 4 and 5. Chapter 6 will
introduce our base case and show the results from back-testing. Chapter 7 will then analyze
a wide range of sensitivity analyses in which different option-writing approaches are tested.
Chapter 8 will provide insight into how an effective and efficient option-writing strategy
should look and what practical caveats have to be considered. Finally, Chapter 9 will
conclude with a summary, concrete recommendations and ideas for further research.
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2. Introduction

2.1. The case of option -writing

The idea to write options in order to collect a volatility premium is hardly new as options
have been traded for many centuries (mostly on commodities in the earlier days). In 1973,
the CBOE issued the first standardized options that offered investors an opportunity to
trade via a clearing house, which increased the use of derivatives on financial markets.
Today, option-writing can be regarded as another source of positive expected returns under
certain assumptions. But that is only one part of our story. Let us note here that it is beyond
the scope of this paper to discuss general short volatility strategies. Our focus lies
exclusively on the idea of connecting option-writing with systematic portfolio rebalancing.

Option -writing generates positive returns as implied volatility is more often than
not higher than subsequent realized vol atility. We can interpret this as the
willingness of option -buyers to pay an insurance premium to option  -writers.

Although the question regarding why people buy options has gathered more attention than
why people sell them, the possibility of generating returns by writing options is not new. A
compelling argument for a positive expected return in option-writing lies in the observation
that the buyer of an option is usually interested in some form of hedging and thus willing to
pay a premium to counterparties who write the option. This thesis is supported by the
empirical observation that the implied volatility of options is more often than not higher than
the realized price volatility of the underlying, at least in the recent past (see Chapter 3)."

2.2. The case for rebalancing

Most global pension funds and almost all pension funds in Switzerland have defined an SAA
that governs their exposures to different asset classes. The main idea is to keep exposures
across asset classes constant over time instead of letting them drift loosely as in a simple
buy-and-hold approach. A typical institutional SAA does not only contain a specific
percentage value of total assets for each asset class but includes an upper and a lower
boundary for each asset class. In case of significant price moves in global financial markets,
these upper and lower boundaries serve as trigger points to either sell or buy particular
asset classes, most likely equities, in order to get back to the SAA.

One root for using an SAA lies in the idea of Asset-Liability Management (ALM) where
pension funds try to identify a stable long-term asset allocation for their portfolio that offers
the lowest risk for an expected or targeted return which is derived in a way to keep assets
and liabilities of a pension fund in balance. For our purposes, it does not matter if the basis
for an investor's SAA lies in an ALM study or any other portfolio construction tool. More
important is the notion that the SAA is not a buy-and-hold approach but a scheme that
defines weights and ranges for each asset class in the portfolio. Consequently, an investor
needs to rebalance the portfolio back to the SAA when asset prices change. A corollary of
this is that a rebalancing is triggered by changes in the exposures due to price movements
and not by time. However, our experience shows that many pension funds rebalance
portfolios back to the SAA discretionarily or according to the calendar and not necessarily
due to exposures. Section 6.3 will shed some light on our empirical evidence and on our
view that an exposure and trigger based approach is superior to a time-related solution.

Apart from the ALM perspective, we note generally that rebalancing a portfolio can enhance
returns as compared to buy-and-hold approaches as our results in Chapter 6 indicate. This

1. This observation does not only apply to equities but also to other asset classes.

SIGLO Capital Advisors AG | Birmensdorferstrasse 140 | 8003 Zurich | Switzerland | www.siglo.ch 4



ey T
SIGLO

is in line with most academic research that reports rebalancing adds value over time, simply
due to the presence of price reversals (see Chapter 3). As investors will acknowledge, over
time equity markets have been prone to large price reversals. In the last two decades, we
count three significantly positive phases including the tech bubble in the late 1990’s, the
build-up of the housing bubble between 2003 and 2007 and the ongoing recovery from the
financial crisis from March 2009 onwards. However, these same equity markets also
experienced three material drawdowns including the bursting of the Tech Bubble from 2000
to 2002, the global financial crisis in 2008 and the turbulence in the Fall of 2011.

Systematically rebalancing a multi  -asset class portfolio generates positive returns
if price reversals occur on financial markets, as they d id over the last few decades.

Today, we see no indication why further price reversals would not occur in financial markets
and across asset classes (as well as within asset classes). Therefore, we assume that it
makes sense for investors to continue defining an appropriate SAA with reasonable upper
and lower boundaries for rebalancing purposes. Additionally, we observe in practice an
ongoing popularity of ALM approaches among pension funds and most ALM studies
explicitly rely on SAAs with upper and lower boundaries to control the exposures to each
asset class in the portfolio. This leads to our belief that a rebalancing of the SAA will remain
at the core of institutional investing.

2.3. The combined case and our main thesis

The main motivation of our research project in collaboration with the CBOE: assuming that
option-writing strategies offer another source of positive returns while rebalancing is at the
heart of most institutional asset allocations, it seems only natural to combine these two
approaches into one effort: Rebalancing using options .

Rebalancing a portfolio using an option -writing approach not only helps to
systematize the portfolio rebalancing but also allows investors to enhance returns.

2.4. Institutional asset allocation  in Switzerland and globally

The base case for our analysis is focused on an average Swiss pension fund portfolio.
Nevertheless we believe that our conclusions are also valid for most other multi-asset class
portfolios as our sensitivity analyses in Chapter 7 indicate. We acknowledge that a different
SAA might cause a different choice of parameters that define the rebalancing mechanism as
well as the option-writing approach, the underlyings and the instruments.

But before we discuss rebalancing a portfolio with options and the results of our testing, we
first describe the SAAs of both Swiss and global institutional investors that we observe
today, based on surveys of industry consultants. The pension fund industry in Switzerland
has a materially lower equity allocation than Anglo-Saxon peers. Instead of having 50% to
60% in equities, Swiss pension funds tend to allocate less than 30% to global equities.
Figure 2-1 shows the average SAA for Swiss pension funds over the last 9 years, based on
Switzerland's largest public pension fund survey by Swisscanto (2013). Figure 2-2 contrasts
those findings by showing the average SAA of pension funds across different countries in
2012 based on the research conducted by Towers Watson (2013). In 2012, the average
equity allocation in Switzerland was approximately 28% which is close to the historical
average. The large allocation to "All Others" in Switzerland is dominated by local real estate
as noted in Figure 2-1. In contrast, Australia and the USA had equity allocations of more
than 50%, while the UK and Canada had more than 40%.
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Figure 2-1: Average SAA of Swiss pension funds since 2004
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Figure 2-2: Average SAA of global pension funds in 2012
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2.5. Strict rebalancing and investment discipline

A key assumption behind the calculations in this paper is that an investor always enforces
his defined rebalancing rules, i.e. that he systematically rebalances his asset allocations if
particular triggers in the SAA are met. In our base case which we will describe in more detail
in Chapter 4, we assume that the SAA allocates 30% of the portfolio to equities and that it
has upper and lower boundaries of 33% and 27% respectively. If the investor sells
approximately 15%? OTM call and put options at the same time, he already achieves his

2. For a 10% increase in the equity allocation to occur, equities need to increase by approximately 14.9%
in price assuming bonds and real estate remain flat: (0.3 * (1 + 0.149)) / (0.3 * (1 + 0.149) + 0.5 + 0.2) =
0.33. Note that there is a slight strike asymmetry given that it takes less of a drop in equities than a rally
to get to the boundary. Likewise, the magnitude of the rebalancing is different.
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rebalancing goal if he chooses strike levels accordingly (assuming constant prices on the
other asset classes). If equity prices do not move more than the approximated 15% he thus
collects the premium on both the call and the put positions. If prices move more than 15%
in either direction, one of his options will be exercised and he receives the same payoff as if
the portfolio had been rebalanced at the corresponding trigger point.

Option -writing helps to systematize the rebalancing process in a portfolio as the
approach supports the enforcement of the SAA. This creates discipline and could
enable investors to stick to their rebalancing strategy during difficult periods.

During the financial crisis of 2008, we observed several cases where the execution of the
planned rebalancing approach as defined in the SAA was questioned by decision takers.
Their main argument was based on the fact that financial markets faced exceptional times
where traditional strategies and thoughts did not seem applicable anymore. With the benefit
of hindsight and based on the empirical results in Section 6.3, we now know that a
mechanical rebalancing approach would have significantly outperformed the majority of our
observed discretionary decision-takings in the long run.

These observations of investor behavior during financial crises do not surprise people
familiar with Behavioral Finance theories as they know people tend to be driven by
emotional behavior such as fear, greed or overconfidence (see for example Sheffrin (2007)).
We can think of situations where fear starts to dominate decision-making and how it
becomes difficult from a psychological perspective to stick to defined rebalancing rules in
the SAA. In other words, it is easy to talk about investment discipline but very challenging to
apply it in practice, especially for large institutional investors that are subject to public
attention and criticism.

Therefore, we believe that an option-based approach that systematizes the rebalancing and
to a certain extent eliminates emotionally charged behavior decisions can be beneficial to
investors, particularly during periods of significant equity market reversals, because it
enforces necessary discipline and significantly reduces the risk of panic taking over.?

Option -writing implies a trigger -based instead of a purely time -based reba lancing.
Price -based triggers are economically more efficient indicators to rebalance than

the sole passage of time because they better exploit price reversal on financial
markets across asset classes.

Based on our data, our proposed trigger-based rebalancing approach is also superior to a
time-based approach. The main reason is that price moves on financial markets do not
occur equally over time. Equity market prices have declined more on a few single days or
weeks than in several other multi-year periods. Yet a time-based approach ignores such
violent short-term moves. As a consequence, potential deviations from the SAA during a
particular period (for example during fall of 2008) can grow much bigger if we solely utilize
time-based rebalancing rules. Furthermore, for this same reason a time-based approach
potentially misses great rebalancing opportunities because it cannot react with sufficient
flexibility to short-term price moves.

