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Abstract: Undiversifiable (or systematic risk) has long been an enemy of investors. Many 

countercyclical strategies have been developed to counter this. However, like all insurance 

types, these strategies are generally costly to implement, and over time can significantly 

reduce portfolio returns in long and extended bull markets. In this paper, we discuss  

an alternative technique, founded on the premise of physiological bias and risk-aversion. 

We take a behavioral discussion in order to contextualize the insurance like characteristics 

of option pricing and discuss how this can lead to a mispricing of the asymmetric 

relationship between the VIX and the S&P 500. To test this, we perform studies in which 

we find statistical inefficiencies, thereby making it possible to implement a method of 

hedging index option premium in a way that has displayed no monthly drawdowns in 

bullish periods, while still providing large returns in major sell-offs. The three versions of 

the strategy discussed have negative betas to the S&P 500, while exhibiting similar  

risk-adjusted excess returns over both bull and bear markets. Further, the performance 

generated over the entire period, for all three strategies, is highly statistically significant. 

The results challenge the weak form of the Efficient Market Hypothesis and provide 

evidence that the methods of hedging could be a valuable addition to an equity rich 

portfolio for the purpose of counteracting systematic risk. 

Keywords: volatility asymmetry; trading strategies; market inefficiency 

JEL Classification: G01, G02, G11, G14 
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1. Preface 

At the time of writing (Q1, 2015), interest rates are near record lows and “all major economies have 

higher levels of borrowing, relative to GDP, than they did in 2007” [1]. The authors argue that an 

alternative investment approach, such as the one presented in the paper, may be particularly attractive 

if the market turns out to have too much debt; which may force market participants into protective (but 

costly) hedging. This paper explores a proactive approach to this problem that has shown evidence of 

working well in the past. The results, applicability and considerations are set in light of a behavioral 

finance approach, leading to discussions that are intended to help market practitioners make more 

informed decisions in the context of counteracting systematic risk. 

Note: The original study was performed in late 2014, a follow up “out of sample” study has now  

been performed, showing continued performance against systematic risk. This section is included after 

the conclusion. 

2. Introduction 

Recent developments in the behavioral sciences have shown that losses create a negative 

physiological impact of approximately double the magnitude of the positive impact we would 

experience from an equal gain. This finding showed that we are inherently loss averse and is in essence 

the basis of Tversky and Kahnemans Prospect Theory. As the options market is fairly new, and still 

developing in terms of various pricing models, we thought it would be interesting to test whether the 

predictable loss aversion preference is evident and accurately priced into the market. In this article, we 

set out to achieve this through the empirical study of three strategies, all of which take positions in put 

options on the S&P 500 ETF (ticker: SPY) hedged against call options in the VIX, or VXX (which is a 

ETN that closely follows the movement of the VIX, as it holds positions in front and back month  

VIX futures). 

The VIX (commonly referred to as the fear index) and the S&P 500 are known to have a strong 

inverse relationship. However, what makes this relationship interesting is that the VIX derives its price 

from the options on the S&P 500, which is something that gives these two products a fundamental link. 

The VIX is calculated by the CBOE in such a way to give a forecast of the coming 30-day volatility in 

the S&P 500. As options are well known for their “insurance like” characteristics, the level of the VIX 

can be seen as a measure of the cost to insure the S&P 500 at a given point in time. There are two main 

aspects of this relationship that make for an interesting study. First, given its common name of “the 

fear index”, is this relationship susceptible to loss aversion? Second, if loss aversion does influence the 

interpretation of the relationship, do prior gains or losses frame the choice set and lead to a  

miss-pricing of risk? To put this in context, one of the corner stone principles of Neoclassical 

Economics and the assumptions made in the Efficient Market Hypothesis are that market participants 

are rational. If this were indeed the case, the pricing of the relationship would not be predictably 

affected by loss aversion in such a way that one could beat the benchmark by trying to take advantage 

of it, as the risk would be accurately priced into the market. This would support a null hypothesis  

that no significant risk-adjusted excess returns could be generated by specifically trying to exploit  

this relationship. 
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As an alternative to this, we put forth that: (1) loss aversion is likely to drive the VIX to spike more 

than it “rationally” should during a market crash, as it causes market participants to evaluate the 

probability and weight of future outcomes incorrectly, which increase the demand for insurance (put 

options); and, (2) prior to such an event occurring, positive market developments may frame the 

choices and lead to market participants underestimating the likelihood and psychological impact of an 

extreme event. Such a case would likely lead to an underpricing of VIX and VXX out-of-the-money 

call options relative to out-of-the-money SPY put options. 

