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Abstract 

The challenge in “long volatility” strategies is to minimize the cost of carrying 

such insurance, as implied volatility continues to trade above realized levels. This study 

proposes a cost-efficient strategy for CBOE volatility contracts that is subject to 

substantial protection against market crashes, while still participating upside 

preservation. The results show (i) timely hedging strategy removes the extreme negative 

tail risk and reduces the negative skewness in exchange for slightly fewer instances of 

large positive returns; (ii) dynamic volatility hedging capital allocation effectively 

mitigates the negative cost-of-carry problem; (iii) using volatility contracts as extreme 

downside hedges can be a variable alternative to buying out-of-the-money S&P 500 

index puts; and (iv) the significant volatility-hedged return is a form of compensation 

for investable higher-moment equity risk factors. 
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1. Introduction 

Using volatility as an asset class prior to the Q4 2008 financial crisis tended to 

capture historical excess returns by selling volatility as well as various strategies 

involving combinations of option positions. Hafner and Wallmeier (2008) and Egloff, 

Leippold and Wu (2010) analyze the implications of optimal investments in sizable 

short positions on variance swaps. Using data on S&P 500 Index (SPX) options, 

Driessen and Maenhout (2007) show that with constant relative risk aversion, investors 

find it always optimal to short out-of-the-money (OTM) puts and at-the-money 

straddles. However, many shorting volatility strategies, following the spike in volatility 

in Q4 2008, have been susceptible to sudden large losses and were exposed to the high 

(positive) downside market beta, causing a re-evaluation of return requirements 

relative to risks. Similarly, relative-value strategies suffer from a lack of liquidity on 

the back of reduced supply and demand for exotic derivative structures.  

Long volatility strategies have gained popularity since 2008, primarily as a 

hedge against catastrophic scenarios, often referred to as “tail risk.” Szado (2009) 

suggests that, while long volatility exposure may result in negative returns in the long 

term, it may provide significant protection in downturns. Fig. 1 displays the Chicago 

Board Options Exchange (CBOE) Volatility Index (VIX), S&P 500 historical volatility 
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and S&P 500 levels over the last two decades. The analysis reveals that volatility has 

been a long used indicator for measuring risk, and the VIX and SPX often mirror each 

other. The VIX appears to be an appropriate hedging tool against the potential 

downside of the broad equity market. While the spot VIX is difficult to replicate as a 

practical matter, investors trade futures and options on VIX as well as variance futures 

to express their view on the S&P 500’s implied volatility. Common examples of CBOE 

volatility derivatives include the SPX Options, the VIX Futures, the VIX Options and 

the S&P 500 Three-Month Variance Futures (VT).1 

[Fig. 1 about here] 

Since volatility often signifies financial turmoil, taking volatility as an asset class 

is proper in the hedging against downside risk. For example, Kat (2003) proposes the 

purchase of OTM SPX puts to hedge risks of higher moments. Black (2006) finds that 

adding a small VIX position to an investment significantly reduces portfolio volatility. 

Moran and Dash (2007) discuss the benefits of a long exposure to VIX futures and 

VIX call options. Szado (2009) analyzes the diversification impacts of a long VIX 

exposure during the 2008 financial crisis. His results suggest that, dollar for dollar, 

VIX calls provide a more efficient means of diversification compared to SPX puts. 

                                                
1 The CBOE launched the SPX options in 1983, the VIX futures on March 26, 2004, the three-month 
variance futures (VT) on May 18, 2004, and the VIX options on February 24, 2006. 
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More recently, Alexander and Korovilas (2011) point out the hazards of volatility 

diversification if volatility trades are not carefully timed.  

The cons of long volatility involve high transactions costs and negative carry and 

roll yield on volatility derivatives during normal periods. The challenge in holding 

such a volatility position is therefore to minimize the cost of carrying such insurance, 

as implied volatility continues to trade above realized levels.2 In other words, any long 

positions on volatility contracts would have offered substantial returns during the 

financial crisis periods, but most long volatility positions also incurred devastating 

losses in the subsequent bull market. Fig. 2 shows VIX futures prices move downward 

for the majority of their recent history, except for periods of extreme stress and 

volatility of the 2008 financial crisis. As a result, naïve long positions on VIX futures 

are expected to suffer losses incurred in futures rolls during normal volatility regimes. 

The negative cost of carry in volatility futures is justified by significant theta decay on 

the premia of underlying options used to replicate the volatility contracts.3 The amount 

of money the hedger loses in time decay must then be made back by additional volatility 

                                                
2 The reason that the CBOE considers no cost of carry for VIX futures (see http://cfe.cboe.com/ 
education/vixprimer/features.aspx) is that there is an absence of clearly defined way to replicate a VIX 
futures contract. 
3 Investors often need dealers who are willing to take the other side of the trade on the exchange because 
of the lack of liquidity, while the dealers are simply replicating their volatility exposures with underlying 
option positions. It indicates that the VIX futures also have delta, gamma and theta. The last one is the 
most obvious in the marketplace �  most of the price decay occurs closer to expiration. 
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movement, and such is generally the case once the time has reached the financial crisis. 