3. Technically it can of course not be guaranteed that the cash proceeds from the option-writing with cash
settlement is indeed invested according to the SAA and the upper and lower boundaries. But we
believe that we operate with a reasonable assumption if we stick to the formulated guidelines.
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2.6. Use of derivatives

The second key assumption in this paper is that institutional investors are allowed to use
derivatives. This is the case today in Switzerland and in most European countries as well as
in the U.S. and we see no indication of a change. So for the vast amount of institutional
money that is managed globally, we assume that investors are able to trade derivatives and
that S&P 500 puts and calls are readily available for trading, for example on exchanges.

At the same time, we must note that local regulators might require institutional investors to
manage and to report all market positions in their portfolio and in their SAA in a particular
format. Swiss institutional investors for example are not allowed to utilize financial leverage,
in the sense that the net market-value exposure must not exceed 100%. Furthermore, they
must collateralize derivative positions and take delta-adjusted exposures into account in
their reporting. It is far beyond the scope of this paper to analyze how such reporting must
look in different jurisdictions but we urge all investors to address questions regarding the
management and the reporting of derivative positions with their local regulator.

To the best of our knowledge, our analyses do not conflict with the regulatory framework in
Switzerland. In particular, we have experience using the top-rated short-term paper of the
bond allocation of 50% in our base case SAA to collateralize derivative positions and
therefore believe that our base case assumptions do not violate any law.

We also have to address the (theoretical) issue of potentially large unlimited losses when
writing equity puts and calls. If an investor sells uncovered calls, he indeed runs the risk of a
theoretical unlimited loss. In this paper we assume holding a far larger equity position than
the call notional writing. Since only covered call writing is considered no unlimited losses
can occur. Regarding put writing, we observe that a substantial part of the bond allocation
across many global institutional investors is held in top-rated treasuries. In our base case
scenario, we therefore assume that the put position will be fully collateralized by the
corresponding part of the bond portfolio. For completeness, we also computed instances
where the put is either fully or up to 50% collateralized by a special cash allocation (see
Section 7.9).
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3. Literature Review

This Chapter provides a short overview of the existing literature on options and derivatives,
on option-writing strategies as well as on the idea of rebalancing from both the academic
and the practical world. For an overview about CBOE sponsored research papers and
articles, we recommend a visit on their homepage (http://www.cboe.com/micro/BuyWrite/).

3.1. Option s and derivatives

A large part of the academic research is focused on the pricing of options. Starting with the
famous paper by Black and Scholes (1973) plus the seminal work of Merton (1973), a huge
array of technical papers about option valuation has been published (see Hull (2011) for an
overview about derivatives pricing and Bittman (2005) or Natenberg (2013) for option trading
strategies). It is beyond the scope of this paper to prove particular concepts or discuss
potential improvements to option valuation. Instead, we simply assume that the price of
options on exchanges like the CBOE reflect a fair value.

A second genre of research addresses the topic of risk measurement and management
using numerous option-based hedging strategies (for an overview about risk management
and hedging with derivatives see for example Culp (2004) or Haughey and Bychuck (2011)).
Most hedging strategies include derivative instruments. The simplest are probably plain
vanilla puts on equity indices, but there are also more advanced tools such as futures on the
VIX. On volatility in particular, Brenner and Galai (1989) published an article that proposed
the creation of a volatility index, mainly to hedge against changes in volatility. In 1992, the
CBOE retained Prof. Whaley to create a stock market volatility index based on index option
prices. Since 1993, the CBOE has computed its well-known volatility index VIX on a daily
real-time basis (for more information we recommend their homepage using the link:
http://www.cboe.com/Strategies/VIXProducts.aspx). For the purposes of this paper, we
only make use of plain vanilla puts and calls on the S&P 500 index. Extending the work to
more exotic instruments could be a topic for further research.

We are also not interested in finding ways to reduce volatility of the entire portfolio or the
equity allocation in the portfolio as has been analyzed in several papers. They find that a
covered call strategy reduces the volatility of an equity allocation significantly as Feldman
and Dhruv (2005) demonstrate when assessing the investment value of the CBOE S&P 500
BuyWrite (BXM) index and its covered call investment strategy to an investor from a total
portfolio perspective. Additionally, we are also not interested in discussing complex hedging
techniques but instead focus on using plain vanilla options to mechanically and efficiently
rebalance multi-asset class portfolios without increasing the overall portfolio.

Research on the idea of rebalancing a portfolio using options is scarce.

Yet another branch of academic research deals with positive expected returns of option-
writing and short volatility strategies relative to traditional investments in equity indices.
Whaley (2002) finds risk-adjusted performance improvement based on the BXM relative to
the S&P 500 index. Szakmary et al (2003) reported that implied volatility tends to exceed
realized volatility in commodity markets. llmanen (2011) and (2013) describes why selling or
writing options offers positive expected returns. The main point of his argument is to
capture the spread between implied and realized volatility, i.e. the willingness of market
participants to pay an insurance premium to option sellers. However, we do not elaborate in
detail under what circumstances and with what strategies we can optimally capture this
spread. As a counterweight, Nicolas Nassim Taleb (2013) can be cited because he warns, in
contrast to llmanen, about the dangers of being short volatility.
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Surprisingly few academic papers discuss how to apply option-writing strategies in
institutional portfolios for rebalancing purposes.

Among practitioners, it appears that option-writing and short volatility strategies to generate
uncorrelated returns over a traditional benchmark index have been a core research focus.
Large asset managers such as Blackrock (2013) and Goldman Sachs (2013) as well as large
investment consultants like Cambridge Associates (2011) and Russell Investments (2012)
produced research papers showing the value of writing options and selling volatility, such as
VIX futures. With the exception of two articles, we did not find papers discussing the explicit
use of option-writing for rebalancing purposes of an institutional portfolio with an SAA
including upper and lower boundaries. One is a paper by the CME Group (2009) and the
other a piece from the North Carolina Department of Treasury (2011) that presents the idea
of rebalancing its SAA with options.

3.2. Rebalancing

There are myriads of papers discussing strategic and tactical asset allocation based on
particular signals or trigger points and it is beyond the scope of this paper to provide an
overview. The idea of our paper is to demonstrate that a systematic, mechanical, approach
to rebalancing using options, (i.e. using a well-determined set of short put and call options
on the S&P 500 index) can enhance portfolio returns without materially altering the risk
profile. No forecasting skills, no timing skills and no bottom-up stock picking skills are
needed for this approach. We leave it to future research to find smarter ways to implement
the proposed rebalancing approach with options.

We also skip the discussion of the countless factor-based strategies (see Arnott et al (2013)
for an overview), where rebalancing is not addressed directly but rather a silent part of the
success story. Because in fact the examined factor tilts in those papers imply that the entire
portfolio is more or less frequently rebalanced. Instead, we focus on the basic and pure idea
of rebalancing in a multi-asset class portfolio assuming that an individually appropriate SAA
has already been defined by the investor.

Although he never published a paper on the topic, Claude Shannon deserves to be credited
as an early advocate of portfolio rebalancing and the associated "volatility harvesting"
concept dating back to the 1960’s, when he gave lessons about his observations in the
stock market at MIT. Perold and Sharpe (1995) noted that rebalancing a portfolio generates
positive returns in markets experiencing price reversals. In a more recent paper, Bouchey et
al (2012) confirmed those findings as the authors described the benefits of rebalancing per
se and showed, with a simple coin toss example, under what conditions it works. Plyakah,
Uppal and Vilkov (2012) provided similar insights regarding the benefits of rebalancing,
while addressing the issue from a different perspective, when they described why equal-
weighted stock portfolios outperformed other factor- or capitalization-based approaches.

We believe that our research about rebalancing utilizing option -writing offers a
very compelling extension to the existing literature about both those topics.

Thanks to the assembly of option-writing approaches with classic SAA rebalancing we
believe that the focus of our paper is relatively new and unexplored. Our goal is to test the
outcome when we implement our SAA rebalancing with our base case option-writing
strategy and to evaluate how sensitivity analyses influence the results. For that, we take the
options’ valuation as given by historical options’ market prices and we rebalance based on
very simple upper and lower boundaries as will be discussed in Chapters 6 and 7.
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4. Methodology

Our paper combines qualitative and quantitative analyses. The qualitative portion discusses
how rebalancing using options can enhance returns in an SAA context and explains our
thoughts behind the testing. In the quantitative portion, we calculate several return time-
series to assess the historically achievable performances of different SAAs with various
option-writing strategies to rebalance portfolios. Chapter 6 illustrates calculations in detail.

To evaluate our results not only on an absolute but also on a relative basis, we compute
three benchmarks, introduced in Section 4.2, consisting of the same basic multi-asset class
portfolio with the same SAA but rebalanced via traditional strategies (see Section 6.3).
These allow us to test our main thesis, i.e. to determine if an option writing rebalancing
strategy outperforms traditional rebalancing techniques or the option of not rebalancing at
all. For our calculations, we used the algorithmic, open-source, trading platform
"AlgoTrader" that provided flexibility for the design of the different strategies and allowed us
to test our approaches (for more information visit the homepage www.algotrader.ch).

4.1. Base case rebalancing

To keep things simple, we have defined a base case scenario as a basis for all tests. Later
in our analysis, we will change particular elements and assumptions of our base case in
order to take more complex thoughts into account. Our base case has its roots in the
average SAA of Swiss pension funds as it has an allocation of in 30% equities, 50% bonds
and 20% real estate.

We use popular market indexes like the S&P 500 Total Return, the Citigroup WGBI and the
WUPIXF index (listed Swiss real estate funds) as proxies for our asset classes. All details
about the proxies and benchmarks we use for each asset class are given in Chapter 5.

In our base case scenario, we use a multi -asset class portfolio with an SAA of 30%
equities, 50% bonds and 20% real estate. T he upper and lower boundaries for
equities, that serve as trigger levels, are set at 33% and 27% respectively.

