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Chaos describes a state of non-normalness and nonlinearity in complex systems – one 
that is characterised by surprises. In mathematics, chaos theory expresses that while 
chaotic systems are impossible to control or overcome completely, acknowledging the 
unpredictability and identifying patterns may allow one to better cope with chaos. 

If we look at the movement of financial market prices, we can see clear evidence that it 
exhibits chaotic characteristics. However, complex systems – like financial markets – do 
not feel perpetually chaotic. Indeed, patterns can be observed whereby longer-term 
regimes seem to exist prior to those that change unpredictably. In mathematics, this 
observation is known as a ‘strange attractor’; it describes how systems can persist in a 
specific state for some time before acting unpredictably again. 

Many investors approach portfolio construction using efficient frontiers, notions of stable 
correlations and normal distribution assumptions – all of which would be challenged by 
the acknowledgement of chaos in the markets. These investment approaches, such as 
traditional balanced investing or momentum or trend-following strategies, may provide 
sufficient returns to investors during a period of seemingly predictable and persistent 
market moves, but what about when the underlying unpredictability and subsequent 
volatility returns? What would happen if an extreme event occurred? 

Even when investors evaluate a market’s deviation from long-term price or volatility 
averages, or analyse the prevalence of macroeconomic risks, and are led to believe 
that there is a regime shift on the horizon, it is impossible to accurately time this with 
consistency. If your investment horizon is long enough, this may not matter, but 
for many investors with specific liabilities or investment goals, the impact of these 
unpredictable cycles can be devastating. 

In the investment world, coping with chaos can therefore mean adding value by investing 
to capture the upside of positive market returns, and also by giving due consideration to 
protecting during market drawdowns. We believe that this value comes from structuring 
an investment using the best implementation route – one that maximises an asymmetric 
return payoff profile after costs have been taken into account. 

The Invesco Perpetual Multi Asset team’s approach to multi asset investing begins with 
finding independent and diversified long-term investment ideas that are supported by 
macroeconomic fundamentals. Often, there are numerous ways a specific theme or idea 
can be expressed, and the work to determine the final implementation route includes 
an analysis on liquidity, cost, expected returns and potential drawdown. We must also 
consider if our views are being properly priced into the markets to see where the best 
opportunity may reside. Although we seek to add returns in our base case, or central 
economic scenario, we also look to quantify the impact of capital loss should a plausible 
adverse scenario play out instead and consider how to reduce risk accordingly. 

For the purpose of this white paper, we will focus specifically on how option structures 
may efficiently allow us to participate in an upside market move, and can also protect an 
investment without being cost prohibitive.

Danielle Singer 
Portfolio Director, Invesco Perpetual Multi Asset team



Chaos in the financial markets: Persistence  
A strange attractor in financial markets refers to the tendency 
for prices to continue in the same direction for a while prior to 
shifting their behaviour. We will start by analysing one element 
of this – observing persistence in financial markets, as well as the 
forces that may be driving this memory effect. 

The Hurst exponent 
Harold Edwin Hurst was a British hydrologist in the 1950s 
who tried to assess the most appropriate way of constructing 
the Aswan High Dam, which would contain the Nile River. He 
found that rainfall, along with other natural phenomena, such 
as sunspot numbers, tree ring widths, temperature and wheat 
prices, all exhibited persistence. This formed the basis of his 
work in defining what we now call the ‘Hurst exponent’, which 
quantifies the long-term memory effect in the data he studied. 
Specifically, it became a way of measuring whether a time series 
shows mean reversion or a persistent trend in a direction. A Hurst 
exponent in the range of 0 to 0.5 indicates the existence of mean 
reversion, with 0 implying a perfect mean reversion. A Hurst 
exponent in the range of 0.5 to 1 shows persistence in the data 
with 1 implying perfect persistence.

Figure 2 
Table of Hurst exponents for a range of asset classes and markets 

Average Hurst exponent using a 100 month lookback period

US 10-year treasuries (data period used: 1982-2017) 0.54

Global equities (data period used: 1969-2017) 0.66

Commodities (data period used: 1970-2017) 0.62 

Source: Bloomberg, L.P. as at 30 June 2017. US 10-year treasuries are represented by Generic 10-year US Treasury Note Futures. Global 
equities are represented by the MSCI World index. Commodities are represented by the S&P GSCI index. For illustrative purposes only. 
The inception date of the Generic 10-year US Treasury Note Futures index is 30 June 1982; 31 March 1986 for the MSCI World index; 
and 7 May 2007 for the S&P GSCI index. All information presented prior to the inception date is back-tested. Back-tested performance 
is not actual performance, but is hypothetical. Although back-tested data may be prepared with the benefit of hindsight, these 
calculations are based on the same methodology that was in effect when the index was officially launched. Index returns do not reflect 
payment of any sales charges or fees. Past performance cannot guarantee future results. An investment cannot be made in an index.
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Figure 1 
The Hurst exponent of the S&P 500 index, using a lookback period of 100 months