This study examines whether this alternative hypothesis can be substantiated, and if so, understand 

whether such strategies can be used to combat systematic risk on a month-to-month basis. 

3. Literature Review 

As examined by a multitude of scholars [2–7], the demand for increased protection during market 

declines results in an asymmetric relationship between implied volatility and the underlying price—a 

phenomenon known as volatility asymmetry. We find that despite this relationship being well 

documented, option prices on the S&P 500 and the VIX have inadequately reflected these dynamics, 

even after similar observations were previously noted [7] 1. This has given rise to the strategies 

discussed in this paper, all of which have functioned as an effective counter to systematic risk. 

As can be seen below in Figure 1, the VIX has a tendency to rise and fall with a disproportionate 

magnitude to that of the market, even before the 2008 crisis. 

Figure 1. Bimonthly Asymmetric Relationship—Spot VIX to S&P 500 (1993–2006). This 

chart shows the asymmetric relationship of the VIX and S&P 500 (1993–2006) prior to the 

study period of the strategies dealt with in this paper (2006–2014). The reason for 

visualizing this particular time period is to show that this asymmetric relationship was 

present before VIX futures, or VIX options, were available for trading—thereby implying 

that it should be priced into the subsequent VIX derivatives to the extent where consistent 

significant risk-adjusted excess returns are impossible to achieve by specifically trying to 

take advantage of it. The pricing of this subsequent relationship is central to this paper. 

Sources: CRSP and CBOE. 

                                                 
1 Szado [7] noted that the extra leverage provided by deep OTM VIX calls resulted in greater return benefits than 

SPX/SPY puts in market declines. 
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Furthermore, it is common knowledge that option prices are largely dependent on perceived 

probabilities and demand for certainty, and thus can be used as a form of insurance. We argue that is in 

line with the work of Jackwerth [6] who, in his paper on recovering risk aversion, notes that a 

relationship exists between the aggregate risk-neutral probability, the subjective probability 

distributions and the risk aversion functions across wealth. Based on these factors an equation was 

formulated, which we have tailored into the notation below: ܲ = ௦ܲ ∙ ܴ (1)

where P is risk-neutral probability; ௦ܲ is subjective probability; and R is risk aversion adjustment. 

Jackwerth [6] explained that the risk neutral probability (P) is the price that the investor would pay 

to receive one dollar, taking into account the risk free rate of return at a specified point in time. The 

subjective probability ( ௦ܲ) is the investor’s biased evaluation of likelihood of occurrence, and the risk 

aversion adjustment (R) relates directly to the individual risk profile of the investor. Further, he noted 

the differences in the risk-neutral distributions before and after the crash in 1987. Finding that implied 

risk aversion functions were dramatically altered to an extent where investors were exhibiting greater 

risk aversion after this crash. In Figure 1, we see a similar dynamic risk averse pattern emerge in the 

form of the demand for protection in market declines. This is reflected by an almost twofold increase 

in implied volatility (VIX) in market declines vs. the decrease in market inclines. What we put forth is 

that P has a large effect on option pricing due to, (1) the reliance on variables that are highly dependent 

on the subjective interpretation of the relative frequency of past events; (2) their projection as a 

predictor of future probabilities; and (3) the degree of loss aversion that the investor is displaying. If 

we examine the variables that comprise this risk-neutral probability ( ௦ܲ ∙ ܴ), it becomes apparent that 

their interplay (when determining the risk-neutral probability in changing market environments) can 

bring about interpretational biases specifically with regards to the pricing of risks. Further, it was noted 

that initial losses tend to increase the temerity with which we can say that people become increasingly 

risk-averse [8], which reflects the relationship we see between volatility and the market. We argue that 

this could become even more apparent in economies of high leverage, due to a forced demand of 

protective hedging in order to meet debt obligations, which is especially likely if sell-offs threaten the 

livelihoods of investors. This is in line with Shiller’s thoughts from his book Irrational Exuberance, in 

which he states, “More and more electronic markets are being created every year, trading a wider and 

wider range of risks, and more and more people, in both advanced and emerging countries, are being 

drawn in to participate in these markets. People will increasingly fear that their livelihoods really 

depend on their wealth, wealth that is highly unstable because of market changes. People increasingly 

believe that they must defend their private property and doubt that they can depend on social 

institutions if things turn out badly” [9]. 

The Shiller P/E (CAPE) ratio, at the time of writing, is at 2007 levels (27,67) [10] and high global 

economic leverage has been documented by the McKinsey Global Institute [1]. Given these measures, 

it is perhaps a reasonable concern that any correction of valuations may result in an amplified  

risk-aversion adjustment. Therefore, we consider it an appropriate time to discuss alternative techniques 

that are likely to benefit from such conditions. 

