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[bookmark: _jy3eo1ds1hnk]Motivation

In 2018, a new ‘QQQ Put Option Insurance Strategy’ was developed as a hedge of our GameChanger portfolio. Although we have not played it so far, it looks very promising for later use, especially when someone wants to prepare for an upcoming recession. In this current study, an in-depth analysis of this strategy and a possible extension is also presented. During calculations, we are using real QQQ stock and option prices from 2011-03-23 to 2019-05-17 (we do not have real option prices before this period).[footnoteRef:1] [1:  To the best of our knowledge, QQQ options exist since April 16, 2003. But unfortunately, data between 2004-02-12 and 2008-12-31 is not available even from CBOE website.] 

[bookmark: _80exymy0d6i3][bookmark: _1bic9w1h4fub]Background

‘A big part of our total portfolio is long GameChanger stocks. Recently, this is very profitable but could very easily turn into huge losses, for example during a market panic or when the long-awaited bears finally arrive. Therefore, the need arises from time to time to establish some kind of protection for our portfolio. In such cases, being able to limit the maximum loss is the most important for a risk-averse investor without limiting or significantly reducing expected profit. It is well known that every insurance has a price, but it is not all the same that this cost is 10% or even 50% of the profit.

One of our ideas is buying ATM QQQ put options as an insurance (protective put option strategy) and systematically rebalancing it (using rolling up technique or periodically at expiration).’

Protective Put (or Married Put) Option Strategy[footnoteRef:2] [2:  https://www.optiontradingtips.com/strategies/protective-put.html] 


A Protective Put is where you are long the underlying asset and also long put options. The profile resembles a long call. The Max Loss is limited to the premium paid for the put option. The Max Gain is uncapped as the underlying instrument rises.
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Characteristics

When to use: When you are long stock and want to protect yourself against a market correction.

A Protective Put strategy has a very similar pay off profile to the Long Call. You maximum loss is limited to the premium paid for the option and you have an unlimited profit potential.

Protective Puts are ideal for investors who are very risk averse, i.e. they hold stock and are concerned about a stock market correction. So, if the market does sell off rapidly, the value of the put options that the trader holds will increase while the value of the stock will decrease. If the combined position is hedged then the profits of the put options will offset the losses of the stock and all the investor will loose will be the premium paid.

However, if the market rises substantially past the exercise price of the put options, then the puts will expire worthless while the stock position increases. But, the loss of the put position is limited, while the profits gained from the increase in the stock position are unlimited. So, in this case the losses of the put option and the gains form the stock do not offset each other: the profits gained from the increase in the underlying out weight the loss sustained from the put option premium.


Protective Put Greeks

Delta
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Gamma
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Vega
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Previous Expectations

‘At first, after taking a look at Chart 1 and Table 1, we should not have excessive expectations with regard to the profitability (CAGR) of this insurance strategy: QQQ has moved up about +240% in the examined period (from 2011-03-23 until 2018-08-31) without really significant corrections (maximum drawdown is only 16.36%). And since it is an ‘insurance strategy’, it is expected to perform better in ‘difficult times’. However, a slight improvement in the Sharpe ratio or MAR ratio might not be beyond hope.

With regard to the optimal maturity, it is difficult to predict anything. Someone may expect these:
· The disadvantage of the shortly expiring (1-2-month maturity) options:
· Time Value erosion (Theta): short-term options could be the more expensive because Time Value erosion (Theta) is the most in the last month of the life of the option (Looking at the Theta lines in the previous charts showing the option Greeks we can conclude that as of theta-wise, the option with 3 days to expiration is much more expensive than the 30 days to expiration).
· The advantage of the shortly expiring (1-2-month maturity) options:
· More frequent rebalance (thus the temporary profit on the Put option from small panicky corrections can be locked in);
· Less tied up (risked) capital (because the price of the long-term Put is more than the short-term one);
· Long-term options have higher delta when the option is already OTM, thus the erosion of the option price is higher when the price of the underlying increases.

All these thought are confirmed by Chart 2, where the QQQ put option chains at close on 2018-09-07 can be seen. Furthermore, it can be seen that the IV (implied volatility - 0.168) is not significantly higher than the HV (historical volatility - 0.165), which is a prerequisite for a profitable long option strategy. Looking at the data in Chart 2 a bit more closely, it can be concluded that any put option buying protection strategy could perform well in case of highly volatile (in which case the 'Put option' part earns money) and/or trending market (in an uptrending market the 'stock' part earns significant money) but do awfully in case of sideways market (when the stock part doesn't earn money and the 'Put option' part loses money). Fortunately, looking at Chart 1 again, from 2011 to 2018, typically QQQ was mean-reverting (therefore moderately volatile) in short-term and trend following in long-term. It should be true most of the time outside of this examined period as well.

Based on all of the above mentioned thoughts and findings, we expect that this strategy could be appropriate for risk averse investors. Furthermore, frequent rebalances (using either short or long-term options) can be the most effective choice. ‘


Chart 1: Portfolio value of Buy&Hold QQQ Strategy
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Table 1: Performance indicators of Buy&Hold QQQ Strategy
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Chart 2: QQQ put option chains at close on 2018-09-07 when QQQ stock spot price was 181.11

[image: ]






Previous Results

In the previous study in 2018, ‘we examined whether our GameChanger portfolio could be hedged/insured with QQQ put options using different techniques.

The protective put option strategy with systematic rebalance/rebuy:  roll forward (periodical rebalance at expiration) and options roll up  technique were analysed. During calculations, we used real option and stock prices from 2011-03-23 to 2018-08-31. Options with 1-, 2-, 4-, 6-, 8-, 10- or 12-month maturity were chosen to buy in the strategies.

At first, we concluded that we should not have excessive expectations with regard to the profitability (CAGR) of this insurance strategy: QQQ has moved up about +240% in the examined period (from 2011-03-23 until 2018-08-31) without really significant corrections (maximum drawdown is only 16.36%). And since it is an ‘insurance strategy’, it is expected to perform better in ‘difficult times’, not in this bullish period. For this reason, in our next study, the performance in these ‘difficult times’ will be investigated using synthesized, generated option and stock prices.

Based on our results we concluded that:
· simple Buy&Hold QQQ stock strategy has by far the best CAGR (17.49%) as it was expected;
· in all cases, CAGR is about 9-10%;
· maximum drawdown is higher when rebalance is less frequent (even higher than the pure buy&hold);
· the monthly rebalance technique (which has the most frequent rebalance) has the highest Sharpe and MAR ratios. Sharpe is about the same, but MAR is even better than the Buy&Hold QQQ stock strategy;
· besides them, rolling up with 3% or 5% rebalance threshold and 2-month maturity performed also at least as well as the pure buy&hold with respect to these ratios.