Source: Bloomberg, L.P. as at 30 June 2017. For illustrative purposes only. The inception date for the S&P 500 Index is 4 March 1957. 
All information presented prior to the inception date is back-tested. Back-tested performance is not actual performance, but is 
hypothetical. Although back-tested data may be prepared with the benefit of hindsight, these calculations are based on the same 
methodology that was in effect when the index was officially launched. Index returns do not reflect payment of any sales charges or 
fees. Past performance cannot guarantee future results. An investment cannot be made in an index.
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This can be applied to the financial markets, much like Hurst did 
to his data. Figure 1 shows the S&P 500 index using monthly data 
from the 1930s onwards with a lookback period of 100 months, 
or a memory effect of approximately 8 years. The level we 
observe in Figure 1 is a Hurst exponent that is typically between 
0.5 and 0.75, which indicates the presence of a long-term 
memory effect. 

Most financial markets have a Hurst exponent of above 0.5 as 
expressed in Figure 2, which indicates that this effect is apparent 
across asset classes.
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Figure 3 
Autocorrelation over one day: Dow Jones Industrial Average index

Source: Invesco and Bloomberg, L.P. as at 30 June 2017. 
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Autocorrelation 
While the Hurst exponent goes a long way to provide evidence 
of long-term memory effect in markets, it is important to see if a 
short-term memory effect is present as well. Autocorrelation can 
be used to measure this by regressing a time series on a lagged 
version of the same time series. To identify a potential short-term 
memory effect, we would use a lag period that is short-term as 
well. Figure 3 shows the 1-day autocorrelation for the Dow Jones 
Industrial Average (DJIA) index for the last 100 years. 

Given the frequency of the data in Figure 3, it appears noisy, but 
the smoothed trendline suggests an interesting shift over time. 
For most of the period up to the late 1980s, there was positive 
autocorrelation. This suggests there was a mild short-term 
memory effect for this period. However, the last three decades 
have a tendency towards negative autocorrelation, suggesting 
mean reversion from one day to the next. We believe that the 
most likely explanation for this is the evolution of derivative 
markets and structured equity derivative products, in particular. 

A short volatility position is typically embedded within these 
structured derivative products to provide income and enhance 
returns for the end client. While the client does not actively trade 
this short volatility position, as it is wrapped inside a structured 
product, the investment bank that distributes these products will 
hedge such positions on a day-to-day basis. The hedged positions 
will then be long volatility, which means that these investment banks 
will often be buying in falling markets and selling in rising markets, 
thus, promoting mean reversion. This evidence of short-term mean 
reversion found in more recent periods does not discount that 
longer-term persistence continues to exist and impact market prices. 

Drivers of Persistence – Behavioural Biases 
We have observed persistence in financial markets, but what 
is the reason for this? We believe that the root cause lies with 
investors themselves, or more specifically, their behavioural 
biases. The following section introduces some of the main 
behavioural biases at play. 

1. Herding
Almost anyone – investors and non-investors alike – will have felt 
the social pressure to conform. After all, it is easier to be part of 
a crowd than to stand alone in the world, regardless of whether 
the crowd is right or wrong. This is clearly a factor in how markets 
work, which can be observed in many ways – such as market 
bubbles, taking on more and more debt to sustain consumption 
and even institutional decision making.

In 1989, the Reserve Bank of New Zealand became the first 
central bank to publicly announce an inflation target of zero to 
two percent. The country’s inflation had averaged above 10% in 
the 1970s and 1980s, wiping out much of people’s life savings. 

At the end of 1989, inflation was still over 7%. At the time, 
inflation targeting was a fairly radical idea. But when the word 
spread at the Jackson Hole Economic Symposium that New 
Zealand had met its target in 1991, countries such as Canada, 
Sweden and Britain quickly followed suit. 

Shortly thereafter, Janet Yellen, then a governor of the US 
Federal Reserve, also backed a 2% inflation target. This level 
was seen as low enough to avoid negatively impacting business 
decision making, and yet high enough to give central banks some 
monetary policy ammunition if needed. Central bankers appeared 
not to be worried about the inefficiencies that could be created 
by inflation targeting, but rather seemed to exhibit herding 
behaviour. Generally, herding is prevalent in periods when 
information is scarce and in times of market uncertainty. 

2. Confirmation bias
With the advent of the internet, faster technology and further 
globalization, we all have access to a tremendous amount of 
information. For investors, that can often come in the form of 
market research from investment banks, research partners 
or just ‘online’. However, it is very easy to fall in the trap of 
preferring to read only the sources of information that agree with 
our own perspective, or by starting with a conclusion on a topic 
and mining for supporting evidence.