The strategies subsequently evaluated and discussed, have delivered small but consistent total 

returns during bullish conditions, and significantly greater returns in large market wide sell-offs. The 
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core hedge principles of the strategies are built around the asymmetrical relationship between the  

S&P 500 and the VIX. We show that these strategies have been consistently profitable through a range 

of market conditions, arguably due to the failure of the market participants to accurately price in this 

asymmetric relationship. The strategies function as a means to achieve statistical arbitrage from the 

market’s relationship with its implied volatility, and therefore termed Volatility Beta-Arbitrage. All 

positions are constructed exclusively from contract options on the underlying assets: SPY, VIX and 

VXX. All three of the evaluated versions of the strategy exhibit risk-adjusted excess returns that are 

robust over varying market conditions and are highly statistically significant. 

4. Strategy Methodology 

Three separate strategies with different properties were tested, we refer to each of them by the 

notations below: 

VBA (NH): Volatility Beta-Arbitrage—Normal Hedge strategy (using VIX options for hedging  

index premium). 

VBA (TH): Volatility Beta-Arbitrage—Tail Hedge strategy (using VIX options, but with 

adjustments to VBA (NH) strike parameters). 

VBA (NHTL): Volatility Beta-Arbitrage—Normal Hedge, Triple Leverage strategy (using VXX 

options. The strike selection is based on the same parameters as VBA (NH), but performance is 

calculated with one third of the margin allocation). 

As a means of reducing errors, option data were compared between two different sources (Option 

Metrics and the CBOE). CRSP was used as the source for the underlying assets SPY and VXX, while 

the CBOE was used to obtain VIX futures prices 2. In order to obtain our results, positions on the SPY 

and VIX or VXX options, with two months until expiration, were calculated for each variation of the 

strategy on a monthly basis. Trades were opened on the first Monday (or closest business day) after the 

monthly option expiration cycle (the third Friday of each month) and held until their expiry. An 

exception to this was when utilizing VIX options, as these options expire on the Wednesday before (or 

after) SPY option expiration. In these cases, to prevent any strategy from being unhedged, positions 

were taken off at the first option expiration date. 

In order to measure the compounded performance against the benchmark, the monthly staggered 

performance of each strategy was tested as a combined portfolio. Meaning that trades were initiated 

once a month and then held until expiry (approximately 60 calendar days per trade); we refer to this as 

“staggering”. The profit or loss from the previous month was then reinvested into each subsequent 

month in order to give a realistic compounded performance progression of each portfolio. The 

combination of the two parallel trade cycles were then combined, forming one portfolio per strategy 

(the entire compounded development of each strategy, measured in this manner, is represented in the 

chart in Appendix D). 

An example below (Figure 2) to illustrate trade staggering in a portfolio over a four-month period: 

  

                                                 
2 VIX options have parity to the VIX futures of the same expiration date, which is why it is important to use the relevant 

futures prices as the underlying asset and not the spot VIX index itself (as the VIX cannot be directly traded). 
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Figure 2. Trade staggering in a portfolio over a four-month period. 

During the data screening, mid-prices were calculated in order to reduce the “bid-ask bounce bias”. 

Further, transaction costs and possible slippage was accounted for by deducting 20 USD per single 

monthly position and this was incorporated into the performance evaluation of all of the strategies. The 

monthly positions were calculated as a trade ratio of the nearest-to-the-money put option for a given 

position. The following template formula was used to determine the correct ratio of SPY puts to 

volatility calls to be bought or sold each month: ݈݁݃݊݅ݏ	ݐ݊݉ℎ݈ݕ ݊݅ݐ݅ݏ = ܹ + ܭ − ܴ (2)

where: ܭ = ܵ ∙ ܸݔ  

and: ܴ = [ܵ + ܸ · [ܭ · ܨݕ  

ܹ	= One nearest-to-the-money SPY put option, Z percentage out-of-the-money (constant);  ܭ	= The ratio of volatility call option(s), Z percentage out-of-the-money; ܴ	= The ratio of the furthest-from-the-money SPY put option(s), Z percentage out-of-the-money; ܵ	= The price of one nearest-to-the-money SPY put option, Z percentage out-of-the-money; ܸ	= The price of one volatility call option, Z percentage out-of-the-money; ܨ	= The price of one furthest-from-the-money SPY put option, Z percentage out-of-the-money; 

x = A set parameter defining the ratio between the price of a volatility call option and a  

nearest-to-the-money put option. Referred to as volatility coverage ratio 3. 

y = A set parameter defining the ratio between the price of the furthest out-of-the-money SPY put 

option to the combined cost of the bought options in the position, therefore referred to as the credit ratio 4. 