Next, we analysed the monthly rebalance with 1-month maturity as far as the rolling up technique with 5% rebalance threshold and 2-month maturity in more detail. We found that both of them are almost as good as the simple Buy&Hold strategy, especially when leverage is used. Furthermore, we showed that the option sub-strategy can almost perfectly protect the stock sub-strategy in extreme bearish periods (i.e. when the stock falls a lot). In bullish periods, the gain on stock could fairly compensate for the loss on option, so the strategy as a whole remains profitable. The only time we make an “unnecessary” loss is when the market is sideways.

Finally, we showed that the start date of the backtest is irrelevant, thus the good performance is not derived from data-fitting.

All in all, we recommend playing this ‘QQQ Put Option Insurance Strategy’ either with monthly rebalance with 1-month maturity options or with the rolling up technique with 5% rebalance threshold and 2-month maturity options.’

In this current study, we are only dealing with the ‘monthly rebalance with 1-month maturity options’ strategy, which seems the best choice for us.

[bookmark: _dni33xrtkkxe]Results
[bookmark: _yuk6yhomqn00]Real Life Performance of the QQQ Put Option Insurance Strategy - 2011-2019

At first, let us see how the strategy would have performed from 2011 until the first half of 2019 using real option and stock prices. 

The strategy uses roll forward (periodical rebalance) technique: ATM (or nearest OTM) options with 1-month maturity are bought at close on an OPEX day and are rolled forward on the subsequent OPEX day one month later (I.e. we let the current option expire, and buy a new ATM option which expires 1-month in the future. This is repeated every month.). 1,000 shares were bought at the beginning of the backtest (buy and hold forever) and at every rebuy/rebalance the corresponding 10 options were purchased. In other words, we play buy&hold forever QQQ stock with the corresponding number of options as an insurance/hedge. Thus, the strategy has two parts: long stock and long put option.

The past performance of this strategy, its parts and the pure buy&hold QQQ (without any insurance) can be seen in Chart 3-3a and in Table 2a-2d. In case of put option and long stock parts, daily returns compared to the whole portfolio were calculated and PVs are based on these ‘daily returns’. Thus, yearly performances of the parts can not be added or multiplied with each other. Furthermore, because of this method, result of pure buy&hold QQQ strategy is not exactly the same with the result of long QQQ part of the examined insurance strategy.

However, it is clearly visible that although the insurance strategy has lower CAGR than the pure buy&hold strategy, it has slightly better Sharpe- and MAR-ratio and lower maximum drawdown. It has to be emphasized again (as we did it in our previous study, see ‘Previous Expectations’ part of the Background chapter) that:
· ‘we should not have excessive expectations with regard to the profitability (CAGR) of this insurance strategy: QQQ has moved up about +240% in the examined period (from 2011-03-23 until 2018-08-31) without really significant corrections (maximum drawdown is only 16.36%). And since it is an ‘insurance strategy’, it is expected to perform better in ‘difficult times’.’ and 
· ‘any put option buying protection strategy could perform well in case of highly volatile (in which case the 'Put option' part earns money) and/or trending market (in an uptrending market the 'stock' part earns significant money) but do awfully in case of sideways market (when the stock part doesn't earn money and the 'Put option' part loses money). Fortunately, looking at Chart 1 again, from 2011 to 2018, typically QQQ was mean-reverting (therefore moderately volatile) in short-term and trend following in long-term. It should be true most of the time outside of this examined period as well.’

All in all, we still believe in this strategy and recommend this kind of portfolio insurance for real life trading. In the next section, we are digging deeper into this strategy.



Chart 3: PV of QQQ Put Option Insurance Strategy
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Chart 3a: PV of QQQ Put Option Insurance Strategy - logarithmic scale
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Table 2a: Performance indicators of Buy&Hold QQQ
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Table 2b: Performance indicators of QQQ Put Option Insurance Strategy - (long stock + long put option)
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Table 2c: Performance indicators of QQQ Put Option Insurance Strategy long stock part
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Table 2d: Performance indicators of QQQ Put Option Insurance Strategy put option part
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[bookmark: _3qnxdbxrgvt4]Digging deeper into the QQQ Put Option Insurance Strategy

[bookmark: _7lpr7bmfxz0a]The Effect of Volatility on QQQ Put Option Insurance Strategy

A sharp-eyed investor may wonder to what extent the success of this put option insurance strategy depends on market volatility: ‘It would be intuitive to think that the strategy success is correlated to Volatility but when Vol is high the put option cost can be prohibitive.’[footnoteRef:3]  [3:  By Didier Charmat on 2019-01-02.] 

In this subsection, the cost and profitability of our QQQ Put Option Insurance Strategy as a function of volatility is presented.

At first, check how the put price is influenced by market (historical) volatility. Chart 4 shows the connection between the price of required amount of put options (as a function of invested percentage of PV) and the 20-day historical volatility of QQQ. It can be clearly seen that the relationship is strong, as the R2 is 0.5621 (and thus the correlation coefficient r is +0.75). It means that the higher the market volatility is at the moment of buying option, the higher the price of the put option: it goes from 1–1.5% to 3–4% of the total PV[footnoteRef:4]. It is worth noting that this result is not surprising. Based on the Black-Scholes equation used for option pricing, the option price is a positive function of implied volatility (IV), for which the historical volatility (HV) is the simplest proxy.     [4:  Arithmetic mean of option prices in the examined period: 1.9% of the total PV.] 


Chart 4: Invested Percentage vs. 20-day HV of QQQ
[image: ]

All right, we have seen that options are more expensive to buy when volatility is high. But someone might be wondering how this will affect the profitability of the strategy.

Chart 5a shows that generally the profit of put option part is lower when HV is higher at the moment of buying options. But there are lots of outliers, therefore the correlation is weak (R2 is 0.0127, so r=-0.11). It means that during a market panic (or correction) QQQ loses much of its value, its HV increases significantly (see Chart 7b), put options become expensive, the put option part of our strategy becomes profitable, as it can be concluded based on Chart 5b (R2 is 0.1331, so r=+0.36). However, in most cases the market calms down, QQQ gets stronger again (see Chart 7a), thus put options become worthless one month later. Nevertheless, there are times when panic continues or turns into a bear market and in this situations the profitability is just the opposite (these are the outliers of the charts). It is worth emphasizing that the effect of the past month (HV at buy, r=-0.11) is negligible compared to the effect of the current month (HV at sell, r=0.36).