3. Recency bias
People tend to focus on recent events, and that often dictates 
or influences their behaviour. For example, if we drive past a car 
accident it is only natural to drive more cautiously for a while 
afterwards, or if a sports team just won a game, it is often more 
believable that they will win the next. Investors, therefore, may 
pile into investments that are doing well and sell those that are 
not. Similarly, in a bull market, recency bias can lull investors into 
a false sense of security, despite the experience of past boom and 
bust cycles, following the notion that ‘this time is different’.

4. Loss aversion
Losses are believed to be felt more strongly than gains – 
some studies suggest they are felt twice as strongly. Recent 
research shows that regions of the brain respond differently 
when assessing gains and losses, proposing that our brains are 
hardwired to this behavioural bias.

A major consequence of this is called the disposition effect. Once a 
loss has happened, investors will not want to acknowledge it as it is 
too painful. This leads to holding on to a position after a loss occurs 
even when there is bad news to justify it. In other words, they 
gamble from a losing position. Conversely, investors will often take 
a profit quickly, fearful that they will lose it, thus exhibiting risk-
averse behaviour. Therefore, loss aversion can lead to persistence, 
which can mean that markets take longer to find their fair value.



Chaos in financial markets: Extreme events 
If we are to believe that markets are indeed chaotic, then we 
must observe both the periods of persistence, as well as the 
unpredictable events that burst market bubbles or let the herd 
finally know they are wrong. 
 

We find the evidence of this element of chaos in the extreme tails 
of market returns. A histogram of daily returns of the Dow Jones 
Industrial Average index (Figure 5) reveals very little in terms of 
chaos. In fact, the message here appears to be that the market 
looks quite ‘normal’ and that there are quite a high number of days 
where the market moves very little. However, when you look more 
closely at the tails in the data, much more is revealed (Figure 6). 
 
Figure 6 shows that if the markets were indeed ‘normal’ there 
would be no observations of days with moves greater than +5% 
or less than -5%. The evidence speaks to the contrary – in fact, 
history shows that there have been a great number of days with 
moves of this magnitude or larger. A statistical analysis using an 
assumption of a normal distribution should convey that a four 
standard deviation event to the downside (a loss of -4.5%) should 
occur about once every 100 years. But reality tells another story: 
this type of drawdown has occurred 105 times over the roughly 
100-year period between January 1917 and June 2017. That 
is an average frequency of more than once a year. Kurtosis 
(or fat tails) can be observed regardless of the timescale used 
– in this example we used a 1-day time lag, but the same high 
frequency of actual extreme moves to expected extreme moves is 
observable whether you use weekly, monthly or quarterly data.

Therefore, investors should accept the reality of kurtosis, or fat 
tails, in the distribution of market returns, which is something 
to acknowledge when building portfolios or allocating to 
investments – to ensure that your capital can cope with the chaos.
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Figure 5 
Dow Jones Industrial Average index – distribution of market versus normal distribution 
 
Daily returns (%)

Source: Invesco and Bloomberg, L.P. as at 30 June 2016. Data period used: January 1917 to June 2017.
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Figure 6 
Dow Jones Industrial Average index – distribution of market versus normal distribution (in tails) 
 
Daily returns (%)

Source: Invesco and Bloomberg, L.P. as at 30 June 2016. Data period used: January 1917 to June 2017.
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Figure 4 
Japanese asset price bubble
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Figure 7 
Illustrating an asymmetric payoff structure

For illustrative purposes only. 
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Figure 8 
Skew for the S&P 500 index (1-year options) 
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Source: Bloomberg, L.P. as at 14 July 2017.
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Coping with chaos: Taking advantage of market opportunities 
We noted at the outset that the focus of this white paper would 
be specifically about the advantages of using option structures 
to express investment ideas – particularly, if you are trying to 
balance the objectives of achieving a positive return, while also 
attempting to cushion those returns from a potential loss. 
 
This is due to the non-linear or asymmetric payoff profile (Figure 
7) inherent within option contracts, which means that there is 
a greater potential for one outcome than another. This can be 
positive or negative, although typically investors focus on the 
potential for greater gains than losses.

To contrast this, one would consider linear exposure to a market, 
which means that you have a constant slope in your payoff profile, 
or more simply put, a straight line. The most common illustration 
of an option payoff profile would be a long call option, which has a 
payoff profile that is often referred to as a ‘hockey stick’, whereby 
the upside is unlimited, but there is a constant floor that serves to 
cushion from losses beyond the premium paid for the option.

The slope of the upside of the line represents the delta of the option 
contract, or its sensitivity to the change in price of the underlying 
market or index. Delta is one of the measures that helps determine 
the price of an option. Additionally, it would consider sensitivities to 
other factors like the volatility of the underlying market (vega), how 
quickly delta moves as the underlying moves (gamma), time decay 
as the option moves towards expiry (theta) or the risk-free rate 
(rho). Collectively, these are known as ‘the Greeks’.