If, for example equity prices decline, the lower boundary of 27% might be hit and investors
should then buy equities to restore the SAA allocation of 30% for equities, 50% bonds and
20% real estate. If on the other hand equities continue to perform well, the upper boundary
of 33% of the portfolio might be breached and investors should sell equities to reduce the
exposure and get back in line with the SAA. Our base case rebalancing technique therefore
is simply defined as writing one call for 3% of the equity assets when the upper limit of 33%
for equities is reached, and writing one put for 3% of the equity assets when the lower
boundary of 27% for equities is breached. This will ignite the rebalancing process.

It is beyond the scope of the paper to write options with bond or real estate underlyings so
we only consider boundaries on the equity allocation to ignite a rebalancing while the other
asset classes’ allocations are not subject to particular boundaries. However, we always fully
rebalance towards the SAA allocation for all asset classes and we take the historical price
development of all assets into account, (see Section 6.1 for detailed calculation examples).
This guarantees that we can rely on observable prices to trade all asset classes, which in
practice might be more difficult, especially for direct real estate allocations.

When equity boundaries are hit, we rebalance the entire portfolio back to the SAA
and we ta ke the full historical price development of all asset classes into account.
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4.2. Rebalancing benchmarks

To measure the added value of rebalancing using options, we need a benchmark approach
for a "normal" rebalancing that simply waits to see if limits are triggered plus a benchmark
for no rebalancing at all. Looking at the rebalancing approaches of institutional investors, it
seems appropriate to define three different benchmarks that mimic typical behavior.

We use three different benchmarks to measure our results for rebalancing with
options . The first is a purely trigger -based benchmark, the second mix of calendar
and trigger -based and the third a pure buy -and-hold benchmark.

The first benchmark is purely trigger based. It mechanically rebalances the entire portfolio
instantly whenever an upper or lower boundary is hit due to price moves. Also, the timing of
price moves is irrelevant for this benchmark because we assume that the investor is able to
execute whenever needed and without slippage. This might pose challenges in reality and
not all institutional investors have both the tools and the freedom to rebalance in such
manner. Nevertheless, this benchmark shall be interpreted as a pure and therefore to some
extent, optimal rebalancing approach. In practice, this benchmark could be costly to
implement directly with stocks or ETFs because it could involve large transaction volumes
and potentially market-moving prices. However, it seems possible that such a trigger-based
benchmark could be implemented more cost effectively with futures.

In contrast, the second benchmark is a mix between the trigger-based approach and a
calendar-based one. At the end of every quarter, investors review their portfolio to
determine if it needs to be rebalanced back to the SAA. If this is the case, rebalancing
occurs. For example, if the equity allocation exceeds the upper boundary in the middle of a
month but at the end of the quarter it is again within the authorized limits, no rebalancing is
performed at that time. Although this approach could be sub-optimal, it actually reflects our
observations of most institutional investors. We also calculated such a benchmark with
monthly rebalancing instead of quarterly but did not find significant differences® and
therefore have chosen the more popular approach.

Lastly, we use a third benchmark that reflects a buy-and-hold portfolio without rebalancing.
As previously discussed, most institutional investors do not follow this approach but we
think it makes sense to use it as a benchmark in order to demonstrate our key assumption
that rebalancing per se already makes sense when markets exhibit price reversions.

4.3. Trading ¢ osts and spreads

On the option trading we assume that we are executed at the bid, i.e. that we fully cross the
spread on each transaction.®

In terms of trading fees, we assume USD 1.05 per option contract traded, and USD 0.005
for all other instruments or shares traded. Note that the options we used have a multiplier of
100, while the other instruments are assumed to have no multiplier (i.e. multiplier = 1).

To keep things simple, we do not take potential market impact in case of a rebalancing or
any other extraordinary transaction costs (for example unfavorable spreads) into account.
Given that all asset class allocations in our base case are proxied by popular indices, we
feel comfortable that our assumptions are conservative and do not overstate our results.

4. We observed that neither monthly nor quarterly benchmarks outperform consistently but depend on the
observation period and the underlying asset classes. Further research might explain this finding. -
5. Note that we always let our options expire, so there is only a transaction when opening positions.
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4.4. Equity proxy bias

We call the problem in this Section the "equity proxy bias". It occurs when an investor holds
a different equity portfolio than the underlying of the options that he uses to rebalance. Most
institutional investors do not hold US equities exclusively but hold a globally diversified
portfolio, oftentimes with a significant home-bias. More popular than the term equity proxy
bias is probably the term "basis risk" that often arises in the context of hedging. It describes
a situation where the exposure to a particular asset does not perfectly move in lockstep with
corresponding hedging instruments or constructs, thus resulting in an imperfect hedge. Our
equity proxy bias addresses equity price moves that are not perfectly in tandem with price
moves of the options' underlying. If the prices of Swiss equities behave significantly
different from the S&P 500 index, rebalancing with an option-writing approach on the S&P
500 index becomes potentially risky. We could theoretically think of a situation where Swiss
equities increase in price while the S&P 500 index decreases. If the decline in the option
underlying hits the lower boundary and triggers a rebalancing, we are forced to increase the
S&P 500 exposure, leading to a material overweight in equities in our total portfolio.

However, for the purpose of a generalized research effort in this paper, we believe that
using S&P 500 index puts and calls as a proxy for a global equity allocation is valid, not
least because the correlations of returns across global equity markets have increased over
the last decade and have been significantly positive over the last 10 years. Especially the
correlation between the S&P 500 TR index and the MSCI World ACWI TR index seems to be
very robust at significantly positive levels since the mid 1990ies. The Swiss Market index
and the S&P 500 index also have historically significantly positive rolling 5-year correlations,
exhibiting the typical pattern of increasing correlations in turbulent market periods. The
second reason why we assume the S&P 500 Total Return index to be a valid proxy for
equity allocations in institutional portfolios is that the US allocation in a global market cap
index like the MSCI World index accounts today for roughly half of the exposure.

We use the S&P 500 TR index as a proxy for an investorOs equity allocation.

Another issue can arise for investors who only buy direct equities rather than commingled
investment vehicles such as index products or funds. For them, again an equity proxy bias
can occur if they are rebalancing with options that use the S&P 500 index as underlying,
leading to a deviation in the overall equity allocation of the SAA.

4.5. ldentification of options

Obviously there are several possibilities to determine the exact options we would like to
write. In this paper we took the following approach: first, as described in Section 4.1 for the
base case, we identify two target strikes, one for the put and one for the call. In all
generality, given that these target strikes are determined via a formula, there are no listed
options with these exact strikes. In the cases where there was no bid at the target strike, we
utilized the option with the closest strike that had a bid price. We do so by querying our
database for the available options and rank the result first by the correct expiration date,
then by the distance between their strike and the target strike, and lastly by the dates we
have market data for them.® In our query we specify that in order for an option to be termed
as “available”, it needs market data for either one of the following two business days in
order to ensure a timely execution of our strategy. Note that in the case where an option has
market data on the second business day but not on the first, we obviously wait for the
second business day until executing our trades.

6. Please refer to Section 5.2 regarding the options and market data used for this analysis.
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4.6. Collateral and margin

Investors who trade options on the CBOE have to post margin. Based on our experience,
we assume in our analyses that this margin can be covered without affecting the SAA of the
investor using part of the bond allocation. This seems reasonable because our portfolio
holds 50% investment grade government bonds of which the top rated short-term paper is
eligible as collateral. We thus calculate our results based on the assumption that all margin
requirements can be met by investors without additional costs. However, should one
consider that such an approach is too aggressive, we also calculate the returns if the put
needs to be partially or even fully collateralized by cash (see Section 7.9). This reduces the
overall equity exposure in the portfolio and therefore also the realized returns of it.

In our base case we assume that the required margin is covered by the SAA of the
investor, notably due to its large investmentgra  de government bond holdings.

4.7. Factor and inputs for the sensitivity analysis

Underlying

For the sake of simplicity and liquidity, this paper will only analyze option-writing strategies
with the S&P 500 as underlying. Given that first, most institutional investors use the MSCI
World Index as a benchmark for equity investing of which roughly 50% of the allocation is in
the US anyway, and second the high correlation of global equities and US equities, we think
that using the S&P 500 as a proxy for equities is fair. Further research could focus on
potential improvements applying a more granular approach, using for example other asset
classes or country indices as underlying. This would allow investors to use an option-writing
strategy not only in a global multi-asset class portfolio but also in a regional portfolio. Think
of a pension fund that aims to rebalance its allocations to local equities and local bonds.

Rebalancing triggers
Unrelated to the option-writing per se but relevant for institutional investors, we test diffe-
rent trigger levels for rebalancing apart from our base case of 33% and 27% for equities.

Strike levels

We believe it is important to test different strike levels for the option-writing strategy. The
simplest approach is to derive one unique strike for the OTM call and one for the OTM put
directly from the allocation boundaries as defined in the SAA. This is what we do in our base
case’. Additionally, it will be tested if it is more efficient to use a combination of multiple
strike levels instead of one for the upper and the lower boundary. This leads to a smoother
rebalancing. It might be the case that such a smoother rebalancing of the equity allocation
using multiple calls and puts is more efficient than one single step.

Implied Volatility

We also test if an option-writing strategy shall be applied continuously over time, regardless
of any indicator, or if it might be wise to take the ambient market situation into account. For
example it could make sense to stop the option-writing strategy in case the implied volatility
is below a lower boundary where the option premium might be too low to be attractive.

Maturity

We will also test the maturity of options used. It might indeed be the case that 3-month
options are more efficient than 1-month options.

7. Note that for the base case, the expected returns on both bonds and real estate used to determine the
appropriate strike level are zero. Assuming strictly positive expected returns for both asset classes,
such as for example 4% and 6% p.a., only influences the outcome marginally.
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5. Data

Daily return data is used for all asset classes and all options that we use in our calculations.
The testing period extends from December 31%' 1996 up to December 31% 2013, i.e. it
covers 17 years. Often significant global markets’ price moves occur over only a few days
and so the use of daily data is crucial.

All calculations are in USD. This might look counterintuitive for Swiss pension funds but it
allows us to eliminate potential effects of currency moves (especially CHF vs. USD). The
advantage of using only USD and USD hedged time-series is to produce results that are not
affected or biased due to currency moves. Absolute returns might vary with different
currency denominations but the relative development of asset classes and our rebalancing
strategies becomes more robust.