What is important for us is the profitability of the whole strategy: long QQQ stock + long put option (with 100% insurance exposure). After taking a look at Chart 6a-b, it can be concluded again that the effect of the past month (HV at buy, R2=0.0197, r=0.14) is significantly lower compared to the effect of the current month (HV at sell, R2=0.0981, r=-0.31). Moreover, the direction of the relationship between profitability and HV (past or current) is the opposite of the put option part. It means that the long QQQ stock part is more significant then the put option part - as it was expected.

However, for a risk averse investor, it is even more important that - comparing Chart 6a-b with Chart 7a-b - thanks to the put option part, the possible loss is really limited (about -4% (the cost of option) compared to the ~-14% of buy&hold QQQ during hard times), while the profit is not significantly lower (about -2% difference (the cost of option)  when QQQ increases a lot).

Chart 5a: Profit of Put Option Part vs. 20-day HV of QQQ at the moment of buying option
[image: ]
Chart 5b: Profit of Put Option Part vs. 20-day HV of QQQ at the moment of selling option
[image: ]
Chart 6a: Total profit of strategy (long QQQ + put option) vs. 20-day HV of QQQ at the moment of buying option
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Chart 6b: Total profit of strategy (long QQQ + put option) vs. 20-day HV of QQQ at the moment of selling option
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Chart 7a: 1-month percentage change of QQQ  vs. 20-day HV of QQQ at the moment of buying option
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Chart 7b: 1-month percentage change of QQQ  vs. 20-day HV of QQQ at the moment of selling option
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[bookmark: _y9x4z7f27i65]The Effect of QQQ Price Change in Previous Month on QQQ Put Option Insurance Strategy

In the previous subsection it has been examined how the volatility of QQQ affects the performance of QQQ Put Option Insurance Strategy. Now, the effect of QQQ price change will be presented.

At first, Chart 8a shows the profitability both the put option part and the whole strategy (Total Profit) in the function of QQQ percentage change in the given month. As it can be seen, the linear correlation (R2=0.7604 and 0.7244 ⇒ r=0.87 and 0.85) is very strong, but the combination of two linear functions (with different slopes) would be more appropriate in both cases. 

The profitability of put option part is increasing when the percentage change of QQQ price is decreasing and negative, while constant (~-2 – -4%) when the change of QQQ price is positive (i.e. the put option becomes worthless). When the percentage change of QQQ is negative but close to zero, the time value of the put option at the moment of buy causes the slightly negative profit.

The profitability of the whole strategy is almost the mirror image of the put option part profitability reflected on the Y axis. It is constantly negative (~-2 – -4%) when QQQ change is negative and increasing when QQQ is also increasing and positive.

It means that the potential loss of the strategy is limited: -2 – -4% per month in worst cases, while the profit is unlimited and about -2% (average buy price of put option) lower than the unhedged buy and hold QQQ strategy.

Chart 8a: 1-month percentage change of QQQ  vs. Profit of Put Option Insurance Strategy
[image: ]

For the sake of interested readers, it has been also checked how last month's performance of QQQ affects profitability of our insurance strategy. As it can be concluded based on Chart 8b: it does not affect it in any way.

This finding and the conclusions of previous subsection mean that this kind of put option insurance strategy has to be constantly played, not only in low- or high-volatile regimes, after a good or bad month etc. For instance, it is tempting to stop buying put insurance in bullish periods. Maybe just buying it after one bearish month. But the numbers doesn't support that claim. Chart 8b shows that no matter the previous month was bearish or bullish, the total portfolio profit is the same. Therefore, the previous 1-month QQQ %change cannot be used to forecast or time the necessity of buying put option insurance.

Chart 8b: 1-month percentage change of QQQ in previous month  vs. Profit of Put Option Insurance Strategy
[image: ]

[bookmark: _u3sqle52otpo]Distribution of Monthly Profits - Buy&Hold QQQ vs. Put Option Protection

Someone might also be interested in what proportion of trades are profitable in our put option insurance strategy and its sub-strategies.

Chart 9 shows the distribution of monthly profits, while Table 3 contains some statistical indicators. It It can be seen that although the put option part - which profits only in scary bear periods - is profitable only in 20.83% of months (and in 73.47% totally loser - goes to $0), the pure buy&hold QQQ can lose even -13.5% in these months. In contrast, the maximal loss of put option part is limited (~-4%). In other words, the bull-period preferring buy&hold QQQ is profitable in about 70% of months in the backtested period, but has some big losses. Meanwhile, put options are naturally loss-makers in bullish and sideways regimes. Thus, it has to be emphasized that the starting point of backtested period is 2011-03-23 and there was not any bear market since then. It is more important that the combined long QQQ + put insurance strategy (Total) was profitable in 52.08% of time with almost 1% monthly profit on average and has limited risk. 

If someone is interested in how the strategy would perform in case of a bear market or significant corrections, he will find a detailed Monte-Carlo analysis in the next chapter.

Chart 9: Distribution of Monthly Profits
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Table 3: Statistical indicators of monthly profits
[image: ]

[bookmark: _1um6pvvoky83]Effect of Double Option Exposure on Profitability

More qualified investors may wonder if it would not be worth playing with double option exposure, as the beta of the required ATM put option is 50% (at the time of buying). Obviously, the 1-1 stock-option proportion (100% option exposure) is enough for hedging, but the strategy cannot be profitable in bearish regimes (only the risk and thus the loss is limited in the price of the put option). Conversely, if the strategy was playing with double option exposure, it could even make profit in hard times.

Chart 10 and Table 4 show the PV of the Put Option Insurance Strategy with Double Option Exposure and can be compared to the base Put Insurance Strategy (with 100% option exposure)(Table 2b again). It can be seen that since the start of backtest (2011), only in 2018 was more profitable the ‘double exposure’ version, thanks to the big correction in the second half of that year. Naturally, the situation would be different in bearish regimes. But, as it was mentioned above, the cost of options is about 2% (depends on the market volatility) per month, which is about 24% per year. If double exposure was used, this 24% would increase to almost 50% (!) per year. Of course, it can be profitable in deep bearish environment, but in this case a pure put option strategy would be more appropriate (without long QQQ part).

In our opinion, double exposure should not be used in case of either bull or bear markets.

Chart 10: PV of QQQ Put Insurance Strategy with Double Option Exposure
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Table 4: Performance indicators of QQQ Put Option Insurance Strategy with Double Option Exposure - (long stock + 200% long put option)
[image: ]

Table 2b: Performance indicators of QQQ Put Option Insurance Strategy - (long stock + long put option)
[image: ]


[bookmark: _74cyyy6tuybv]Extending QQQ Put Option Insurance Strategy with Bonds

As it was mentioned above, using 100% put option exposure can be a good hedge, but the strategy could not be profitable in bearish or sideways regimes. Double exposure is too expensive. The question may be how to hedge it more cost-effectively while making the strategy even profitable in bearish or sideways regimes. An obvious idea to overcome the big cost is using bond (e.g. TLT) as a portion of the hedge. TLT hedge is not perfectly correlated to QQQ, but the dividend yield and the appreciation can cover the QQQ Put costs partially.