Market makers recognise that the real distribution of returns has 
fat tails, as seen in the previous Dow Jones Industrial Average 
index example, and hence, price their derivatives accordingly. 
By taking into consideration higher expected risk, or implied 
volatility, the option’s vega is impacted, and therefore, the price 
of the option as well. Implied volatility can also be derived from 
the observable price of options.

Typically, ‘out-of-the-money’ put options are associated with 
much higher implied volatility than ‘at-the-money’ options. In 
Figure 8, we can see the skew priced into 1-year put options 
on the S&P 500 index. At 100%, the option is considered to be 
at-the-money, as we move below 100% the options become out-
of-the-money and as we move above 100% they are considered 
in-the-money. You can see that when you move out-of-the 
money, the implied volatility tends to increase, creating a smirk-
like pattern. 
 
When our team makes a decision on the best implementation 
route for an investment idea, it is important that we do not only 
take into consideration that extreme moves can happen (‘fat 
tails’) – we always need to expect the unexpected – but also try 
to assess whether we believe the market is pricing these events 
appropriately.

First, looking at the skew for options that expired in October 
2007, we clearly see evidence of recency bias, or irrational 
exuberance as one may call it, which tends to occur the further 
away we get from extreme market events. The chart shows that 
only 35% volatility was priced into the options even if the S&P 
500 index was to move down by 70%. To put this into context, 
after the market fell more than 50% from its peak during the 
Global Financial Crisis, the annualised realised volatility was 
roughly 60% for six months going into the March 2009 trough.

The skew for options that expired in June 2009, which was 
just after the worst of the Global Financial Crisis, again exhibits 
recency bias. This time, the higher volatility was lingering around 
60% with a fat tail being priced in. In August 2011, implied 
volatility had calmed down, and yet, an extreme event was being 
priced in due to fears that the European debt crisis would cause a 
ripple effect into US equity markets.

As investors, each of these moments may provide an investment 
opportunity based on an evaluation of expected risk versus the 
level of volatility implied in the option markets. If there appears to 
be a mismatch, there is scope to exploit an opportunity.
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Using option markets effectively 
We will now explore how we assess whether there is value 
embedded in option strategies that could help deliver returns, 
and how we determine the most effective implementation route. 

1. Obtaining long exposure to an equity market
Let us assume that we believe the Japanese equity market may 
climb higher on the basis of fundamentals, such as company 
earnings and central bank policy (purchase of ETFs), but we view 
the overall valuation of the market versus history to be ‘rich’. That 
may make us cautious and want to consider an implementation 
route that provides the asymmetry mentioned earlier.

In this particular example, we will illustrate ways to get long 
exposure to the Japanese equity market (Nikkei 225 index) that 
are non-linear and use various option strategies. We believe it is 
important to explore multiple ways of expressing our investment 
ideas. This helps us analyse the potential outcomes for investors, 
which depend on the paths that a market may take. 

The most common way to use options to get long exposure to 
a market would be through buying call options or selling put 
options. As implied volatility levels are typically higher than 
realised volatilities, we might consider selling 1-year at-the-
money put options, where we would expect to receive a decent 
premium due to the buyer of these contracts effectively buying 
insurance and tending to be price-takers. 

We would then analyse this decision, for example, by running a 
Monte Carlo simulation that would show 5000 iterations of paths 
this investment may take over its life, and what the return would 
be for each of those paths. In order to make sure the model tells 
us meaningful information, we first prescribe parameters for this 
simulation that include using a historical time series and adjusting 
the time series for skew and kurtosis. The result is shown in Figure 9.

Figure 9 
Sell 1-year put option on Nikkei 225 index 
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Chart 9a shows the average return of this strategy (mean), as 
well as the standard deviation around the mean, which can tell 
us how reliable that expected return may be. Additionally, the 
chart provides 5th percentile and 1st percentile outcomes, which 
illustrate the left tail of the expected return distribution. Chart 9b 
shows all of the expected return observations in the simulation 
and Chart 9c is the payoff profile of the strategy.

The mean suggests that we may be able to derive a small positive 
return on average. The payoff profile on expiry is visible here for 
selling a put, where you will only make the premium you receive 
for selling the option if markets go up, but you can lose money if 
markets go down.

9c. Strategy returns vs Nikkei 225 index 
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9b. Histogram of simulated  
strategy returns 

Return (%) Count 

Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown are 
hypothetical (not real) and represent a range of possible outcomes 
for this particular option strategy (selling a 1-year put option on 
the Nikkei 225 index) that was produced through Monte Carlo 
simulation. There can be no assurance that the simulated results 
can be achieved in the future.
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Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown 
are hypothetical (not real) and represent a range of possible 
outcomes for this particular option strategy (selling a series of 
1-month put option on the Nikkei 225 index) that was produced 
through Monte Carlo simulation. There can be no assurance that 
the simulated results can be achieved in the future.