5.1. Asset classes

We approximate asset class returns with popular and well-known market index data.® In
particular, we use the following set of indexes for asset classes as provided by Bloomberg.

* Equities: we rely on the S&P 500 Total Return index (Bloomberg ticker SPXT index) to
proxy the equity allocation. The S&P 500 TR index is of course only a proxy for US
equities while most global institutional investors invest in global equities and not only
in US equities. In our sensitivity analysis we therefore also use the S&P 500 index as
well as the MSCI Daily TR World index in USD as a proxy for global equities.

* Bonds: we chose the Citigroup WGBI index (Bloomberg ticker SBWGC index). The
Citigroup WGBI index is a total return index, hedged in USD that represents a portfolio
of global government bonds and is widely used among institutional investors as a
benchmark for bond allocations.

* Real Estate: here we use a total return index on Swiss real estate funds (Bloomberg
ticker WUPIXF index). The WUPIXF index represents a portfolio of listed Swiss real
estate funds, denominated in CHF. The main advantage of this index is the availability
of daily data over a long historical time-period and the representativeness of the time-
series for Swiss real estate allocations (which are almost 20% in an average Swiss
SAA as Section 2.4 showed). To avoid influences and biases due to currency effects
we hedge the time-series back into USD.

5.2. Option data

We exclusively used traditional S&P 500 index options. Weekly, quarterly and LEAP options
were excluded. As a quick reminder, traditional S&P 500 index options are cash settled and
of European type, the exercise-settlement amount being calculated based on the exercise-
settlement value, SET. Note that all additional product specifications can be found at
http://www.cboe.com/Products/indexopts/spx_spec.aspx.

In terms of data, we exclusively rely on data provided by the CBOE, namely daily, end of
day bid and ask quotes. Note that the full dataset is available on the following website:
www.marketdataexpress.com. Over the full period the strike values ranged from 5 up to
3000. Given that the testing assumes full spread crossing, we only considered quotes with a
non-zero bid. In the cases where there was no bid at the target strike, we utilized the closest
strike that had a bid price. It never occurred that we sold an option where its trading costs
exceeded the premium. Volume data has not been taken into account.

8. We believe that total return indices are a better proxy for all asset classes in institutional portfolios
because they reflect the return potential in a more realistic way. Although trigger levels might change
over time, notably due to total return indices growing faster than price indices, we see no reason why
rebalancing using options should be affected by the choice of index calculation methodologies.
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6. Base Case Results

This part contains the results of our base case analysis and describes the effect of a
rebalancing approach based on a pretty simple and straightforward option-writing strategy.
Chapter 7 will provide all our sensitivity analyses in which we will change one or several
parameters. The main reason to perform sensitivity analyses is to test different sets of rules
for option-writing strategies and to figure out how robust our results are.

Remember that our base case portfolio holds an equity allocation of 30% with upper and
lower boundaries of 33% and 27% respectively. In line with the average SAA of Swiss
pension funds (see Section 2.4) we assume that the remainder is allocated to bonds with
50% and to real estate with 20%. For the ease of the example, we ignore allocations to
alternative investments. In our base case we simply write one call for 3% of the assets when
the upper limit of 33% for equities is reached, and one put for 3% of the assets when the
lower boundary of 27% for equities is attained. For both calls and puts 1-month maturities
are used and the strike level is set to exactly reflect the upper and lower boundaries of the
equity allocation. In this base case, we assume that the required margin is fully covered by
the 50% bond allocation, which in our view contains a large part of eligible instruments.

6.1. Base case stylized illustration

Before we start analyzing the results of rebalancing using options we list every step that
happens for one single period in a table. Table 6-1 provides an overview of all our positions
and their development over a 1-month period, showing market values as well as percentage
points for each asset class and each position. We start on the left side of the table in the
"opening allocation" with a 100% cash allocation. Then we build our portfolio according to
our SAA and we write the mentioned amount of calls and puts depending on the total USD
volume of our portfolio. This gives us the "closing allocation" on the first day of our
observation period. Then we let one month pass where equities increase by 5% in value
while bonds and real estate are flat as given in the opening allocation on the right side in
Table 6-1. The investor now has a higher equity allocation (31.06%) in his portfolio at the
expense of bonds and real estate®. But no rebalancing is triggered, both our options expire
worthless and the option-writer captures the premiums. Lastly, new options are written and
the premiums from option-writing are invested into equities, leading to the closing allocation
on the right side of Table 6-1 with an equity allocation of 31.09% of the total portfolio.

Table 6-1: One-period analysis of option -writing in the base case with equities returning 5%.

Initial asset allocation No rebalancing is needed

H&E$r</=.)>-%$)* 0.)'$*</=..)>-%$)* L &*$r</=..)>-%$)* 0.)'$*</=..)>-%%$)*
"#3$%$&' 0.00 0.00% 30.03 30.03% Equity markets rise by 5% "#$%$&' 31.53 31.06% 31.56 31.09%
O*+ 0.00 0.00% 50.00 50.00% Both options expire worthless O*+ 50.00 49.25% 50.00 49.25%
,&-."%-%& 0.00 0.00% 20.00 20.00% ,&-"%-%& 20.00 19.70% 20.00 19.70%
0-'1 100.00 100.00% 0.00 0.00% — 0-1 0.00 0.00% 0.00 0.00%
0-.. 0 0.00% -0.01 -0.01% Option-writer gains both premiums 0-.. 0.00 0.00% -0.01 -0.01%
2#% 0 0.00% -0.02 -0.02% New options are written 2#% 0.00 0.00% -0.02 -0.02%
3)%-. 455655 4556557 455655 4556557 3)%-. 454689 4556557 454689 4556557

As long as no rebalancing is triggered, investors are basically in a position to capture a
premium by writing options. But what happens if equities experience sharper price moves,
let's say a decline of 20%? Table 6-1 is structured identically to Table 6-2 and holds the
same positions at the start of our observation period. But the right side of Table 6-2 now
shows the portfolio one month later assuming that we experienced a -20% decline in
equities (bonds and real estate again remain unchanged in this example).

9. Note that at the original inception of the option positions, it is highly likely that the option strategy also
results in a small positive directional bias as it has small net positive delta.
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-writing in the base case with equities returning

-20%.

LO5-F-?H(?G+-22+34)(37+K.()(?G

Opening Allocation Closing Allocation Opening Allocation Closing Allocation
Equities Nl "I $I"$ $I"IS# %8&'()*+,-./0)1+2.34+5*+6!# Equities 67"16 68"9:# 6;":< $I"ISH#
Bonds " "% 8l 8l"ll# =>0+4')+34)(3?+0@4(.01+A=B |Bonds 8" 8%"$l# 79"C: 8l"lI#
Real Estate Nl "I 6!"ll 6!"I# Real Estate 6!"! 6:"$6# 5'<9 6!"l1#
Cash A g " "I Cash " "I " "I
Call ! 114 DI DI"l:# E,-FF+G-(?+3?+)>0+H-FF Call " "I DIl DI"l:#
Put ! 1114 D!"16 D!"I6# 1+F311+(1+(?H'..02+3?+)>0+4") |Put D!"6: D!"66#, D!"l6 DI"l6#
Total 100.00 100.00% 100.00 100.00% JOK+34)(3?1+-.0+K.())0? Total 93.81 100.00% 93.81 100.00%

This time we rebalance our portfolio because the equity allocation dropped below the lower
boundary of 27% (to 25.61%) as the opening allocation on the right side shows. We face a
loss on our put position that is only marginally compensated by a gain on the call. We have
to cover that loss by selling bonds and real estate' and we also buy 4.12 USD of equity to
rebalance our portfolio back to the SAA of 30%. Then we write puts and calls and buy more
equities as reflected in the final equity allocation of 30.08% and the negative option
positions. Those transactions bring us to the closing allocation after this 1-month period.

Finally Table 6-3 shows what happens to our base case if we face a large gain in equities
during a 1-month period. To make things more dynamic, we assume that we continue at the
second closing allocation of Table 6-2. So the right side of Table 6-2 is identical to the left
side of Table 6-3. As before we let a 1-month period pass by where equities now rally 20%
while the other asset classes remain flat. The opening allocation in the top row on the right
side of Table 6-3 shows that the equity allocation exceeded the upper barrier of 33% so a
rebalancing is needed. Furthermore, the call now costs 0.13 while we have made a
negligible gain on our put as the bottom two rows in Table 6-3 indicate. In order to
rebalance back to the SAA we must sell equities to finance the loss on our option-writing
positions and to reduce our equity exposure back to 30%, obviously to the benefit of bonds
and real estate. This leads us to the closing allocation on the right side of Table 6-3.

Table 6-3: One-period analysis of option -writing in the base case with equities returning +20%.

Rebalancing and option writing Rebalancing is needed

Opening Allocation Closing Allocation Opening Allocation Closing Allocation
Equities 24.02 25.61% 28.17 30.03% Equity markets snap back by 20% Equities 33.81 34.03% 29.84 30.03%
Bonds 50.00 53.30% 46.91 50.00% The call option expires ITM Bonds 46.91 47.22% 49.68 50.00%
Real Estate 20.00 21.32% 18.76 20.00% Real Estate 18.76 18.89% 19.87 20.00%
Cash 0.00 0.00% 0.00 0.00% Cash 0.00 0.00% 0.00 0.00%
Call 0.00 0.00% -0.01 -0.01% Aloss is incurred on the call Call -0.13 -0.13% -0.01 -0.01%
Put -0.21 -0.22% -0.02 -0.02% Small gain on the put Put 0.00 0.00% -0.02 -0.02%
Total 93.81 100.00% 93.81 100.00% New options are written Total 99.35 100.00% 99.35 100.00%

After examining in detail the outcome of our portfolio allocations and the returns of each
position in a single 1-month period, we can now address the long-term effect of rebalancing
using options according to our base case with a 17-year historical analyses (Section 6.2)
and compare those results with the three benchmarks we have defined (Section 6.3).