ܼ = ێێێۏ
ۍ ۑۑے0572550

 .Matrix for Z, to denote percentage out-of-the-money	ېۑ

  

                                                 
3 This parameter tells us, given the value of the respective SPY put and volatility calls, how many volatility calls are 

needed when initiating a position. 
4 This parameter expresses the credit to be received as a percentage of the value of the options purchased	[ܵ + ܸ ·  [ܭ

in the position. 
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4.1. Volatility Beta-Arbitrage Strategy Specifics 

4.1.1. Strategies Using VIX Options, VBA (NH) and VBA (TH) 

In order to calculate the bimonthly return on capital for each position, despite the ratio changes 

(different prices result in a changing number of option contracts to buy and sell each month), a margin 

allocation of $35,000 per “single monthly position” was used throughout the test period. The rationale 

behind choosing this allocation amount was to construct a safe position (concerning the amount of 

leverage used) that could easily account for ratio fluctuations in a live scenario even with stringent 

margin requirements. This also has the advantage that if volatility were to rise less than anticipated, the 

generous capital allocation would keep the risk of the trade to a minimum 5. 

Formula specifics for VBA (NH): the ratios for VBA (NH) were based specifically on trades that 

had shown robust live performance in the market. The strategy specific variables, constant for the 

entire test period, were as follows: for volatility calls VIX options were used, x and y were both set to 

110%. Regarding the appropriate out-of-the-money strike percentage selection, the following 
parameters for each of the variables were chosen: ܹభ, ܵభ, ,రܭ ܸర, ܴయ and ܨయ. At the start of each 

month (from October 2006–October 2014), the nearest possible strike for each of the strike variables 

were selected and the performance tracked. 

Formula specifics for VBA (TH): the adjusted strategy specific variables, constant for the entire test 

period, were as follows: for volatility calls VIX options was used, x was set to 100% and y set to 150%. 

Regarding the appropriate strike selection, the following parameters for each of the variables were 
chosen: ܹమ, ܵమ, ,ఱܭ ܸఱ, ܴయ and ܨయ. At the start of each month (from October 2006–October 2014) 

the same approach as above was applied. 

4.1.2. Strategy Using VXX Options, VBA (NHTL) 

For the third strategy VBA (NHTL), approximately one third of the capital was allocated to each 

position ($11,700). This had the effect of tripling the leverage in the position, making it more volatile, 

but also increasing potential returns—making for an interesting evaluation study. 

Formula specifics for VBA (NHTL): the strategy specific variables were the same as for VBA (NH) 

except instead of VIX options, VXX options were used, and performance was tracked accordingly 

(October 2010–October 2014). 

5. Performance of the Strategies (Results) 

If any meaningful weight is to be attached to a claim of market out-performance of a strategy, it is 

important to compare the performance relative to that of a relevant benchmark. In this case the  

                                                 
5 Margin Considerations: Since option selling holds risk, an individual or institution needs to put down a certain amount 

of collateral (usually in the form of cash) to hold a short option position open (margin). Among other possible factors, 

the amount of margin required can depend on, (1) the calculated risk of the position; (2) government regulations;  

(3) overall account risk; (4) credit status of individuals or institutions; and (5) account types. This means that the capital 

requirements for the proposed strategies can differ depending on who is using them and therefore that their 

implementation may be more/less attractive to some parties than to others. 
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S&P 500 ETF (SPY) is the natural choice of benchmark, as the risk of each strategy is derived solely 

from its price at option expiry. In order to calculate the risk-adjusted excess returns, the bimonthly 

excess returns of each strategy can be analyzed for their relationship with the benchmark by means of a  

time-series regression (Equation (3)). If the benchmark fully explains the risk of the strategy, the average 

risk-adjusted excess return of each strategy should be equal to zero; this is in line with Neoclassical 

assumptions and EMH. If it is positive, it implies that the strategy is earning returns over and above the 

risk taken, which should not be consistently possible in a martingale. This would imply our alternative 

and the susceptibility to behavioral basis as described in the Introduction. If there were doubt as to 

whether the benchmark (SPY) was fully inclusive of the risk in the strategies, a multi-factor model 

would be considered as a supplement to the results. However, in this case, the single-factor model fits 

our purposes because the risk factor is the benchmark return. Given that the realized excess returns of 

the strategies, at expiration, are being regressed by the model—as compared to the raw excess returns 

of the benchmark—we consider the model to be appropriate for the purposes of identifying the alpha, 

beta and significance. With this in mind, the following null and alternative hypotheses are set up in 

order to test each strategy for its risk-adjusted excess return: 

H0: The mean risk-adjusted excess return of the strategy is zero. 