10c. Strategy returns vs Nikkei 225 index 
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Alternatively, we may consider selling 1-month at-the-money 
put options and doing that every month for a full year. This tends 
to be a strategy that can work well when shorter-dated implied 
volatility is expensive. Clearly, the strike prices of the future 
1-month put options required to execute this strategy are not 
known in advance, so the success of this implementation route is 
very dependent on the path the market takes.

We show the output for this strategy in Figure 10. Here, we can 
see that the simulated strategy returns look similar to the payoff 
profile of the original short 1-year put option strategy. However, 
the scattergram (Chart 10c) makes it clear that this strategy can 
lose money even when the Nikkei 225 index climbs higher.

Should the market fall dramatically in the first month, the sold 
put option goes well in-the-money due to the market price falling 
below the strike price of the option. This would result in a loss, as 
the strategy is exposed to the downside of the Nikkei. Should the 
market rally sharply the following month, one would receive the 
premium gained from selling a new 1-month put option, but not be 
compensated further despite the market going up. The loss from 
the first month can therefore not be recuperated with this strategy.

The monthly purchase of a new option would repeat over the 
course of the year, and the simulation output depicts the potential 
for negative outcomes, simply because the strategy is ultimately 
path dependent. In Chart 10a, we can see a negative mean 
expected return, and it is therefore clear that for the current levels 
of implied volatility, the premiums for put options are not high 
enough to compensate for bad path dependence.

Based on this, we would continue to explore option strategies 
that may have better path dependence. One such example is 
selling a longer-dated put option similar to our first iteration, but 
protecting the downside with a series of short-dated, out-of-
the-money put options, which may improve the potential payoff 
profile and provide better asymmetry.

The undesirable scenario mentioned earlier, where you 
experience a sharp market correction in the first month, followed 
by a strong recovery in the next, would have very little impact on 
the sold longer-dated put option in this iteration. This is because 
the delta (sensitivity to the move of the underlying, i.e. the Nikkei 
225 index) is reduced the further the option is from expiry – in 
this case, roughly 11 months. Concurrently, due to the protective 
nature of our shorter-dated long put option (which would benefit 
from a fall in the index), it would likely make more money in the 
first month than we would lose in the premium paid for the next 
1-month put option the following month.

Figure 10 
Sell series of 1-month put options on Nikkei 225 
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By reviewing all of these options, we can determine the strategy 
with the most potential value. Our final decision will then take 
into account current prices, the likely distribution of market 
returns and the trade-off between path dependence and the 
certainty one could get from simply buying or selling an option, 
amongst other factors.
 
2. Protecting capital
Given market uncertainty, investors may see value in trying to 
build asymmetric or convex payoff profiles into their portfolio to 
provide protection in the case of market drawdowns. This was 
present in the prior example, however this time, we will illustrate 
protection strategies that primarily aim to make money when 
markets fall in order to protect independently held long market 
beta exposures.

Within the Invesco Global Targeted Returns Strategy, we currently 
have exposure to European equity beta within an investment idea. 
While we believe that European equities will deliver a positive 
return in our central case, we acknowledge there are risks to that 
outcome, so it is worth exploring how to protect it. One of the 
simplest approaches to obtain some protection from an equity 
market drawdown using options on the Eurostoxx 50 index would 
be to buy a 1-year at-the-money put option.

Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown 
are hypothetical (not real) and represent a range of possible 
outcomes for this particular option strategy (selling a 1-year 
at-the-money put option and buying a series of 95% 1-month 
put options on the Nikkei 225 index) that was produced through 
Monte Carlo simulation. There can be no assurance that the 
simulated results can be achieved in the future.

11c. Strategy returns vs Nikkei 225 index 
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Figure 11 
Sell 1-year at-the-money put option and buy series of 95% 
1-month put options 

11a. Overview of simulated strategy returns

11b. Histogram of simulated  
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As you can see in Figure 11, the overall shape of the returns 
(Chart 11c) still exhibits a similar payoff profile to a short put 
option, but this time the path dependence is favourable, with 
more observations of higher positive potential returns.
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Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown are 
hypothetical (not real) and represent a range of possible outcomes 
for this particular option strategy (buying a 1-year Eurostoxx 50 
index put option and holding it for six months) that was produced 
through Monte Carlo simulation. There can be no assurance that 
the simulated results can be achieved in the future.

12c. Strategy returns vs Eurostoxx 50 index 
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So, if the market does not decline this option strategy will 
face a performance drag that would erode the central positive 
return expectation from owning European equity beta outright. 
Therefore, this may not be the most advantageous way of 
protecting equity exposure. To improve this, we could look for a 
zero-cost option structure instead, where no up-front premium 
is paid. This can be constructed by selling an at-the-money put 
option to generate income and using that income to fund the 
purchase of out-of-the-money put options to provide downside 
protection. This is illustrated in Figure 13 and Figure 14, which 
show the simulation results at expiry, as well as halfway to expiry 
– after 6 months.