At first, the beta of TLT has to be determined if we want to use it as a hedge. Chart 11a shows the scatter plot of 1 month percentage changes of QQQ and TLT. The linear regression equation can also be found in chart: QQQ%Change = -0.6064*TLT%Change + 0.0179. It means that the beta of QQQ compared to TLT is about -0.6 in the examined period (with R2=0.2073 r=-0.46), ie. 100% long QQQ stock can be hedged with 60% long TLT.

Risk prone investors may be interested in what would happen if we used a leveraged version of TLT. The most obvious choice would be the TMV, which is triple leveraged inverse ETF (TMV=-3*TLT). Chart 11b shows its scatter plot and equation. As it can be expected, the beta of QQQ compared to TMV is about 0.2 (one third of TLT’s beta), ie. 100% long QQQ stock can be hedged with -20% short TMV. Shorting TMV could be more dangerous (as the risk of shorting an ETF is unlimited), but we can benefit from the positive effects of volatility drag.

Chart 12 presents the 1 month rolling correlation of daily percentage changes of QQQ and TLT. Based on this chart it can be concluded that in bearish regimes the linear correlation is close to the above mentioned r=-0.46, which means that this beta=-0.6 could be optimal in these hard times. It is worth noting that in bullish times the correlation is positive, i.e. both the long QQQ part and the long TLT hedge part can generate profit at the same time (they move in the same direction). This is what put option cannot do.
Chart 11a: Linear regression: 1-month percentage change of QQQ and TLT
[image: ]
Chart 11b: Linear regression: 1-month percentage change of QQQ and TLT
[image: ]
Chart 12: 1-month rolling correlation - daily percentage change of QQQ and TLT
[image: ]

Based on these findings, someone might think it would be worth extending the Put Option Insurance Strategy with a bond hedge (long TLT or short TMV). 

This will be our new ‘Combined QQQ Insurance Strategy’:
100% long QQQ stock + 0.6*x% long TLT stock + (100-x)% long put option hedge 
(100% long QQQ stock + 0.2*y% long TLT stock + (100-y)% long put option hedge).

In order to determine the optimal value of x% (or y%), the performance indicators of this ‘Combined QQQ Insurance Strategy’ using different x% (or y%) can be found in Table 5a-b. In these tables, 0% means only put option part, while 100% means only bond part without put options. It can be concluded based on these figures that the ‘only bond hedge’ part (x% or y%=100%) has the best performance, without put options. But it has to be emphasized again that the examined period is mostly bullish without longer bear regimes or lot of corrections. Thus, omitting option part without further examinations is not recommended.

For further analysis, x%(=y%)=50% has been chosen. This choice does not seem over-optimised, most investors would probably choose this based on their intuitions.

Chart 13 shows portfolio value of this combined insurance strategy (both with long TLT and short TMV), while in Table 6a-b its performance indicators can be found (and can be compared to buy&hold QQQ and QQQ Put Option Insurance Strategy - Table 2a-b). Based on these tables it can be concluded that the CAGR of this ‘Combined QQQ Insurance Strategy’ (14.7%) is almost as high as in case of pure buy&hold QQQ strategy (15.71%) and higher than in case of Put Option Insurance Strategy (10.46%), while other indicators are significantly better (e.g. MDD: combined strategy: 17.86%; pure buy&hold: 23.16%; put insurance: 14.73%). Furthermore, there is not significant difference between using the strategy with long TLT or short TMV. It is worth noting that the leverage of this combined strategy is about 131% (100% long QQQ + 30% long TLT + ~1% cost of 50% put option).

Chart 14 also shows that the bond part does not perfectly hedge the long QQQ part, thus we recommend playing this strategy with x%=50%. Secondly, keeping some QQQ put part will fare very well when the market surely experiences its next -50% drawdown in the future. Those -50% market drawdown periods are missing from our backtest, but there is no doubt we will experience one of them in the following years.

Thus, our recommended ‘Combined QQQ Insurance Strategy’ is the following:
100% long QQQ stock + 30% long TLT stock + 50% long put option hedge.

It is worth noting that the long TLT part is also rebalanced monthly, when the options expire and are rebalanced.

In the next chapter, this combined insurance strategy will be investigated further using Monte-Carlo analysis.




Table 5a: Performance indicators of Combined QQQ Insurance Strategy - (long stock + long put option + long TLT)
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Table 5b: Performance indicators of Combined QQQ Insurance Strategy - (long stock + long put option + short TMV)
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Chart 13: PV of different strategies
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Table 6a: Performance indicators of Combined QQQ Insurance Strategy - 50% long put option + 30% long TLT
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Table 6b: Performance indicators of Combined QQQ Insurance Strategy - 50% long put option + 10% short TMV
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Table 2a: Performance indicators of Buy&Hold QQQ
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Table 2b: Performance indicators of QQQ Put Option Insurance Strategy - (long stock + long put option)
[image: ]

Chart 14:  1-month percentage change of QQQ  vs. Profit of Combined Insurance Strategy and its sub-strategies
[image: ]

[bookmark: _gx8rd4m6m6js]Performance Analysis using Monte-Carlo Simulations

[bookmark: _h1mbtkdlhqot]Methodology

As it has been mentioned several times already in the study, the examined period (2011-2019) was mostly bullish, when the real positive effect of insurance is less perceptible. In order to learn how the strategy would behave in difficult times (i.e. in long bearish regimes), we ran Monte-Carlo simulation. 

During the simulation, the following daily closing prices were synthesized with the given parameters:
· QQQ stock (average daily return: +0.0609%, daily SD: 1.3227% ー based on data from 2002 to 2019);
· QQQ option (using Black-Scholes-Merton equation, where IV was estimated with 1.2*HV20, which is an overestimated value for safety based on historical data);
· TLT stock (avg daily return: +0.03%, daily SD: 0.8388%, correlation to QQQ: -0.369 ー 2002-2019).

30,000 synthesized 1 year long (252 trading day) daily return path were created for each stocks. Using these daily returns, the following strategies have been backtested with monthly rebalance:
· Long QQQ without hedges (i.e. pure buy&hold QQQ) ー 100% leverage ー ‘Pure QQQ’ ;
· Long QQQ + 100% Put Option (aka ‘QQQ Put Option Insurance Strategy’) ー ~102% leverage on average ー ‘Put hedge’;
· Long QQQ + 60% Long TLT (60% hedge is used based on above results) ー 160% leverage on average ー ‘Bond hedge’;
· Long QQQ + 50% Put Option + 30% Long TLT (that is, the newly introduced ‘Combined QQQ Insurance Strategy’) ー ~131% leverage on average ー ‘Combined’.