6.2. Return

We start the return calculation at the start of 1997 investing our portfolio with 50% bonds
approximated by the Citigroup WGBI, 30% stocks approximated by the S&P 500 Total
Return index and 20% Swiss real estate approximated by the WUPIXF index. Table 6-4
provides an overview of return and risk measures for our base case.

10. It might be difficult and unrealistic to sell direct real estate positions on a monthly basis. However, the
results do not significantly change if our rebalancing is implemented only with bonds and equities and
therefore we kept our base case as simple and intuitive as possible. Section 7.2 offers a sensitivity
analysis on the effects of rebalancing only between the liquid asset classes, i.e. bonds and equities.
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Table 6-4: Return and risk measures for our base case

Annualized return 6.83% Best month 5.44%

Annualized volatility 5.57% Worst month -5.82%
Return / Risk 1.23 Max drawdown (daily basis) 16.27%
Percentage of positive months 67.6% Max calendar days under water 808

Our base case returned 6.83% p.a. with an annualized volatility of 5.57%. The return-risk-
ratio'” was 1.23 and the maximum drawdown was 16.27%. The strategy was positive in
67.6% of all months, with the best month returning 5.44% and the worst losing -5.82%. The
longest under-water period (i.e. time passage before reaching a new high) was 808 days.

Our base case option -writing strategy produced a  net return of 6. 83% from 1997
to 2013. The annualized volatility was 5.57%, leading to a return  -risk -ratio of 1.23.

Those numbers look fine upon initial review but we need some comparisons to provide a
more educated judgment about the value of our base case strategy. Thus the next sub-
Section provides a comparison of our results with our three benchmarks (Section 4.2).

6.3. Benchmarks

Keep in mind that the first benchmark is a trigger-based approach that rebalances instantly,
i.e. daily, if prices move outside a particular trigger point (Section 4.2). The second
approach rebalances at the end of every quarter if necessary and the third one is a pure
buy-and-hold strategy. Table 6-5 contains relevant return and risk measures for each
benchmark for the entire observation period from 1997 to the end of 2013.

Table 6-5: Return and risk measures for all three benchmarks

Ann.return  Ann. wlatility  Return/ Risk Max drawdown
Trigger-based (D) 6.85% 5.51% 1.24 15.99%
Calendar-based (Q) 6.76% 5.44% 1.24 15.65%
Buy-and-hold 6.43% 5.54% 1.16 15.18%

Table 6-5 shows that the trigger-based benchmark returned 6.85% p.a. over the period,
with an annualized volatility of 5.51% leading to a return-risk-ratio of 1.24. The calendar-
based benchmark, rebalanced quarterly, returned 6.76% but achieved a similar return-risk-
ratio of 1.24, while the buy-and-hold benchmark underperformed relative to all measures
with a return of 6.43% and a ratio of 1.16. Section 6.5 will briefly discuss the impact of using
other calendar dates on the rebalancing.

Our base case option -writing strategy outperforms the calen dar-based and the
buy-and-hold benchmark but underperforms the instant trigger -based benchmark.

We think that instantly trigger-based rebalancing requires a sophisticated operational setup
to reduce slippage and probably in practice only works with market index futures in a cost-
efficient manner. In our experience, a calendar-based benchmark serves more suitably for

11. This ratio equals the Sharpe ratio if one assumes the return on the benchmark, usually the risk free rate,
to be zero for the whole period.
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institutional investors who might not have the required setup. Unsurprisingly, we also find
that rebalancing with options outperforms a buy-and-hold strategy on our initial portfolio by
42 bps p.a. The rebalancing effect explains a large part of the outperformance as the
difference between the two rebalanced and the buy-and-hold benchmark shows (see
section 6.4). This is easily anticipated by looking at our 1-month period analyses in Section
6.1 where we saw that our overall portfolio value, after the two 1-month periods, was at
USD 99.34 while a simple buy-and-hold portfolio would have ended only at 98.80 USD.

An outperformance in the range of 0.4% p.a. against a buy-and-hold benchmark does not
sound significant. However, considering that we are talking about the performance of an
entire portfolio, the USD amount to be gained by larger investors can be easily in the range
of tens of millions of USD every year. For example, a pension fund with USD 10 billion of
AUM would add USD 40 million annually. We have a hard time thinking of many alternative
ways to improve the portfolio returns by a net 40 to 50 bps p.a. with a mechanic and
systematic implementation solution and without significantly increasing the risks. Also bear
in mind that we apply our rebalancing with purely unlevered options.

6.4. Performance comparison s

First, we compare our benchmarks in more detail to show the positive effect of rebalancing.
We start by reviewing at the yearly performance differences between the buy-and-hold
benchmark and the trigger-based benchmark. Figure 6-1 shows the relative outperformance
for every year since 1997. As expected by the above numbers, the trigger-based approach
outperforms the buy-and-hold strategy nearly all of the time during our 17-year observation
period, including the difficult periods in 2002 and 2008; the exception being 1999 with the
tech bubble in the build up. The outperformance of rebalancing versus buy-and-hold comes
as no surprise, given the sharp price reversals on the financial markets and the long gamma
property of rebalancing strategies.

Figure 6-1: Performance of trigger -based versus buy -and-hold benchmark year by year
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The calendar-based benchmark also outperformed the buy-and-hold benchmark by a wide
margin so we do not need another chart and can look directly at the comparison between
the trigger-based and the calendar-based benchmark during the observation period. Figure
6-2 shows that the trigger-based approach outperforms the calendar-based rebalancing
over the entire period but can underperform for multi-year periods as the last three years
show. (Note that the scale on the y-axis is narrower than in Figure 6-1).

SIGLO Capital Advisors AG | Birmensdorferstrasse 140 | 8003 Zurich | Switzerland | www.siglo.ch 19



]
s g fhLe o
SIGLO

CAPITAL ADVISORS

Figure 6-2: Performance of trigger -based versus calendar -based benchmark year by year

Relative returns of trigger-based vs calendar-based benchmark p.a. !
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Next we look at the relative performance of our base case against all three benchmarks for
the entire observation period. Unsurprisingly the base case significantly outperforms the
buy-and-hold benchmark as Figure 6-3 demonstrates. Most years are positive for the base
case and apart from 1999, no significant underperformance occurred on an annual level.

Figure 6-3: Performance of base case versus buy -and-hold benchmark year by year
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While the buy-and-hold performance clearly lags rebalanced benchmarks, the trigger-based
strategy and our base case are a much closer match as Figure 6-4 shows (note that the
scale on the y-axis is narrower here than in Figure 6-1). It illustrates the yearly performance
differences of the two strategies since 1997. In most years, our base case outperforms the
trigger-based approach, by an average outperformance of 0.14%. However, there were
three years where the base case significantly lags the trigger-based approach, such as
notably 2002 and 2008. During these years of underperformance, the average performance
lag amounts to 0.27% and the most extreme was 2008 with 0.65%. The source of this drag
lies in extraordinary market activity, notably in summer 2002 and in autumn 2008. During
these periods equity markets swung violently and the trigger-based approach rebalanced its
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portfolio several times intra-month." For example, over the course of October to November
2008 the equity allocation boundaries were hit four times. Our base case using 1-month
options mimics at best one rebalancing per month. It therefore cannot capitalize on such
fierce intra-month market gyrations, leading to a relative underperformance.

Figure 6-4: Performance of base case ve rsus trigger -based benchmark year by year
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Further illustrating our point, Figure 6-5 considers the total number of rebalancings of the
trigger-based approach for each year. The years 2002 and 2008 stand out as years of high
rebalancing activity. In contrast, during years without rebalancing activity from the trigger-
based approach, the base case always outperforms its benchmark given that it can take full
advantage of collecting the implied volatility premium without being negatively impacted by
markets swings. While such high rebalancing activity in short time-periods is challenging,
particularly for institutional investors, this case still shows a limitation of option-writing in the
sense that it replicates at most one rebalancing over the lifespan of the sold option.

Figure 6-5: Number of rebalancings for a trigger  -based benchmark every year since 1997
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12. It seems at least questionable to us if institutional investors are ready for instant trigger-based reba-
lancing not only due to costs and slippage but also due to psychological traits and reputational fears.
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6.5. Change of rebalancing dates and sub opti mal scenarios

It’s beyond the scope of this paper to discuss rebalancing frequencies and execution timing
in detail, but note that both influence the returns generated over the last 17 years. For
example, monthly and quarterly rebalancings delivered similar but not identical returns if
they have been implemented at the end of every period. We tested the performance of
calendar-based rebalancing on a monthly basis and found returns of 6.78% with a volatility
of 5.50% leading to a return-risk-ratio of 1.23, which is pretty close to quarterly rebalancing
with 6.76% and 5.44% respectively (see Section 6.3). Nevertheless, to further look at the
importance of the execution timing, we compared our base case results with those obtained
from a trigger-based rebalancing benchmark that executes necessary rebalancing trades on
the same dates.”® We use the 20™ day each month as proxy because 1-month options on
average expire on this day. The results are displayed in Table 6-6.

Table 6-6: Return and risk measures for all three benchmarks

Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.83% 5.57% 1.23 16.27%
Calendar-based (M) synched with opt. exp. 6.80% 5.47% 1.24 15.38%

The results in Table 6-6 highlight two important points: first, the timing of the execution is
very important. While not investigating further and avoiding any data-mining, we encourage
interested readers to spend time researching optimal execution timing as differences can be
up to 15 bps p.a. Second, rebalancing using options is not always optimal. Indeed as for
any strategy, there are scenarios in which an investor is better off not writing options. To
illustrate this point, let us consider the following situation: we are at a rebalancing date, i.e.
our previously written one month written options just expired, and the portfolio is still within
the SAA bandwidths. While no rebalancing is required at this point, let us also assume that
we are close to the equity allocation’s upper boundary of 33%. We therefore will write a call
that is only slightly OTM. The payoff concerning the impacted part of our equity allocation at
the next expiration, i.e. one month later, is illustrated in Figure 6-6." The shaded area in
Figure 6-6 depicts the region where it would have been more profitable not to write our call.