Figure 13 
1x2 put spread (sell at-the-money, buy 10% out-of-the-
money) at expiry 

13a. Overview of simulated strategy returns
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Figure 12 
Buy 1-year Eurostoxx 50 put option – outcomes after  
six months 

12a. Overview of simulated strategy returns
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12b. Histogram of simulated  
strategy returns 
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Figure 12 shows the simulation outputs for this implementation. 
Here, we are looking at the result of holding the options for six 
months just to provide a like-for-like comparison to outputs we will 
provide later on. Given the levels of option prices at the time the 
illustration was created, we can see that the mean return is close to 
zero, while the mode (the most frequent observation in Chart 12b) 
is a loss that is equal to the premium paid for the option.
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Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown 
are hypothetical (not real) and represent a range of possible 
outcomes for this particular option strategy (1x2 put spread on 
the Eurostoxx 50 index held to expiry) that was produced through 
Monte Carlo simulation. There can be no assurance that the 
simulated results can be achieved in the future.

13b. Histogram of simulated  
strategy returns 
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13c. Strategy returns vs Eurostoxx 50 index 
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Figure 14 
1x2 put spread (sell at-the-money, buy 10% out-of-the-
money) after six months 

14a. Overview of simulated strategy returns

14b. Histogram of simulated  
strategy returns 
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Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown 
are hypothetical (not real) and represent a range of possible 
outcomes for this particular option strategy (1x2 put spread on 
the Eurostoxx 50 index held for 6 months) that was produced 
through Monte Carlo simulation. There can be no assurance that 
the simulated results can be achieved in the future.

14c. Strategy returns vs Eurostoxx 50 index 
 
  Strategy 
SX5E index (%) Payoff (%)

40

0

30

-50 -25 0 25 50 75

20

10

The benefit of this implementation is that there are no upfront 
costs to the portfolio to implement it, and there is no penalty 
should the market go up. Its true value is realised in a market 
crash – that is why the structure is often referred to as ‘crash 
protection’. However, there is a potential ‘valley of death’ where 
painful loss may be incurred. The maximum loss is at expiry, and 
occurs if the market has fallen 10%, meeting the strike price of 
the purchased out-of-the-money options. In this scenario, one 
would face a loss on the sold put option, whilst the purchased 
‘protection’ of the bought put options would expire worthless.

The valley of death is partially avoided by holding these options 
only part of the way to maturity. This is because option value is 
comprised of the time value and the intrinsic value of the option, 
or how in-the-money it is. The further from expiry, the longer an 
option has to potentially go in-the-money. After six months, you 
still have six months left for the options to realize some value, so 
your potential payoff is improved.

Although there are additional trading costs to consider, the 
outcome can be improved by using a strategy that rolls each 
position into a new 1-year contract every 3 months (Figure 15). 
By doing so, the path dependence becomes beneficial – the valley 
of death is avoided and the dip is much less pronounced. In fact, 
there are even observations of positive returns without a major 
market event occurring.

Figure 15 
1x2 put spread (sell at-the-money, buy 10% out-of-the-
money) sold after 3 months and repeated over 1 year 

15a. Overview of simulated strategy returns
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15c. Strategy returns vs Eurostoxx 50 index 
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But as most investors know, there is no free lunch, so we must 
consider the price of volatility and the relative cost of out-of-the-
money options relative to at-the-money options to decide which, 
if any, of these structures is the most effective to implement. 

3. Participating in the upside
The recent equity market recovery has sent many developed 
equity markets to new highs, yet investors have broadly deemed 
it as the most hated bull market of all time. With a low growth, low 
yield backdrop markets appear to be climbing a wall of worry, as 
the saying goes.

In this oxymoronic bull market, it is not hard to find reasons why 
some markets, like the US equity market, appear both expensive 
and attractive to own. Long-term valuations (e.g. Shiller P/E, 
market cap to GDP) seem to be at stretched levels. At the same 
time, sectors with earnings growth potential, like technology, can 
still be attractive given low interest rates.

If we want exposure to the US equity market in the Invesco Global 
Targeted Returns Strategy, we may consider implementations 
that allow us to participate in any continuation of this bull 
market, yet limit downside exposure for when the party is over. A 
straightforward way to do this would be to purchase at-the-money 
call options. The simulated outcomes for buying 3-month at-the-
money call options and rolling them over the course of a 1-year 
period look reasonably attractive (Figure 16). Currently, with short-
dated volatility at low levels, this has a positive expected return.

Source: Invesco and Bloomberg, L.P. as at 30 June 2017. 
For illustrative and educational purposes use only. This does 
not constitute a recommendation of the suitability of any 
investment or trading strategy for a particular investor. The 
results shown are hypothetical (not real) and represent a range 
of possible outcomes for this particular option strategy (1x2 
put spread on the Eurostoxx 50 index, sold after 3 months 
and repeated over 1 year) that was produced through Monte 
Carlo simulation. There can be no assurance that the simulated 
results can be achieved in the future.