[bookmark: _5x8p4zf2dnwu][image: ]
[bookmark: _np54v1di1mrf]
Results

All Cases

At first, let us look at the results of all the 30,000 simulations in one. Chart 15a-d show the density of CAGRs, Sharpe ratios, MAR ratios[footnoteRef:5] and maximum drawdowns (using kernel density estimation). In addition, Table 7 contains performance indicators of the examined strategies. [5:  It is worth noting that negative Sharpe ratio or MAR ratio does not convey any useful meaning. In fact, between two negative Sharpe (or MAR) ratio, usually the more negative SR (e.g. same negative return but lower volatility) or MAR (e.g. same negative return but lower MDD) means even better (but negative) performance.] 


Based on these charts and table, It can be concluded that using all of the simulated cases: 
· the ‘Bond hedge’ strategy has the highest CAGR, Sharpe ratio and MAR ratio on average ー but has 160% leverage and its MDD is not significantly better than in case of ‘Pure QQQ’ (and significantly worse than in case of ‘Put hedge’ and ‘Combined’ strategies);
· the ‘Put hedge’ strategy has the worst CAGR, Sharpe ratio and MAR ratio, while its maximum drawdown is not significantly better than in case of ‘Combined’ strategy;
· both ‘Bond hedge’ and ‘Combined’ strategies seem better than the ‘Pure QQQ’ strategy in every way;
· it is hard to decide between ‘Bond hedge’ and ‘Combined’ strategies. 

However, it would be interesting to see how the strategies would perform in different regimes. What is the cost of the insurance when we are in a bullish regime? Or how much loss can we avoid using insurance in really bad times?

In the following subsections, the 30,000 simulations are split into 9 groups based on the CAGRs (with almost the same number of elements). In addition, these groups are split into 7-7 subgroups based on the maximum drawdowns. In those cases, where there are not at least 100 simulated data (e.g. CAGR is between -20% and -10%, while MDD is between 10% and 12.5%), the results are not shown.
Chart 15a:  Density of CAGRs - All simulations
[image: ]

Chart 15b:  Density of Sharpe Ratios - All simulations
[image: ]


Chart 15c:  Density of MAR Ratios - All simulations
[image: ]


Chart 15d:  Density of Maximum Drawdowns - All simulations
[image: ]


Table 7: Performance indicators of different strategies - all data
[image: ]


Table 8 contains yearly percentage changes (CAGR) and maximum drawdowns of QQQ from 1999-03-10 to 2019-11-25. It can be seen that the figures vary on a very wide scale. Thus, it is worth examining all the following cases as possible realistic outcomes (based on the past 20 years of QQQ).


Table 8: Yearly CAGR and MDD of QQQ - 1999-2019
[image: ]

QQQ Yearly Change: -55% - -20%

The first examined group is an extreme bearish case: the yearly percentage change of QQQ is between -55% and -20%. Although it really seems extreme, there were 4 such years from 1999: 2000, 2001, 2002 and 2008 (see Table 8 above). In other words, almost 20% of years are belonged to this group in recent decades. 

Chart 16a-d show the density of CAGRs, Sharpe ratios, MAR ratios and maximum drawdowns of the four examined strategies, while Table 9a contains some performance indicators broken down by MDD (in this case, only one MDD subgroup has enough simulated data). It has to be emphasized again that comparing negative Sharpe- and MAR ratios is  meaningless, thus investors have to pay attention to CAGR and MDD charts.

Chart 17a-d and Table 10a contain almost the same information, but not the pure CAGR, Sharpe ratio etc. figures but the differences compared to ‘Pure QQQ’. These differences could give more accurate picture when comparing strategies.

As it was expected, ‘Put hedge’ strategy has the best performance, it can almost perfectly hedge (with even positive profit) the huge loss of QQQ stock. However, the performance of the ‘Combined’ strategy is also remarkable. Nevertheless, the ‘Bond hedge’ strategy cannot help us by much in these really hard times because its not perfect correlation.

In this case (which is maybe the most important for a risk averse investor), our strategy rank in this first case is the following: 
‘Put hedge’ > ‘Combined’ >> ‘Bond hedge’ >>> ‘Pure QQQ’.

Chart 16a:  Density of CAGRs - QQQ Yearly Change: -55% - -20%
[image: ]


Chart 16b:  Density of Sharpe Ratios - QQQ Yearly Change: -55% - -20%
[image: ]
Chart 16c:  Density of MAR Ratios - QQQ Yearly Change: -55% - -20%
[image: ]


Chart 16d:  Density of Maximum Drawdowns - QQQ Yearly Change: -55% - -20%
[image: ]

Table 8a: Years when QQQ Yearly Change: -55% - -20% ー 1999-2019
[image: ]


Table 9a: Performance indicators of different strategies - QQQ Yearly Change: -55% - -20%
[image: ]

Chart 17a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -55% - -20%
[image: ]

Chart 17b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -55% - -20%
[image: ]


Chart 17c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -55% - -20%
[image: ]
Chart 17d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -55% - -20%
[image: ]
Table 10a: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -55% - -20%
[image: ]

QQQ Yearly Change: -20% - -10%

The second examined group is also a bearish case: the yearly percentage change of QQQ is between -20% and -10%. Interesting, but it has not been such a year since 1999 (Table 8).

Chart 18a-d, Table 9b, Chart 19a-d and Table 10b show the density of performance indicators again. In this case, there are 3 subgroups based on the maximum drawdowns of ‘Pure QQQ’. As the mean and median of CAGRs are still negative, Sharpe ratios and MAR ratios are not decisive.

In this case, there is not a clear winner, but because we are risk averse and QQQ lost at least 10%, our strategy rank in this second case is the following: 
‘Combined’ > ‘Put hedge’ > ‘Bond hedge’ >>> ‘Pure QQQ’.

Chart 18a:  Density of CAGRs - QQQ Yearly Change: -20% - -10%
[image: ]


Chart 18b:  Density of Sharpe Ratios - QQQ Yearly Change: -20% - -10%
[image: ]

Chart 18c:  Density of MAR Ratios - QQQ Yearly Change: -20% - -10%
[image: ]


Chart 18d:  Density of Maximum Drawdowns - QQQ Yearly Change: -20% - -10%
[image: ]

Table 9b: Performance indicators of different strategies - QQQ Yearly Change: -20% - -10%
[image: ]




Chart 19a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -20% - -10%
[image: ]

Chart 19b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -20% - -10%
[image: ]


Chart 19c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -20% - -10%
[image: ]

Chart 19d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -20% - -10%
[image: ]


Table 10b: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -20% - -10%
[image: ]

QQQ Yearly Change: -10% - 0%

The third examined group is a slightly bearish case: the yearly percentage change of QQQ is between -10% and 0%. Only 2018 was such a year from 1999, so it seems a rare (~5%) case (Table 8). 