Figure 6-6: Payoff diagram one month later

T\ Equity price!

i Covered call payo"!
{
/ Call strike!

Indeed, the return potential of our covered call strategy is capped but it is not for a simple
equity position. While allowing us to collect the implied volatility premium during sideways
markets, the base case is sub-optimal in strongly trending markets, both to the up and to
the downside. In Section 7.6, we will look at possibilities to mitigate this drawback.

13. While this facilitates comparison, we are not aware of any institution using this scheme to implement
their rebalancing in practice.
14. For simplification purposes only the “call side” is shown.
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7. Sensitivity Analyses

To check the robustness of our results and to screen for more efficient ways to rebalance
using options, we perform a set of sensitivity analyses. But we do not aim for optimizing
strategies and maximizing historical returns. We are concerned with over-engineering and
are aware that the optimal future strategy is not necessarily the same as those experienced
in the past. We leave it up to future research to fine-tune our proposed strategies.

7.1. Asset class proxies

In our base case we calculate a portfolio time-series using the S&P 500 Total Return index
as a proxy for our equity allocation and hence take a marginal equity proxy risk. But do the
results change if we either take no such equity proxy risk by using the S&P 500 (price) index
or if we take a larger equity proxy risk using the MSCI World index?®

The upper part of Table 7-1 indicates that the trigger-based benchmark generates the
highest absolute and risk-adjusted performance when using the S&P 500 price index as
equity proxy in our SAA, closely followed by our base case. The calendar-based benchmark
realizes 14 bps less than our base case but a similar return-risk-ratio as it also produces a
lower annualized volatility. The buy-and-hold benchmark generates a significantly lower
return but also a lower volatility and a lower maximum drawdown. The key explanation for
this result can be seen in the fact that all approaches that rebalance have increased their
equity allocations in times of crises, especially in Fall 2008. This only proved beneficial in the
longer-term, i.e. the recovery that started in March 2009 but not in the short run, when
equities continued their decline. With the MSCI World index as an equity proxy, results
change slightly. Rebalancing using options with our base case delivers the highest absolute
return while the trigger-based benchmark lags that of the calendar-based benchmark. The
buy-and-hold benchmark delivers again the lowest absolute return but at the same time
also provides the lowest volatility and drawdown.

Table 7-1: Return and risk measures for different underlying equity proxies

With SPX Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.26% 5.57% 112 16.89%
Trigger-based (D) 6.28% 5.48% 1.15 16.22%
Calendar-based (Q) 6.12% 5.45% 112 16.06%
Buy-and-hold 5.81% 5.21% 112 13.47%

With MSCI World Ann.return  Ann.wlatility  Return/ Risk Max drawdown
Base case 6.45% 5.62% 1.15 17.56%
Trigger-based (D) 6.37% 5.63% 1.13 17.57%
Calendar-based (Q) 6.38% 5.51% 1.16 16.97%
Buy-and-hold 5.97% 5.16% 1.16 15.58%

The choice of the equity allocation proxy does not change the basic results as
rebalancing with options outperforms all but one benchmark.

15. The SPX is a price index and we use it to minimize basis risk when applying a rebalancing with S&P 500
index puts and calls. In the sensitivity analysis in Section 7.2 we use the MSCI World index as a proxy
for global equities.
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7.2. SAA and rebalancing across asset classes

In the same spirit we also tested different SAAs. Section 2.4 indicated that Swiss pension
funds tend to have a relatively low equity allocation and a relatively high real estate
allocation. In contrast Anglo-Saxon pension funds have a larger equity stake and a lower
real estate allocation. This leads us to question whether a different SAA leads to different
results. We tested this by using the simplest case by defining a new SAA with 50% equities
(using the S&P 500 Total Return index) and 50% bonds (using the Citigroup WGBI)'®.

We find that a rebalancing approach based on option-writing as proxied by our base case
produces the highest absolute and relative returns as shown in Table 7-2. Trigger-based
and calendar-based benchmarks underperformed by 9 bps and 7 bps respectively and the
buy-and-hold benchmark ends up again in last place as measured by absolute returns.
However, we also see in Table 7-2 that rebalancing using options produces the largest
maximum drawdown, while the buy-and-hold approach loses the least from peak to trough.

Table 7-2: Return and risk measures of a 50 -50 equity -bond portfolio

Ann. return Ann. vol Return/ Risk ~ Max drawdown
Base case 7.07% 8.36% 0.85 27.63%
Trigger-based (D) 6.98% 8.36% 0.84 27.41%
Calendar-based (Q) 7.00% 8.10% 0.86 26.88%
Buy-and-hold 6.51% 8.32% 0.78 26.85%

Additionally, we calculated the performance of our base case using only the equity and
bond allocations. This reflects a situation in which an investor holds relatively illiquid real
estate (or other assets) that does not provide a market price to trade on, and cannot be
easily bought and sold (at least not without large market impact or discounts). We therefore
assume that the real estate allocation of 20% delivers the WUPIXF benchmark index return
but does not experience any cash in- or outflows over time. Instead the rebalancing takes
place only between bonds and equities. Table 7-3 shows that our base case ranks first in
absolute and relative terms while the buy-and-hold benchmark finishes fourth.

Table 7-3: Return and risk measu res of our base case but with an initial and fix 20% RE allocation

Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.87% 5.52% 1.25 15.95%
Trigger-based (D) 6.82% 5.50% 1.24 15.62%
Calendar-based (Q) 6.71% 5.43% 1.24 15.24%
Buy-and-hold 6.43% 5.54% 1.16 15.18%

It is beyond the scope of this paper to test other SAAs and other proxies for particular asset
classes but we note that such analysis should absolutely be conducted on a case-by-case
basis.

Rebalancing with options delivers top absolute and risk  -adjusted returns for 50 -50
equities -bonds portfolios as well as for portfolios with fixed real estate allocation.

16. Note that for this case we consider the lower and upper boundaries to be 45% and 55% respectively.
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7.3. No changes of the underlying

There is no doubt that different underlyings for option-writing strategies produce different
results and we acknowledge that for certain investors the use of the S&P 500 index as
underlying is sub-optimal (for example because they hold mostly local equities and not US
equities). Nevertheless it is beyond the scope of this paper to analyze other underlyings for
the options like for example the MSCI World index or local country indices. We also let other
researchers analyze options using other asset classes as underlyings.

7.4. Multiple s trike and trigg er levels

This set of sensitivity analyses centers around the option’s strike level. In the base case, we
choose one strike level for puts and one for calls exactly at the upper and lower equity
boundaries in the SAA. Alternatively, we could also rebalance in multiple steps by using
different call and put options with different strike levels but with identical maturities (so all
short puts and calls positions expire on the same day). We choose to increase the number
of strikes used both on the call and on the put side to 2, 3 and 4 respectively. The strikes
are equally spread between the current allocation and the upper (lower) boundary. For
example, in the case of three strikes instead of writing one call with a strike level 15% OTM,
we write three calls with strike levels at approximately 5%, 10% and 15% OTM. We do not
exceed 15% because we assume that a full rebalancing must take place at the defined
boundaries. This ensures that the rebalancing according to the SAA is systematized. Table
7-4 shows the return and risk measures of using multiple options with different strike levels.
We see that both the annual returns and the annual volatility marginally increase when
utilizing three options, leading to a constant return-risk-ratio.

Table 7-4: Return and risk measures when using multiple options with multiple strike levels

Ann. return Ann. vol Return / Risk Max drawdown
Base case (1 strike) 6.83% 5.57% 1.23 16.27%
2 strikes 6.86% 5.59% 1.23 16.24%
3 strikes 6.87% 5.59% 1.23 16.23%
4 strikes 6.88% 5.60% 1.23 16.24%

With this approach, we are able to outperform the trigger-based benchmark but the return-
risk-ratio was not increased. We see the use of multiple options with different strike levels
as a “smoothed rebalancing.” Instead of rebalancing the portfolio in one large step, we
already start rebalancing before we would reach an upper or lower boundary and therefore
smoothing the rebalancing activity. This allows us to profit from smaller price reversals in
the equity markets. We leave it up to further research to see if a smoothened trigger-based
benchmark exhibits the same behavior.

Rebalancing using a set of three calls and puts with different strike levels returns
better results t han the base case which uses only one short call and one short put.

7.5. Implied volatility

A key aspect in option-writing lies in the spread between implied and realized volatility (see
Chapter 3). The higher this spread, the higher the gains for an option-writer. Based on that
notion it makes sense to take into account the ambient market situation before engaging in
option-writing. While it is beyond the scope of this paper to engage into the engineering of
alpha-generating indicators, we simply provide a hint at potential areas of interest.
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A starting point could be to look at the CBOE Volatility index'’, as it measures one-month
implied volatility of the S&P 500, serving as a first guide for how attractive the premium for
option-writing appears at the moment. A higher VIX could hint at an opportunity to earn
higher premia, yet it also reflects people's perception of increased risks in equity markets.
Table 7-5 lists the returns of rebalancing strategies that only write options if the VIX is above
a particular hurdle. But we find that we cannot enhance our portfolio returns if we only write
options when the VIX is above a certain threshold. Furthermore only selectively writing
options based on the VIX level does not help to lower the volatility or the drawdown.