H1: The mean risk-adjusted excess return of the strategy is not zero. 

The null hypothesis is tested for all three strategies by means of the below time series regression 

(Equation (3)), which examines the relationship between the realized bimonthly excess returns of each 

strategy and the corresponding excess returns of the benchmark, over the same period. ܴ = α + βሺܴெ) + ݁ (3)

where: 

R = Bimonthly excess return of the strategy; α =	Risk-adjusted excess return of the strategy (x-intercept of the regression); β =	Beta coefficient of the strategy’s excess return measured against the benchmark’s excess return 

(slope of the SML); ܴெ =	Bimonthly excess return of the market (benchmark); 

e = Standard error of the bimonthly risk-adjusted excess return of the strategy. 

5.1. The Performance of the Volatility Beta-Arbitrage (Normal Hedge) Strategy 

Table 1 summarizes the key results of the regression for VBA (NH), as well as the risk and return 

statistics over the entire test period. As can be seen, the average bimonthly risk-adjusted excess return 

(α) over the 95-month period is 1.5%, with a p-value of 0.00098—which gives the performance 

statistical significance—permitting us to reject the null hypothesis at a confidence level in excess of 

99.90%. A comparison was made between the performance of the strategy under both bearish and a 

bullish market conditions. For these purposes we considered the period October 2006–October 2010 as 

being predominantly bearish, in which we found a bimonthly risk-adjusted excess return of 1.38%, 

while in the subsequent bullish period October 2010–October 2014 we found a very similar bimonthly 

performance of 1.30%. Based on this, we concluded that the strategy yielded positive risk-adjusted 

excess returns over varying market conditions. 
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Table 1. Bimonthly Performance of Volatility Beta-Arbitrage—Normal Hedge  

(October 2006–October 2014). 

Key Regression Results 

α (%) 1.500 
p-value of α (#) 0.001 
Std. Error (#) 0.004 

β (#) −0.340 

Risk and Return 

Measure M * VBA (NH) ** 

Annual compound growth rate (%) 6.20 7.50 
Standard deviation, daily returns (%) 22.10 8.10 

Sharpe *** (#) 0.24 0.82 
Total months traded (#) 95 95 

Total return, months positive (#) 63 93 
Total return, months negative (#) 32 2 

* Benchmark (S&P 500); ** Volatility Beta-Arbitrage Strategy (Normal Hedge); *** Average risk free rate 

over entire test period used for calculation. # denotes numerical form. 

Considering the risk and return measures over the eight-year period, the strategy exhibited negative 

total returns in only two of the 95 months, in contrast to the 32 negative months experienced by the 

benchmark. This is especially attractive when considering the negative β with the market, and zero 

negative months during the bullish period. Comparing the return and variance results 6, we see the 

strategy exhibited lower risk and higher return statistics than the benchmark, resulting in its Sharpe 

ratio being over three times higher than that of the S&P 500—again pointing to the attractiveness of  

the strategy. 

5.2. The Performance of the Volatility Beta-Arbitrage (Tail Hedge) Strategy 

Table 2 summarizes the key results for VBA (TH). With the average bimonthly risk-adjusted  

excess return over 2% we find a considerable market outperformance over the entire period  

(October 2006–October 2014), and with a p-value of 0.00169, this is highly statistically  

significant—again permitting us to reject the null hypothesis with over 99.83% confidence. 

Performance, when adjusting for market risk, was also positive in both bull and bear markets. 

Although average bimonthly risk-adjusted excess returns of 1.9% during the bear market was 

considerably more than average bimonthly performance of 0.5% during the bull market. This  

“market insurance” characteristic of the strategy is also apparent from the β of close to −0.6. 
  

                                                 
6 The Sharpe ratio, which accounts for the return, over the standard deviation of the strategy, uses daily return data of the 

compounded portfolios. This insures a risk return measure that is inclusive of Greek risks inherent in  

options strategies. 
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Table 2. Bimonthly Performance of Volatility Beta-Arbitrage—Tail Hedge (October 

2006–October 2014). 