Chart 20a-d, Table 9c, Chart 21a-d and Table 10c show the density of performance indicators again. In this case, there are 5 subgroups based on the maximum drawdowns of ‘Pure QQQ’.

In this case, there is not a clear winner again. There are lots of instances here when both QQQ and TLT go negative (thus both part of ‘Bond hedge’ suffer losses), but in more than half of the cases the gain of long TLT part overperform the loss of long QQQ part. As the yearly change of QQQ is negative, ‘Put hedge’ part is still slightly better than ‘Pure QQQ’ (especially when MDD is high). In our opinion, the risk-reward profile of ‘Bond hedge’ and ‘Combined’ strategies are almost the same. Thus, our strategy rank in this third case is the following: 
‘Combined’ ~ ‘Bond hedge’ >> ‘Put hedge’ > ‘Pure QQQ’.


Chart 20a:  Density of CAGRs - QQQ Yearly Change: -10% - 0%
[image: ]


Chart 20b:  Density of Sharpe Ratios - QQQ Yearly Change: -10% - 0%
[image: ]

Chart 20c:  Density of MAR Ratios - QQQ Yearly Change: -10% - 0%
[image: ]


Chart 20d:  Density of Maximum Drawdowns - QQQ Yearly Change: -10% - 0%
[image: ]

Table 8c: Years when QQQ Yearly Change: -10% - 0% ー 1999-2019
[image: ]


Table 9c: Performance indicators of different strategies - QQQ Yearly Change: -10% - 0%
[image: ]



Chart 21a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -10% - 0%
[image: ]


Chart 21b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -10% - 0%
[image: ]



Chart 21c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -10% - 0%
[image: ]

Chart 21d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -10% - 0%
[image: ]


Table 10c: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: -10% - 0%
[image: ]

QQQ Yearly Change: 0% - +10%

The fourth examined group is a slightly bullish (or sideways) case: the yearly percentage change of QQQ is between 0% and +10%. 2005, 2006, 2011, 2015 and 2016 were such years from 1999, i.e. almost 25% of years (Table 8). 

Chart 22a-d, Table 9d, Chart 23a-d and Table 10d show the density of performance indicators again. In this case, there are 6 subgroups based on the maximum drawdowns of ‘Pure QQQ’. Sharpe ratios and MAR ratios are mostly positive, thus they density shape can be used to compare strategies.

It can be clearly seen that the put option part (‘Put hedge’ and in ‘Combined) is not profitable in this sideways/slightly bullish case, except when there are bearish periods during the simulated period (a year), i.e. when maximum drawdown is significant. That is, neither ‘Bond hedge’ nor ‘Combined’ strategy can be called an undoubtedly better choice. Thus, our strategy rank in this fourth case is the following: 
‘Combined’ ~ ‘Bond hedge’ >> ‘Put hedge’ ~ ‘Pure QQQ’.

It is worth noting that the maximum drawdowns in the above mentioned 5 years were not too high, thus the strategies without put option part would have performed better in those years.


Chart 22a:  Density of CAGRs - QQQ Yearly Change: 0% - +10%
[image: ]


Chart 22b:  Density of Sharpe Ratios - QQQ Yearly Change: 0% - +10%
[image: ]

Chart 22c:  Density of MAR Ratios - QQQ Yearly Change: 0% - +10%
[image: ]


Chart 22d:  Density of Maximum Drawdowns - QQQ Yearly Change: 0% - +10%
[image: ]




Table 8d: Years when QQQ Yearly Change: 0% - +10% ー 1999-2019
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Table 9d: Performance indicators of different strategies - QQQ Yearly Change: 0% - +10%
[image: ]





Chart 23a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: 0% - +10%
[image: ]

Chart 23b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: 0% - +10%
[image: ]



Chart 23c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: 0% - +10%
[image: ]

Chart 23d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: 0% - +10%
[image: ]



Table 10d: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: 0% - +10%
[image: ]


QQQ Yearly Change: +10% - +20%

The fifth examined group is a moderately bullish case: the yearly percentage change of QQQ is between 10% and +20%. 2004, 2007, 2012 and 2014 were such years from 1999, i.e. almost 20% of years (Table 8). 

Chart 24a-d, Table 9e, Chart 25a-d and Table 10e show the density of performance indicators again. In this case, there are 7 subgroups based on the maximum drawdowns of ‘Pure QQQ’. 

From now, the put option part is even more lossy, except the extreme cases when QQQ has an at least 25% drawdown during the year, but finishes above +10%. In this fifth case, the ‘Bond hedge’ strategy is definitely the best choice, while ‘Combined’ still has a slightly better risk-reward profile than ‘Pure QQQ’. Thus, our strategy rank in this fifth case is the following: 
‘Bond hedge’ > ‘Combined’ ~ ‘Pure QQQ’ >> ‘Put hedge’.


Chart 24a:  Density of CAGRs - QQQ Yearly Change: +10% - +20%
[image: ]


Chart 24b:  Density of Sharpe Ratios - QQQ Yearly Change: +10% - +20%
[image: ]

Chart 24c:  Density of MAR Ratios - QQQ Yearly Change: +10% - +20%
[image: ]


Chart 24d:  Density of Maximum Drawdowns - QQQ Yearly Change: +10% - +20%
[image: ]
Table 8e: Years when QQQ Yearly Change: +10% - +20% ー 1999-2019
[image: ]
Table 9e: Performance indicators of different strategies - QQQ Yearly Change: +10% - +20%
[image: ]

Chart 25a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +10% - +20%
[image: ]

Chart 25b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +10% - +20%
[image: ]


Chart 25c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +10% - +20%
[image: ]

Chart 25d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +10% - +20%
[image: ]


Table 10e: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +10% - +20%
[image: ]

QQQ Yearly Change: +20% - +30%

The sixth examined group is a significantly bullish case: the yearly percentage change of QQQ is between 20% and +30%. Only 2010 was such a year from 1999 (~5%) (Table 8). 

Chart 26a-d, Table 9f, Chart 27a-d and Table 10f show the density of performance indicators again. In this case, there are 6 subgroups based on the maximum drawdowns of ‘Pure QQQ’. 