Table 7-5: Return and risk measures based on  VIX levels

Ann. return Ann. vol Return / Risk Max drawdown
Base case (always write options) 6.83% 5.57% 1.23 16.27%
Only write option when VIX > 16 6.83% 5.58% 1.22 16.27%
Only write option when VIX >20 6.82% 5.58% 1.22 16.30%
Only write option when VIX >24 6.79% 5.56% 1.22 16.31%
Only write option when VIX >28 6.77% 5.56% 1.22 16.38%

The simplistic criterion of looking at the VIX does not seem to provide any benefit and the
results transition smoothly from our base case to a straightforward monthly rebalancing. A
more sophisticated approach could take the steepness of the implied volatility curve into
account, i.e. to compare implied volatilities for different maturities. To this extent we
compare the VIX index with the CBOE 3-Month Volatility index'®, which represents a
measure of 3-month implied volatility of the S&P 500. Then we tested whether we should
implement our base case permanently or only if the difference between the two implied
volatility indices, i.e. VXV - VIX, is above a particular hurdle rate. In the following sensitivity
analyses on implied volatility we thus calculate the performance of a strategy that only sells
S&P 500 index puts and calls if the difference between VXV and VIX is above a certain level.
As mentioned, it is not our goal to provide an optimized strategy. We therefore limit our
analysis to the testing of a set of levels that seem appropriate and leave it up to the reader
to conduct further research on the topic. Table 7-6 shows the results for four different
degrees of steepness. Note that our testing period does not start in 1997 as before but only
on December 4" 2007, Therefore the reader should be careful when comparing the results
from Table 7-6 to the tables in all other Sections of this Chapter.

Table 7-6: Return and risk measures based on the s teepness of the implied volatility curve

Ann. return Ann. vol Return / Risk Max drawdown
Base case (always write options) 5.48% 6.46% 0.85 16.20%
Only write option when (VXV - VIX) > -8 5.57% 6.38% 0.87 15.83%
Only write option when (VXV - VIX) > -4 5.63% 6.32% 0.89 15.43%
Only write option when (VXV - VIX) >0 5.58% 6.29% 0.89 15.38%
Only write option when (VXV - VIX) > 4 5.54% 6.28% 0.88 15.43%

17. The CBOE Volatility index (VIX) is a measure of market expectations of near-term volatility conveyed by
S&P 500 stock index option prices. Since its introduction in 1993, the VIX has been considered by
many to be the world's premier barometer of investor sentiment and market volatility. More information
can be found at www.cboe.com/VIX.

18. While the VIX index measures the expected 30-day volatility of the S&P 500, the CBOE 3-month
Volatility index (VXV) measures the expected 93-day volatility of the S&P 500. See www.cboe.com/VXV.

19. The data provided on www.cboe.com/VXV only starts on that date.
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Our base case delivered a return of 5.48% beginning in December 2007 with a volatility of
6.46%, leading to a return-risk-ratio of 0.85 while the maximum drawdown was 16.20% for
the portfolio. Table 7-6 shows that only writing options when the VIX is at maximum 4 points
higher than the VXV, i.e. when the curve is in contango or slightly inverted, yields the highest
return with 5.63%. In order to achieve the highest return-risk-ratio an investor should only
write options when the volatility curve is contango or upwards sloping, i.e. the difference
between VXV and VIX being positive.

The shape of the implied volatility curve seems to convey important information on
the future profitability of rebalancing with options. The return potential can be
enhanced if options a re not written permanently but only if the implied volatility
curve offers a certain steepness.

7.6. Distances to SAA boundaries

As highlighted in Section 6.5, the base case approach is sub-optimal when markets strongly
trend or when we are close to the rebalancing boundaries as defined in the SAA. A natural
choice would be to make the option-writing dependent on the distance to SAA boundaries.
Hence we have tested an arbitrarily chosen range of different distances to lower and upper
SAA boundaries where the rebalancing is executed. Table 7-7 displays the results.

Table 7-7: Return and risk measures with different distances to SAA boundaries

Ann. return Ann. vol Return/Risk  Max drawdown
Base case (always write options) 6.83% 5.57% 1.23 16.27%
Only write option when boundary farther than 1% 6.82% 5.58% 1.22 16.27%
Only write option when boundary farther than 5% 6.90% 5.52% 1.25 15.75%
Only write option when boundary farther than 9% 6.86% 5.50% 1.25 15.72%
Only write option when boundary farther than 13% 6.85% 5.50% 1.24 15.76%

Our results indicate that it makes sense to restrict the option-writing in some scenarios. We
can enhance returns by 7 bps p.a. if we only write options when the boundaries are greater
than 5% OTM and we also realize a lower annualized volatility, leading to a return-risk-ratio
of 1.25. However, if we increase the distance to 9% and 13% respectively, the absolute
returns decline. But so does volatility, resulting in similar return-risk-ratios. The goal of this
paper is not to determine optimal strategies but merely to outline further areas of research
for the interested reader. So we do not aim to find the optimal distance.

Instead of permanently writing options like in the base case, we can add value by
only writing options if we are not too close to the SAA boundaries.

7.7. Maturity

In our base case, we used options with a 1-month maturity. This Section sheds light on how
a strategy based on writing options with 3-month maturities works. Similar to the results in
Section 6.5 where we show that the timing for rebalancing matters, it could be that writing
3-month options on the S&P 500 index yields a better performance.

Table 7-8 summarizes the results of our base case scenario versus a rebalancing approach
using options with 3-month maturities. Our data shows that writing 3-month options indeed
yields a higher return than writing 1-month call and put options. There are two effects that
explain our observation. As an option-writing strategy this means a higher premium will be
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captured because 3-month implied volatility tends to be higher than 1-month implied
volatility. At the same time, we also recall that a quarterly rebalancing strategy vyields a
marginally higher return than a monthly rebalancing strategy (see section 6.3).

Table 7-8: Return and risk measures for different option maturities

Ann. return Ann. vol Return / Risk Max drawdown
Base case (1 month maturity) 6.83% 5.57% 1.23 16.27%
Use options with 3 months maturity 6.91% 5.50% 1.26 15.22%

It is beyond the scope of this paper to separate the effects in detail but keep in mind that 3-
month option-writing appears to be more rewarding. The use of 3-month options also has
an operational advantage as investors only need to rebalance with options four times a year
instead of twelve times a year.

Rebalancing with 3 -month options instead of 1 -month increases the returns and at
the same time reduces the volatility and the maximum drawdown.

7.8. Other boundaries for rebalancing

So far we have considered the case of rebalancing the equity allocation at 33% and 27%
respectively. But what happens if we change those upper and lower boundaries? We think it
is possible that some investors aim for more frequent rebalancing with tighter boundaries
while conversely other investors prefer to maintain broader boundaries that are only
triggered in case of massive price moves (for example in crises like 2008). We are not
interested in testing multiple boundaries but instead pick two different strategies; a narrow
set with boundaries of 28% and 32%, corresponding to approximately a 10% move in
equity markets, and a wider set with boundaries of 25% and 35%, corresponding to a 22%
down and 26% up move®. Table 7-9 shows the results for narrower (on top) and wider (on
the bottom ) rebalancing boundaries, using 1-month options.

Table 7-9: Return and risk measures with  narrower and wider boundaries for rebalancing

28% & 32% Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.79% 5.56% 1.22 16.28%
Trigger-based (D) 6.82% 5.52% 1.24 15.63%
Calendar-based (Q) 6.82% 5.43% 1.25 15.45%
Buy-and-hold 6.43% 5.54% 1.16 15.18%

25% & 35% Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.85% 5.54% 1.24 16.36%
Trigger-based (D) 6.94% 5.56% 1.25 15.36%
Calendar-based (Q) 6.87% 5.44% 1.26 15.73%
Buy-and-hold 6.43% 5.54% 1.16 15.18%

In the case of the narrow boundaries in Table 7-9, we find that the performance is slightly
weaker than the base case in Section 6.2 and is also weaker than the corresponding trigger-

20. In both cases we again assume no price change for the bond and real estate allocations.
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based and calendar-based benchmarks. The lower part of Table 7-9 shows that the
rebalancing scenario with a wider range of boundaries delivers a more attractive absolute
and relative return compared to our base case. However, for both, the narrower and the
wider margins, we note that the trigger-based and the calendar-based benchmarks
outperformed the rebalancing using options on both an absolute and a risk-adjusted basis.

We conclude that the choice of appropriate upper and lower boundaries in the SAA is
important but obviously not simple. Our data indicates that a wider range for the boundaries
positively affects the overall returns but further research has to be done in order to provide
more robust results. We nevertheless also note that the choice of these boundaries often
times is dictated by external conditions, such as ALM requirements or risk thresholds, and
thus is rarely subject to an actual optimization process.

The choice of upper and lower boundaries for rebalancing a portfolio back to its
SAA is important because it defines  the frequency and intensity of the rebalancing.

7.9. Margin

Given that we only consider call overwriting (i.e. covered calls and no naked shorting of
calls) there is no particular margin required on the call side. For the put writing, our base
case assumes that the required margin is covered by the base case portfolio, notably by the
eligible part of the bond allocation (in Switzerland top rated short-term government bonds).
We believe this to be a conservative view. However, it is possible that such an approach is
too optimistic or disallowed by regulatory agreements, we also calculate the returns if the
put needs to be partially or even fully collateralized by cash.

In the worst scenario, cash would have to be taken out of the equity allocation.?’ As Table
7-10 shows, this obviously reduces the expected returns and lowers the historical return.
Our results indicate that posting 100% margin in cash reduces the absolute returns and
also the volatility and the drawdowns, thus increasing the return-risk-ratio.

Table 7-10: Return and risk measures with increased cash collateral

Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.83% 5.57% 1.23 16.27%
Put 50% collateralized 6.75% 5.34% 1.26 15.08%
Put fully collateralized 6.63% 5.14% 1.29 14.22%

Despite the fact that most Western regulators today allow short-dated governments bonds
with top ratings as collateral, we encourage all investors to check with local regulators to
determine if rebalancing with options as described in the base case scenario is allowed.

Unsurprisingly a fully collateralized approach to rebalancing with options lowers
returns as well as volatility and the maximum drawdown.

We close this Chapter by noting that the appendix provides an overview of all the results of
our sensitivity analyses. This makes the comparison of different tests a little easier.

21. In our view this is a highly unlikely scenario but admittedly the most conservative that we can think of.
So we include it as one sensitivity analysis.
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8. Rule-based Impleme ntation

In Chapter 7, we have analyzed a wide range of sensitivity analyses independently from
each other. But what results can we achieve if we combine them into one set of rules that
still are very simple and easily implemented?