Figure 16 
Buy 3-month S&P 500 call options and rolling them for a year 

16a. Overview of simulated strategy returns
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Source: Invesco and Bloomberg, L.P. as at 30 June 2017. For 
illustrative and educational purposes use only. This does not 
constitute a recommendation of the suitability of any investment 
or trading strategy for a particular investor. The results shown are 
hypothetical (not real) and represent a range of possible outcomes 
for this particular option strategy (buy 3-month S&P 500 index 
call options and rolling them for a year) that was produced 
through Monte Carlo simulation. There can be no assurance that 
the simulated results can be achieved in the future.

16c. Strategy returns vs S&P 500 index 
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The main drawback of this approach is that it is most effective 
when markets do indeed rally. In a sideways market environment, 
losses will be made – particularly due to the premiums paid for 
the options at initiation and each time they are rolled. However, 
in a sharp sell-off, it would still perform better than the underlying 
index on its own (in this case, the S&P 500 index), as the losses 
would be capped.

In Figure 18, we illustrate an alternative approach to this 
strategy. Here, we purchase the same call options as in the 
original structure, but fund them by selling call options on the 
Russell 2000 index. This takes advantage of two structural 
features in the volatility of these two US equity markets:

1.  Small cap equity markets (represented by the Russell 2000 
index) typically exhibit higher volatility than large cap equity 
markets (represented by the S&P 500 index), therefore 
allowing for the ratio of S&P 500 call options to Russell 2000 
call options to be higher than 1:1 for zero net premium.

2.  Out-of-the-money call options on the S&P 500 tend to be 
cheap because there is constant selling (overwriting) as 
a means of generating income due to the yield-seeking 
behaviour of investors in this low yield environment. This 
pushes down the price of S&P 500 call options even further 
relative to Russell 2000 out-of-the-money calls.

Both of these features are illustrated in Figure 17. The top chart 
shows that the Russell 2000 index (pink line) has a higher implied 
volatility at all points than the S&P 500 (purple line) illustrating 
the first point above. The bottom chart shows the same 
information as a spread.

Figure 17 
Volatility ‘smile’ for 3-month options for the S&P 500 and 
Russell 2000 indices 
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Figure 18 
Sell 3-month call options on the Russell 2000 index and buy 
3-month calls on the S&P 500 index 

18a. Overview of simulated strategy returns
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Given current pricing, we can therefore buy three call options on 
the S&P 500 with the premium that is raised by selling just one call 
option on the Russell 1000. This does not eliminate all potential 
risks, in particular, the risk of a stronger rally in the Russell 2000 
versus the S&P 500 – similar to what was experienced in these 
markets after the US presidential election in 2016.

The S&P 500 rallied approximately 7.5% between the day of the 
election (8 November 2016) and the end of the year, while the 
Russell 2000 returned over 17% in the same period. This may at 
first appear fine – after all, the investment strategy implies that 
we would have owned three times as many S&P 500 call options, 
and the index did return more than a third of what the Russell 
2000 gained. However, we need to take into consideration that 
the strategy is implemented using out-of-the-money call options. 
Due to the skew, this strategy cannot be implemented using 
at-the-money call options. We therefore have to account for that 
gap in the payoff profile.

If we had purchased calls that were 5% out-of-the-money, the 
intrinsic return of the S&P 500 call options would actually 
have been 3 x 2.4% (or 7.2%) compared to the intrinsic loss in 
the Russell 2000 call options of 12.3%. However, despite the 
possibility of losing money through this structure, we believe it 
can provide better value than simply buying call options, or other 
more linear means of gaining exposure to the S&P 500 when 
aiming for asymmetry. As can be seen in Figure 18, the mean 
is strongly positive in the simulated output for this strategy and 
a considerable amount of positive observations can be seen 
whether or not the S&P 500 moves up or down. This would make 
the strategy advantageous indeed. 

Conclusion 
Chaotic systems, like financial markets, require unique strategies, 
in order to achieve desirable outcomes without knowing how the 
path ahead will unfold. It has been proven that there is persistence 
observable in weather, such as when H. E. Hurst showed that 
flood years in Egypt were often followed by more flood years, 
while drought was followed by drought. However, it can be very 
hard to predict how long such persistent regimes may last.

More observable in the ‘real world’, extended periods of dry 
weather occasionally leads to forest fires, which is a natural 
regime shift. Around the turn of the century, after several 
massive destructions caused by fire in the United States, fire was 
immediately extinguished at the earliest opportunity for fear 
of repeated destruction. But in the 1960s, it was determined 
that these fires were necessary to allow for the creation of new 
growth and instead, policies shifted to allowing for controlled 
burns rather than suppression. This is how the real world copes 
with chaos.

Similarly, investors should seek out investment strategies that do 
not rely upon the unstable persistence of markets perpetuated by 
behavioural biases such as herding, but rather acknowledge the 
chaos of the system. For us, this means finding asymmetric ways 
to express investment ideas using strategies such as the option 
implementations highlighted in this paper, which aim to allow for 
positive returns through upside capture, while offering capital 
protection for when regime changes or extreme events occur.