Our findings in this case are the same as in the previous subsection: ‘Bond hedge’ would be the best choice, while the risk-reward profile of ‘Pure QQQ’ and ‘Combined’ strategies are almost identical. Thus, our strategy rank in this sixth case is the following: 
‘Bond hedge’ > ‘Combined’ ~ ‘Pure QQQ’ >> ‘Put hedge’.

In this case, let's look at what these numbers really mean. CAGR of ‘Pure QQQ’ is about 25% on average. If MDD is quite low, the cost of put options (they expire worthless) in ‘Put hedge’ strategy erodes almost all of the profits: CAGR of ‘Put hedge’ is about -15 – -18% lower (i.e. only about 7–10% profit remains) than the +25% of ‘Pure QQQ’. In contrast, if MDD is high enough, the profit erosion of put options is only about -4.5 – -7%, while it decreases MDD with 8–10% (i.e. halves it). In ‘Bond hedge’ strategy, the 60% long TLT part gives about +4% CAGR to the long QQQ part on average, regardless of the MDD of QQQ. Furthermore, the MDD profile of ‘Bond hedge’ strategy is slightly better than in case of ‘Pure QQQ’. The ‘Combined’ strategy combine the advantages of put options and long bonds also in this case: the cost of insurance (i.e. CAGR erosion) is only about -5 – -7% in case of low QQQ MDD, while almost zero in case of high MDD with nearly halved MDD.


Chart 26a:  Density of CAGRs - QQQ Yearly Change: +20% - +30%
[image: ]


Chart 26b:  Density of Sharpe Ratios - QQQ Yearly Change: +20% - +30%
[image: ]

Chart 26c:  Density of MAR Ratios - QQQ Yearly Change: +20% - +30%
[image: ]


Chart 26d:  Density of Maximum Drawdowns - QQQ Yearly Change: +20% - +30%
[image: ]

Table 8f: Years when QQQ Yearly Change: +20% - +30% ー 1999-2019
[image: ]

Table 9f: Performance indicators of different strategies - QQQ Yearly Change: +20% - +30%
[image: ]

Chart 27a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +20% - +30%
[image: ]

Chart 27b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +20% - +30%
[image: ]


Chart 27c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +20% - +30%
[image: ]

Chart 27d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +20% - +30%
[image: ]


Table 10f: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +20% - +30%
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QQQ Yearly Change: +30% - +40%

The seventh examined group is a considerably bullish case: the yearly percentage change of QQQ is between 30% and +40%. 2013, 2017 and 2019 (until the end of November) were such years from 1999, which is almost 15% of years (Table 8). 

Chart 28a-d, Table 9g, Chart 29a-d and Table 10g show the density of performance indicators again. In this case, there are 6 subgroups based on the maximum drawdowns of ‘Pure QQQ’. 

Now, our conclusion did not change: long TLT usually can increase profitability even in considerably bullish QQQ case, which makes ‘Bond hedge’ attractive again. ‘Combined’ strategy is suffering from the put option part (lower CAGR), but has slightly lower volatility (higher Sharpe ratio) and maximum drawdown (higher MAR ratio) than ‘Pure QQQ’. Thus, our strategy rank in this seventh case is the following: 
‘Bond hedge’ > ‘Combined’ ~ ‘Pure QQQ’ >> ‘Put hedge’.


Chart 28a:  Density of CAGRs - QQQ Yearly Change: +30% - +40%
[image: ]


Chart 28b:  Density of Sharpe Ratios - QQQ Yearly Change: +30% - +40%
[image: ]

Chart 28c:  Density of MAR Ratios - QQQ Yearly Change: +30% - +40%
[image: ]


Chart 28d:  Density of Maximum Drawdowns - QQQ Yearly Change: +30% - +40%
[image: ]
Table 8g: Years when QQQ Yearly Change: +30% - +40% ー 1999-2019
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Table 9g: Performance indicators of different strategies - QQQ Yearly Change: +30% - +40%
[image: ]

Chart 29a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +30% - +40%
[image: ]

Chart 29b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +30% - +40%
[image: ]


Chart 29c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +30% - +40%
[image: ]

Chart 29d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +30% - +40%
[image: ]


Table 10g: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +30% - +40%
[image: ]

QQQ Yearly Change: +40% - +60%

The eighth examined group is an extremely bullish case: the yearly percentage change of QQQ is between 40% and +60%. 2003 and 2009 were such years from 1999, which is almost 10% of years (Table 8). 

Chart 30a-d, Table 9h, Chart 31a-d and Table 10h show the density of performance indicators again. In this case, there are 5 subgroups based on the maximum drawdowns of ‘Pure QQQ’. 

As it can be expected, any (almost perfect) insurance in such extremely bullish case cannot be successful. However, the long TLT part can slightly increase profitability on average, because of the imperfect correlation.  Thus, our strategy rank in this eighth case is the following: 
‘Bond hedge’ > ‘Pure QQQ’ > ‘Combined’ >> ‘Put hedge’.


Chart 30a:  Density of CAGRs - QQQ Yearly Change: +40% - +60%
[image: ]


Chart 30b:  Density of Sharpe Ratios - QQQ Yearly Change: +40% - +60%
[image: ]

Chart 30c:  Density of MAR Ratios - QQQ Yearly Change: +40% - +60%
[image: ]


Chart 30d:  Density of Maximum Drawdowns - QQQ Yearly Change: +40% - +60%
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Table 8h: Years when QQQ Yearly Change: +40% - +60% ー 1999-2019
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Table 9h: Performance indicators of different strategies - QQQ Yearly Change: +40% - +60%
[image: ]


Chart 31a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +40% - +60%
[image: ]

Chart 31b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +40% - +60%
[image: ]


Chart 31c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +40% - +60%
[image: ]

Chart 31d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +40% - +60%
[image: ]


Table 10h: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +40% - +60%
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QQQ Yearly Change: +60% - +160%

The ninth examined group is an exceptionally bullish case: the yearly percentage change of QQQ is between 60% and +160%. Only 1999 was such a year from 1999 (5%) (Table 8). 

Chart 32a-d, Table 9i, Chart 33a-d and Table 10i show the density of performance indicators again. In this case, there are 3 subgroups based on the maximum drawdowns of ‘Pure QQQ’. 

In our opinion, ‘Pure QQQ’ is the best choice in this case, but we would also be very pleased with the ‘only’ +50% profit of ‘Put hedge’ strategy in real life. 😃 Thus, our strategy rank in this ninth case is the following: 
‘Pure QQQ’ > ‘Bond hedge’ > ‘Combined’ >> ‘Put hedge’.