In this chapter, we elaborate on how an effective option writing rebalancing strategy might
look and identify expected performance returns. Section 7.4 indicated that it is more
efficient to write a combination of multiple call and put options with varying strike levels and
similar maturities as opposed to one call and one put with strike levels at the upper and
lower boundaries of the SAA. While enhancing returns by smoothing the rebalancing
process, this also mitigates the binarity of the outcome as well as potential volume issues.
As we have seen in Section 7.6, using 3-month options yields slightly higher returns than
using 1-month options. On top of this, it makes the rebalancing simpler from an operational
perspective as options are written only four times a year.

We now can combine both features into one rule-based option-writing strategy to formulate
an easy to implement process that provides an enhancement when compared to most
benchmarks. Our simple yet attiractive proposition can be formulated as follows:
Perma nently write both a set of four 3 -month call and four 3 -month put options.

Table 8-1 summarizes the results of this set of rules and shows that it beats our base case
as well as most of our benchmarks on both an absolute and a risk-adjusted basis. Relative
to a buy-and-hold approach, we increase the return by exactly 50 bps p.a. while lowering
the annualized volatility, leading to a significantly higher return-risk-ratio.

Relative to most trigger-based and calendar-based benchmarks we can enhance the
returns by 8 bps and 17 bps respectively and increase the return-risk-ratio. At the same
time this set of rules also reduced the maximum drawdown during the entire observation
period by 100 bps.

Table 8-1: Return and risk measures of a rule -based implementation

Annualized return 6.93% Best month 5.43%

Annualized volatility 5.51% Worst month -5.61%

Return / Risk 1.26 Max drawdown (daily basis) 15.27%

Percentage of positive months 68.1% Max calendar days under water 801
Our best results for rebalancing a portfolio with options uses mu Itiple 3 -month
options with different strikes but similar maturities. With this set of rules, we
outperform our benchmarks on an absolute and a risk -adjusted basis.

With this set of rules we are able to benefit from the positive effect of rebalancing
as well as from a smart way of capturing a risk premium from option -writing.

Figure 8-1 shows the cumulative performance of our proposed simple rule-based approach
for rebalancing using options including our base case versus all three benchmarks from
January 1997 to the end of 2013. Our simple rule-based strategy for rebalancing using
options beat all benchmarks on an absolute as well as a risk-adjusted basis net of costs.
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What might look like a marginal added value on a year-by-year basis can compound over
the years as can be seen clearly in Figure 8-1. This should be highly attractive for investors
as it enables them to systematize the rebalancing process while at the same time capturing
a risk premium from a smart way of option-writing.

Figure 8-1: Cumulative performance of rebalancing using options versus Benchmarks
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Note that in Sections 7.5 and 7.6, we have seen that we can enhance returns by taking
other factors into account, like eventual market and implied volatility indicators or SAA
allocations relative to its boundaries. This allows investors to decide when to discontinue
option-writing.

We did not include any indicator or tactical pausing into the formulated approach in this
Chapter because it is beyond the aim of this paper to thoroughly examine those or any
other alpha-generating approaches. Our sensitivity analyses in the referred Sections 7.5 and
7.6 are strictly meant to provide guidance for additional areas of research. Similar thoughts
apply regarding our analysis in Section 7.8 where we saw that the choice of the allocation
boundaries matters.
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9. Conclusion

Our paper demonstrates that rebalancing using options enables investors to systematize
their portfolio rebalancing while at the same time allows them to enhance portfolio returns
and return-risk-ratios. The increased performance benefits from two well-known but rarely
assembled sources of returns:

* Firstly, rebalancing pays off for a multi-asset class portfolio in a market environment
with price reversals as it tends to take profits after gains and buys back after losses.

* Secondly, rebalancing using options can harvest a premium for writing OTM puts and
calls that is not exploitable with calendar- or trigger-based approaches.

Our results for a classic Swiss pension fund portfolio with 30% equities, 50% bonds and
20% real estate are encouraging. Systematically writing a set of 3-month OTM puts and
calls on the S&P 500 index to rebalance has generated up to 50 bps of additional return per
annum over a simple buy-and-hold approach. For a pension fund managing one billion
USD, this translates into a gain of 5 million USD every year, financing the necessary
operational infrastructure plus the staff professionally executing a rebalancing using
options. Option-based rebalancing also outperforms both trigger-based benchmarks that
rebalance instantly (in practice only possible with futures) as well as a calendar-based
rebalancing approaches.

We acknowledge that a perfect rebalancing approach for investors has to be calculated on
an individual basis in order to take individual considerations and requirements into account.
However, our broad range of sensitivity analyses indicates that the approach is robust over
time and not dependent on particular instruments, asset class proxies or macro-economic
scenarios. We also took costs into account, so all our results are net of fees. One crucial
requirement, however, is that the required margin for the option positions is covered by the
SAA portfolio, notably by the eligible part of the bond allocation. Fully cash collateralized
approaches are obviously more costly as they decrease the equity allocation.

In today’s global market environment with low interest rates and increased challenges to
building well-diversified portfolios, new sources of returns are scarce but highly rewarding.
To only “mechanically” add a few basis points of extra return per annum while at the same
time systematizing a rebalancing approach should be very appealing to most investors.
Additionally, rebalancing with options systematizes the entire rebalancing process and
hence helps investors and institutional decision-takers avoid several potential traps of
human psychology like the fear of rebalancing during a time of crises or overconfidence in
their own timing skills.

Rebalancing with options is, to the best of our knowledge, not restricted by the regulatory
frameworks for pension funds in Switzerland or in the USA as well as for most European
countries. But we strongly recommend investors contact the local regulatory body to
discuss how to report and risk manage rebalancing with options before implementing it. In
case of cash settlement of the options, as is the case for all CBOE traded derivative
contracts we considered in this paper, the risks of unlimited losses or naked short positions
seem to be under control and the operational complexity is not overwhelming.

We highly encourage further research on the topic of rebalancing using options. It seems
very likely that there are even better sets of rules of how to implement such a strategy and
our sensitivity analyses can potentially serve as a guide to additional testing and research.
Also an extension on options using other asset classes as underlying could further enhance
portfolio returns.
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11. Appendix

For the ease of comparing results and risk as well as return measures of our base case with
different sensitivity analyses we now list all tables.

Sensitvity Analysis Test Portfolio Ann. return Ann. vol Return / Risk Max drawdown
Base case 6.83% 5.57% 1.23 16.27%
. Trigger-based (D) 6.85% 5.51% 1.24 15.99%
SPXT as equity proxy
Calendar-based (Q) 6.76% 5.44% 1.24 15.65%
Buy-and-hold 6.43% 5.54% 1.16 15.18%
Base case 6.26% 5.57% 112 16.89%
X Trigger-based (D) 6.28% 5.48% 1.15 16.22%
SPX as equity proxy
Calendar-based (Q) 6.12% 5.45% 1.12 16.06%
Buy-and-hold 5.81% 5.21% 1.12 13.47%
Base case 6.45% 5.62% 1.15 17.56%
MSCI World as equity Trigger-based (D) 6.37% 5.63% 1.13 17.57%
proxy Calendar-based (Q) 6.38% 5.51% 1.16 16.97%
Buy-and-hold 5.97% 5.16% 1.16 15.58%
Base case 7.07% 8.36% 0.85 27.63%
50% equities, 50% bond Trigger-based (D) 6.98% 8.36% 0.84 27.41%
0% real estate Calendar-based (Q) 7.00% 8.10% 0.86 26.88%
Buy-and-hold 6.51% 8.32% 0.78 26.85%
Base case 6.87% 5.52% 1.25 15.95%
No rebalancing of real| ... ..\ hased (D) 6.82% 5.50% 124 15.62%
estate allocation
Calendar-based (Q) 6.71% 5.43% 1.24 15.24%
2 strikes 6.86% 5.59% 1.23 16.24%
Multiple strikes 3 strikes 6.87% 5.59% 1.23 16.23%
4 strikes 6.88% 5.60% 1.23 16.24%
Only write options when VIX > 16 6.83% 5.58% 1.22 16.27%
L Only write options when VIX > 20 6.82% 5.58% 1.22 16.30%
VIX as indicator
Only write options when VIX > 24 6.79% 5.56% 1.22 16.31%
Only write options when VIX > 28 6.77% 5.56% 1.22 16.38%
Only write options when (VXYV - VIX) > -8 5.57% 6.38% 0.87 15.83%
(VXV - VIX) as indicator, Only write options when (VXV - VIX) > -4 5.63% 6.32% 0.89 15.43%
different testing period | Only write options when (VXV - VIX) > 0 5.58% 6.29% 0.89 15.38%
Only write options when (VXV - VIX) >4 5.54% 6.28% 0.88 15.43%
Only write option when boundary farther than 1% 6.82% 5.58% 1.22 16.27%
Limit option writing when Only write option when boundary farther than 5% 6.90% 5.52% 1.25 15.75%
close to boundary | Only write option when boundary farther than 9% 6.86% 5.50% 1.25 15.72%
Only write option when boundary farther than 13% 6.85% 5.50% 1.24 15.76%
Extended Option Maturity Use options with 3 months maturity 6.91% 5.50% 1.26 15.22%
Variable collateral Put 50% collateralized 6.75% 5.34% 1.26 15.08%
requirements Put fully collateralized 6.63% 5.14% 1.29 14.22%
Base case 6.79% 5.56% 1.22 16.28%
Lower boundary 28%, Trigger-based (D) 6.82% 5.52% 1.24 15.63%
upper boundary 32% | Calendar-based (Q) 6.82% 5.43% 1.25 15.45%
Buy-and-hold 6.43% 5.54% 1.16 15.18%
Base case 6.85% 5.54% 124 16.36%
Lower boundary 25%, Trigger-based (D) 6.94% 5.56% 1.25 15.36%
upper boundary 35% | Calendar-based (Q) 6.87% 5.44% 1.26 15.73%
Buy-and-hold 6.43% 5.54% 1.16 15.18%
Best simple rules Recommendation 6.93% 5.51% 1.26 15.27%
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