18b. Histogram of simulated  
strategy returns 

Return (%) Count 

Source: Invesco and Bloomberg, L.P. as at 30 June 2017. 
For illustrative and educational purposes use only. This does 
not constitute a recommendation of the suitability of any 
investment or trading strategy for a particular investor. The 
results shown are hypothetical (not real) and represent a 
range of possible outcomes for this particular option strategy 
(sell 3-month call options on the Russell 2000 index and 
buy 3-month calls on the S&P 500 index) that was produced 
through Monte Carlo simulation. There can be no assurance 
that the simulated results can be achieved in the future.

18c. Strategy returns vs S&P 500 index 
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Important information 

This document is not for consumer use; please do not redistribute this document. Data as at 30 July 2017, unless otherwise stated. 

This document is not subject to regulatory requirements that ensure impartiality of investment recommendations and investment strategy recommendations. 
Therefore, the prohibition of trading before the release of investment recommendations and investment strategy recommendations does not apply. 

Past performance is not a guide to future returns. The opinions of the ideas expressed are those of Invesco Perpetual Multi-Asset Team and are based on current 
market conditions which are subject to change without notice. These opinions may differ from other Invesco investment professionals. 

The value of investments and any income will fluctuate (this may partly be the result of exchange rate fluctuations) and investors may not get back the full amount 
invested. Where securities are mentioned in this document they do not necessarily represent a specific portfolio holding and do not constitute a recommendation to 
purchase, hold or sell. Derivatives may be more volatile and less liquid than traditional investments and are subject to market, interest rate, credit, leverage, 
counterparty and management risks.  

An investment in a derivative could lose more than the cash amount invested. A decision as to whether, when and how to use options involves the exercise of skill 
and judgment, and even a well-conceived option transaction may be unsuccessful because of market behaviour or unexpected events. The prices of options can 
be highly volatile and the use of options can lower total returns. 

The risks of investing in securities of foreign issuers, including emerging market issuers, can include fluctuations in foreign currencies, political and economic 
instability, and foreign taxation issues. 

Underlying investments may appreciate or decrease significantly in value over short periods of time and cause share values to experience significant volatility 
over short periods of time. 

Leverage created from borrowing or certain types of transactions or instruments may impair liquidity, cause positions to be liquidated at an unfavourable time, 
lose more than the amount invested, or increase volatility. 

Short sales may cause an investor to repurchase a security at a higher price, causing a loss. As there is no limit on how much the price of the security can increase, 
exposure to potential loss is unlimited. 

Commodities, currencies and futures generally are volatile and are not suitable for all investors. 

Whilst great care has been taken to ensure that the information contained herein is accurate, no responsibility can be accepted for any errors, mistakes or omissions 
or for any action taken in reliance thereon. As with all investments, there are associated risks. Please obtain and review all relevant materials carefully before 
investing. This document is by way of information only. Asset management services are provided by Invesco in accordance with appropriate local legislation and 
regulations where applicable. 

This document has been prepared only for those persons to whom Invesco has provided it for informational purposes only. This document is not an offering 
of a financial product and is not intended for and should not be distributed to retail clients who are resident in jurisdiction where its distribution is not 
authorized or is unlawful. Circulation, disclosure, or dissemination of all or any part of this document to any person without the consent of Invesco is 
prohibited. 

This document may contain statements that are not purely historical in nature but are "forward-looking statements", which are based on certain assumptions 
of future events. Forward-looking statements are based on information available on the date hereof, and Invesco does not assume any duty to update any 
forward-looking statement. Actual events may differ from those assumed. There can be no assurance that forward-looking statements, including any 
projected returns, will materialize or that actual market conditions and/or performance results will not be materially different or worse than those presented. 

The information in this document has been prepared without taking into account any investor’s investment objectives, financial situation or particular 
needs. Before acting on the information the investor should consider its appropriateness having regard to their investment objectives, financial situation and 
needs. You should note that this information:

• may contain references to amounts which are not in local currencies;
• may contain financial information which is not prepared in accordance with the laws or practices of your country of residence;
• may not address risks associated with investment in foreign currency denominated investments; and
• does not address local tax issues.

All material presented is compiled from sources believed to be reliable and current, but accuracy cannot be guaranteed. Investment involves risk. Please 
review all financial material carefully before investing. The opinions expressed are based on current market conditions and are subject to change 
without notice. These opinions may differ from those of other Invesco investment professionals. 

The distribution and offering of this document in certain jurisdictions may be restricted by law.  Persons into whose possession this marketing material 
may come are required to inform themselves about and to comply with any relevant restrictions. This does not constitute an offer or solicitation by 
anyone in any jurisdiction in which such an offer is not authorised or to any person to whom it is unlawful to make such an offer or solicitation. 