Chart 32a:  Density of CAGRs - QQQ Yearly Change: +60% - +160%
[image: ]


Chart 32b:  Density of Sharpe Ratios - QQQ Yearly Change: +60% - +160%
[image: ]

Chart 32c:  Density of MAR Ratios - QQQ Yearly Change: +60% - +160%
[image: ]


Chart 32d:  Density of Maximum Drawdowns - QQQ Yearly Change: +60% - +160%
[image: ]

Table 8i: Years when QQQ Yearly Change: +60% - +160% ー 1999-2019
[image: ]

Table 9i: Performance indicators of different strategies - QQQ Yearly Change: +60% - +160%

[image: ]



Chart 33a:  Density of Differences in CAGRs - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +60% - +160%
[image: ]

Chart 33b:  Density of Differences in Sharpe Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +60% - +160%
[image: ]


Chart 33c:  Density of Differences in MAR Ratios - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +60% - +160%
[image: ]

Chart 33d:  Density of Differences in Maximum Drawdowns - Compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +60% - +160%
[image: ]


Table 10i: Performance indicators of differences compared to B&H QQQ w/o Hedges - QQQ Yearly Change: +60% - +160%

[image: ]

[bookmark: _2z8el0elzobm]Summary of Simulation

In this section, the results of a Monte-Carlo simulation was presented and analysed. The 30,000 simulated cases were split into 9 groups by the CAGR of buy&hold QQQ and all of the groups into 7 sub-groups by maximum drawdown. The examined strategies were:
· ‘Pure QQQ’: 100% long QQQ;
· ‘Put hedge’: 100% long QQQ + 100% long put option;
· ‘Bond hedge’: 100% long QQQ + 60% long TLT;
· ‘Combined’: 100% long QQQ + 50% long put option + 30% long TLT.


Table 11 contains our strategy rank in each cases and the frequency of these cases in real life from 2019. Table 12a-b and Table 13a-b show the arithmetic mean of performance indicators by sub-groups in one table to be easily comparable.

We found that although the ‘Put hedge’ strategy performs well in extremely bearish cases, it costs too much in other cases and can erode almost all of the profit of long QQQ. In contrast, ‘Bond hedge’ strategy can improve the profitability of QQQ both in bearish and bullish regimes, but cannot hedge its losses perfectly. However, combining them could be a good idea both for risk averse and risk prone investors. 


Based on these findings, our recommendation is playing the ‘Combined QQQ Insurance Strategy’:
100% long QQQ stock + 30% long TLT stock + 50% long put option hedge.

Table 11: Strategy Rank by CAGR of B&H QQQ
[image: ]



Table 12a: Arithmetic Mean of Performance Indicators of Different Strategies - by CAGR and MDD of Buy&Hold QQQ 

[image: ]

Table 12b: Arithmetic Mean of Performance Indicators of Different Strategies - by CAGR and MDD of Buy&Hold QQQ
 
[image: ]

Table 13a: Arithmetic Mean of Differences of Performance Indicators - Compared to B&H QQQ - by CAGR and MDD of Buy&Hold QQQ 
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Table 13b: Arithmetic Mean of Differences of Performance Indicators - Compared to B&H QQQ - by CAGR and MDD of Buy&Hold QQQ 
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[bookmark: _j9rr8wj8s6kk]

[bookmark: _853zpfgwfbqd]Conclusions

In this study, we have tried digging deeper into our ‘QQQ Put Option Insurance Strategy’.

At first, it was presented how the strategy would have performed from 2011 until the first half of 2019 using real option and stock prices. It was clearly visible that although the insurance strategy has lower CAGR than the pure buy&hold strategy, it has slightly better Sharpe- and MAR-ratio and lower maximum drawdown. It is worth emphasizing that the backtested period was mostly bullish, when generally insurance strategies cannot perform well.

Secondly, we examined what extent the success of this put option insurance strategy depends on market volatility. We have seen that options are more expensive to buy when volatility is high, but profitability of the insurance strategy does not depend on the historical volatility at the moment of buying options. However, higher volatility during the life of the option (i.e. historical volatility at sell) has significantly negative relationship with the profitability of the whole strategy.

After that, the effect of QQQ price change in the month before buying option has been analyzed. We have found that it does not affect the profitability of the whole strategy in any way. It means that the put insurance strategy should be played both in bearish and bullish regimes.

In the next subsection the distribution of monthly profits has been shown. Although the put option part - which profits only in scary bear periods - is profitable only in 20.83% of months (and in 73.47% totally loser - goes to $0), the pure buy&hold QQQ can lose even -13.5% in these months. In contrast, the maximal loss of put option part is limited (~-4%). In other words, the bull-preferring buy&hold QQQ is profitable in about 70% of months in the backtested period, but has some big losses. Meanwhile, put options are naturally loss-makers in bullish and sideways regimes. It is more important that the combined long QQQ + put insurance strategy (Total) was profitable in 52.08% of time with almost 1% monthly profit on average and has limited risk.

Afterwards the possibility of using double option exposure has been checked (because the 100% put option part can only protect the long QQQ part from significant losses, it cannot generate profit). Based on the results of this subsection we found that double exposure should not be used in case of either bull or bear markets.

Our next idea was extending our ‘QQQ Put Option Insurance Strategy’ with bonds. It has been concluded that although bonds (long TLT or short TMV) cannot perfectly hedge the risk exposure of long QQQ, it may be a promising additional hedge, which is even able to generate profit in both bullish and bearish times. Based on our examinations, our recommended ‘Combined QQQ Insurance Strategy’ with monthly rebalancing is the following:
100% long QQQ stock + 30% long TLT stock + 50% long put option hedge.
This strategy can be profitable in any market environment with unlimited profit potential and almost limited risk. The leverage of this strategy is about 131% (100%+30%+~1%). If 3x leveraged ETFs (TMF, TMV) are used instead of TLT, the 30% TLT part only takes up 10% of the PV capital.

As a last step, we checked with Monte-Carlo simulations (30,000 simulations were run) how this strategy would behave in different market environments: in bullish periods, in case of sideways market and in really difficult times (i.e. in long bearish regimes). We found that although the ‘Put hedge’ strategy (aka ‘QQQ Put Option Insurance Strategy’) performs well in extremely bearish cases, it costs too much in other cases[footnoteRef:6] and can erode almost all of the profit of long QQQ. In contrast, ‘Bond hedge’ (100% long QQQ + 60% long TLT) strategy can improve the profitability of QQQ both in bearish and bullish regimes, but cannot hedge its losses perfectly. However, combining them could be a good idea both for risk averse and risk prone investors. Thus, using our newly developed ‘Combined QQQ Insurance Strategy’ in any market environment is highly recommended. [6:  An interesting article in this topic: ‘The True Cost Of Hedging S&P Downside’ by Adam Collins] 
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