Key Regression Results 

α (%) 2.033 
p-value of α (#) 0.002 
Std. Error (#) 0.006 

β (#) −0.596 

Risk and Return 

Measure M * VBA (TH) ** 

Annual compound growth rate (%) 6.20 7.90 
Standard deviation, daily returns (%) 22.10 7.20 

Sharpe *** (#) 0.24 0.98 
Total months traded (#) 95 95 

Total return, months positive (#) 63 93 
Total return, months negative (#) 32 2 

* Benchmark (S&P 500); ** Volatility Beta-Arbitrage Strategy (Tail Hedge); *** Average risk free rate over 

entire test period used for calculation. # denotes numerical form. 

What makes this an especially attractive counter to systematic risk, is that despite the substantially 

negative β, there were no negative months during the bullish period, and returns were of low volatility; 

note the Sharpe ratio 0.98. 

5.3. The Performance of the Volatility Beta-Arbitrage (Normal Hedge, Triple Leverage) Strategy 

The results displayed in Table 3 show the performance of the third strategy VBA (NHTL). Due to 

the increased leverage of the strategy, we see a highly attractive bimonthly performance of close to 

5%. This is attained with a p-value of 0.00017, meaning that it has an even higher statistical 

significance than the previous two strategies, allowing a rejection of the null hypotheses at a 

confidence level over 99.98%. Due to the leverage, β decreased even further to negative 0.84, which 

becomes a highly attractive prospective portfolio addition, considering that this was achieved with no 

realized monthly losses over a 47-month bullish period. The Sharpe ratio is not quite as attractive as 

that of the market, but when considering that due to the zero negative total returns, most of the 

volatility occurred to the “up-side”, the strategy makes a strong case to its application and relevance 

for diversifying a market portfolio. 

Table 3. Bimonthly Performance of Volatility Beta-Arbitrage—Normal Hedge, Trip L. 

(October 2010–October 2014). 

Key Regression Results 

α (%) 4.973 
p-value of α (#) 0.000 
Std. Error (#) 0.012 

β (#) −0.840 
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Table 3. Cont. 

Risk and Return 

Measure M * VBA ** (NHTL) 
Annual compound growth rate (%) 14.70 15.90 

Standard deviation, daily returns (%) 15.30 19.20 
Sharpe *** (#) 0.95 0.82 

Total months traded (#) 47 47 
Total return, months positive (#) 37 47 
Total return, months negative (#) 10 0 

* Benchmark (S&P 500); ** Volatility Beta-Arbitrage Strategy (Normal Hedge Trip. L.); *** Average risk 

free rate over test period used for calculation. # denotes numerical form. 

5.4. Summary of Performance 

The two strategies that were possible to trade during both bull and bear markets, exhibited positive 

risk-adjusted excess returns over different market conditions and time-periods (this is in contrast to the 

weak form of EMH, which states that past performance should already be incorporated into prices). 

Moreover, by adjusting the core hedge (as in VBA (TH)) and using the initial strategy hedged with 

options on different volatility products (VBA (NHTL)), the chance of the results being down to  

a statistical anomaly or luck, is vastly reduced. The level of significance that the performance has 

shown, clearly points to their attractiveness as a quotidian diversification tool in a market exposed 

portfolio. Nonetheless, it is important to understand the mechanics behind this type of alternative 

diversification method and the assumptions that need to be made for such performance to continue, so 

that informed trading decisions can be made. 

Considerations: While our study did incorporate the lead up to the 2008 crisis with more “normal” 

interest rates, a long stretch of higher rates may reduce excess returns. Further, it should also be kept in 

mind that given that VIX options were only available from 2006 and VXX options from 2010, we are 

not able to do further studies in generally higher interest rate environments to establish or falsify this. 

For readers interested, further statistics are incorporated in the Appendices A–C showing the 

regression output as well as a visualization of bimonthly returns for all strategies against the 

benchmark—clearly showing the general push back of drawdown’s in the benchmark. Appendix D 

shows a visualization of the compounded development of the strategies, accounting for slippage and 

transaction costs. 

6. Volatility Asymmetry Going Forward—A Behavioral Discussion 

The argument we make throughout this paper is that the nature of the relationship between the VIX 

and S&P 500 is likely to continue, and quite possibly become amplified when individuals take on more 

debt. From a behavioral point of view, Kahneman and Tversky [11,12] documented what they called 

“framing effects”, which drew attention to our varying sensitivities to gains and losses through what is 

now known as prospect theory. We find that these concepts of the fallacies of human decision-making 

reflect what we are observing in the market quite accurately. What is very important to take with from 

the two concepts, is that different settings or representations of the same problem can result in vastly 
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different outputs, i.e., it can provoke deviations in the rational decision-making process that is 

normally ascribed to the rational market agent of neoclassical economic theory. If we apply this in the 

context of options, it becomes apparent that prior occurrences, such as bearish or bullish market 

conditions, market crashes or rallies; influences decision-making in such a way that it alters both the 

subjective interpretation of the probability of occurrence ( ௦ܲ ) and the degree of “risk aversion 

adjustment” (R) that intuitively gets applied to the decision. This method is therefore exploiting 

something that one could label as being hardwired into human cognition; namely that we as human 

beings are tuned to be more sensitive to losses from a reference point, than gains from a reference 

point. This then provides good reasoning behind stating that the observed asymmetry between the 

market and volatility is likely to persist. Factoring this in, we can then decide the relative attractiveness 

of pricings between the option chains of the market and its implied volatility going forward. 

7. Conclusions 

From a behavioral standpoint, it is clear that prior outcomes influence investors risk aversion in 

market sell-offs. The study presented can be viewed as evaluating whether or not market participants 

have accurately priced the impact of this into the options market. The results of the three 

countercyclical strategies show abnormal performance through dynamic market conditions. Further, it 

is evident that all three of the strategies delivered highly significant results over different 

environments. We therefore conclude that during this time period, the respective option prices failed to 

accurately account for the asymmetric relationship between the market and its implied volatility. If 

these inefficiencies continue, the application of such hedging techniques could provide investors with 

an effective method of combatting systematic risk on a month-to-month basis. However, the 

continuation of this performance depends on both, (1) the approximate magnitude of the asymmetric 

relationship holding as well as (2) the market’s general failure to price this relationship into the 

respective option contracts. We present the arguments from a behavioral standpoint, concluding that 

the asymmetric relationship that we have seen in the past, is likely to hold in the future—and perhaps 

become more amplified with higher levels of debt. Understanding this, investors can then determine 

whether they think the correct magnitude of this relationship is priced into the respective options; an 

elegant model for pricing this relationship would be an interesting topic for further research. 

8. Follow Up 

The study discussed in this paper was originally analyzed and formulated late in 2014 and the 

original version of the paper was subsequently written in the first quarter of 2015. Readers that have 

been through the paper will quickly find out that it is in regard to how behavioral biases could be 

exploited in the option markets, in ways that can help investors protect against systematic risk. Now, in 

late August 2015, close to a year has gone by since the end of the original study period (which is from 

October 2006 to October 2014) and we have recently experienced a systematic event in the financial 

market, where markets around the world became correlated in a sharp selloff. As this paper is about 

three strategies that have shown the possibility to protect from such an event, we thought it would be in 

the reader’s interest for us to follow up with the same strategies, on the new data, in order to see how 

they performed in the recent turmoil. Our results showed that all of the three strategies performed well 
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and reacted in ways very much in line with the original study. Appendix E shows five charts (with 

explanations) as visual representations of this data, making it easy for the reader to see that the 

strategies have continued to function as a counter to systematic risk since the initial study was performed. 
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Nomenclature 

Bimonthly: referred to as a two (2) month period, measured between two (2) monthly SPY option 

expirations—due to option contracts expiring on the 3rd Friday of each month, the exact number of 

days (when referring to a bimonthly period) may fluctuate slightly. 

Benchmark/Market: the S&P 500/ETF ticker: SPY. 

EMH: the Efficient Market Hypothesis. 

ETF/ETN: Exchange Trade Fund/Exchange Traded Note. 

Excess return: total return minus the risk free rate. 

Furthest-from-the-money: refers to the option contract used in the construction of a position, the 

strike price of which, is the furthest from the market price on a particular underlying asset. 

Nearest-to-the-money: refers to the option contract used in the construction of a position, the strike 

price of which, is the nearest to the market price on particular underlying asset. 

Out-of-the-money: a common term, referring to how far away the strike price is from the market 

value of the underlying asset. 

Risk-adjusted excess return: return achieved by the strategy over and above the level of risk taken 

(denoted by the benchmark) while also accounting for the risk free rate. 

Risk free rate: 90-day Treasury Bill return for the given period. 

SML: Security Market Line. 

Total return: actual or raw return of the strategy or benchmark without accounting for the risk free rate. 

VBA (NH): Volatility Beta-Arbitrage (Normal Hedge). 

VBA (TH): Volatility Beta-Arbitrage (Tail Hedge). 

VBA (NHTL): Volatility Beta-Arbitrage (Normal Hedge Triple Leverage). 

SPY: S&P 500 ETF 

CBOE: Chicago Board Options Exchange 

VIX: CBOE Volatility Index 

VXX: ETF tracking the daily returns of the VIX 

P/E: Price-to-earnings ratio 
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CAPE: Cyclically adjusted price-to-earnings ratio 

Appendix A. Normal Hedge, October 2006–October 2014 

Figure A1. The above shows the visualized regression output as well as specific statistics 

for the normal hedge strategy, in the table. The S&P 500 excess return is on the x-axis, 

while the strategy is on the y-axis, exhibiting the positive returns described in the paper. 

 

Figure A2. Note how the strategy gives a general counteraction to the dips in the 

benchmark, right up until the latest dip in 2014. 

Regression Statistics
Standard Error 0.04220
Observations 95

Coefficients Standard Error t Stat P-value Lower 99.0% Upper 99.0%
Intercept (α) 0.01499 0.00440 3.40979 0.00096 0.00343 0.02655
X Variable 1 (β) -0.34453 0.06417 -5.36919 0.00000 -0.51327 -0.17578

Ho rejected > 
99% confidence?

Yes

Key Regression Output 

Volatility Beta-Arbitrage  - Normal Hedge (excess returns)



Int. J. Financial Stud. 2015, 3 445 

 

 

Appendix B. Tail Hedge, October 2006–October 2014 

Figure A3. Note how, with this strategy, the counteraction to systematic risk is even more 

attractive in the sell off of 2008. 

 

Figure A4. Another visualization of an even greater counter to the 2008 crisis. 

  

Regression Statistics
Standard Error 0.06033
Observations 95

Coefficients Standard Error t Stat P-value Lower 99.0% Upper 99.0%
Intercept (α) 0.02033 0.00629 3.23427 0.00169 0.00380 0.03686
X Variable 1 (β) -0.59599 0.09174 -6.49641 0.00000 -0.83725 -0.35474

Volatility Beta-Arbitrage  - Tail Hedge (excess returns)

Ho rejected > 
99% confidence?

Yes

Key Regression Output 
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Appendix C. Triple Leveraged, Normal Hedge, October 2010–October 2014 

 

Figure A5. The previous two charts may have instilled doubt of whether the counteraction 

was specific to the 2008 crisis, the increased leverage with this strategy, show that the 

same counteraction to systematic risk applies even when the magnitude of the moves were 

reduced over the more bullish period. 

 

Figure A6. The chart shows the realized returns with the increased leverage. 
  

Regression Statistics
Standard Error 0.073522118
Observations 47

Coefficients Standard Error t Stat P-value Lower 99.0% Upper 99.0%
Intercept (α) 0.04973 0.01213 4.10092 0.00017 0.01711 0.08234
X Variable 1 (β) -0.83941 0.21767 -3.85635 0.00036 -1.42484 -0.25397

Key Regression Output 

Volatility Beta-Arbitrage  - Normal Hedge Triple Leverage (excess returns)

Ho rejected > 99% 
confidence?

Yes

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

Realised 60 day Total Return S&P 500 vs. Volatility Beta-Arbitrage Normal Hedge, 
Triple Leverage

Oct-2014Oct-
2010
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Appendix D. The Daily Performance Progression of the Strategies 

 

Figure A7. The above chart gives a visualization of the compounded development for all 

of the strategies against the benchmark (SPY), accounting for slippage and transaction 

costs. Note the low volatility of returns and how the strategies are “long” the VIX as they 

rise with sudden up moves in this index (represented in grey). 

Appendix E. Out of Sample Tests 

 

Figure A8. This chart shows the bimonthly returns, of the strategy vs. the benchmark, in 

the subsequent 10 months after the original study was performed. What we see is that the 

Normal Hedge strategy appears to still be performing in a similar manner to the original 

study as a counter to systematic risk. 
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The out of sample tests listed in individual charts (showing bimonthly performance) and in  

a combined chart (showing daily performance) illustrate the continued performance of the strategies 

after the initial analysis. The reason for following up on the development of the strategies is to 

examine whether performance has deteriorated since we identified these possible opportunities. As can 

be seen, they continue to display characteristics very similar to that of the initial study. 

 

Figure A9. The Tail Hedge strategy, again appears to be robust in the out of sample test, 

less sensitive to the dips in the benchmark than the Normal Hedge but overall still 

performing in the same manner towards systematic risk as the original study. 

 

Figure A10. This chart shows that the Triple Leverage strategy also worked very well in 

the out of sample period against systematic risk in the market. 
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Figure A11. This chart shows the same return development as in Appendix D, but with the continued 

development of the out of sample test (October 2014 to August 2015). 

 

 

Figure A12. This chart shows the daily development of the strategies against the 

benchmark for the out of sample test, and, as can be seen, even on a daily basis, all of the 

strategies continue to function as generally effective counters to systematic risk, especially 

in the late August selloff. 
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