Backwardation in the VIX futures market during periods of stress such as in Q4 2008 

presents a positive roll yield for investors with long positions on VIX futures. 

[Fig. 2 about here] 

Fig. 3-6 demonstrates that cost of carry may be an extremely high financial cost 

if the volatility contracts are ineffectively traded. The study covers the period, 

February 24, 2006 to September 9, 2009.4 The value of a long position on VIX futures, 

VT futures, 10% OTM VIX calls or 10% OTM SPX puts,5 is mark-to-market daily. 

Specifically, those figures present the cumulative dollar profit and loss (P&L) on a 

100-lot SPX ETF and the cumulative dollar P&Ls on a long volatility position plus the 

bank cash balance account of any receivable/payable required for monthly rolls. Note 

that the solid line of the lower right-hand-corner graph in each figure is the sum of the 

security asset and cash balance accounts represented by the solid lines in the upper half 

                                                
4 Common first-date for the volatility contracts is February 24, 2006. Common effective last-date for 
those contracts is September 9, 2009, which is a week before the expiration date of futures and options 
on VIX and seven business days before the maturity date of VT futures and SPX puts. The period 
following September 18, 2009 is excluded as the VT futures contract has no open interest and trading 
volume for consecutive 49 trading days. Recently (October 18, 2012) the VT futures contract was 
delisted from the exchange. The VT futures contract, like over-the-counter (OTC) variance swaps, 
allows users to trade the difference between the implied and realized variance of the SPX. To attract 
OTC participants to exchange marketplace, the new S&P 500 Variance Futures contract (VA) was 
launched on December 10, 2012. VA futures are designed to offer the same quoting conventions and 
economic performance of OTC variance swaps. 
5 “10%” refers to option moneyness. Moneyness is defined as the ratio of underlying asset value over 
the option strike.  
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of each figure. Negative cost of carry6 is indeed observed in the marketplace prior to 

the 2008 financial crisis. What the naïve hedger fails to realize is that in order for the 

volatility contract to be profitable the delta of the volatility contract must outpace its 

rate of decay. In sum, this kind of downside or crash protection may be expensive 

because of its constantly negative cost of carry, and practically it might be impossible 

to time the market to pay for protection only during a significant market downturn. It 

requires hedgers to establish an effective strategic plan that allocates volatility hedging 

capital accordingly. 

[Fig. 3, 4, 5, 6 about here] 

Traditional hedge ratio determination, usually involving either risk minimum or 

risk-adjusted return maximum, fails to take into account those unique features of 

volatility contracts mentioned above. This study proposes a cost-efficient strategy to 

achieve the effectiveness of using CBOE volatility derivatives as extreme downside 

hedges, while still participating upside preservation. In other words, after taking into 

account the costs of rolling contracts, this strategy could provide meaningful protection 

against sudden and/or large market declines, while not imposing excessive costs under 

ordinary market conditions. The study uses a long SPX portfolio and compares various 

                                                
6 The definition of negative carry is the cost of borrowing money to fund an investment that exceeds the 
profit earned. 
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hedging instruments including (i) VIX futures, (ii) VT futures, (iii) 10% OTM VIX 

calls, and (iv) 10% OTM SPX puts. In each case, out-of-sample hedging effectiveness 

is analyzed against a long position on a 100-lot unit of SPX ETF based on risk 

reduction or return improvement.  

Empirical evidence suggests that (i) a rule-based strategy that dynamically 

allocates volatility hedging capital to an equity portfolio effectively mitigates the 

negative cost-of-carry problem of volatility derivatives; (ii) using volatility derivatives 

as extreme downside hedges can be a viable alternative to buying a series of OTM 

SPX put options; (iii) of the long volatility strategies that the paper analyzed, buying 

volatility through VIX futures has historically provided the best risk-adjusted returns; 

(iv) the pros and cons of using VT futures, with benefits from boosted gains and 

discounted losses and with costs reflected in a slightly higher strike than VIX futures, 

more or less offset one another; (v) the volatility allocation weights have significant 

predictive power for realized volatility; and (vi) investable higher-moment equity risks 

explain volatility-hedged returns. 

The primary contribution of this paper is a new methodology for solving three 

problems. The first is to effectively mitigate the negative cost-of-carry problem in 

“long volatility” strategies. The second is to perform the dynamic allocation between 
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the equity and volatility components, as indicative that using volatility contracts as 

extreme downside hedges can be a variable alternative to buying out-of-the-money 

SPX puts. The third is to provide the evidence that the significant volatility-hedged 

return is a form of compensation for investable higher-moment equity risk factors. The 

methodology is new in the hedging exercise using volatility derivatives because (i) it 

does not require an “risk minimization or return maximization of the hedged portfolio” 

to estimate the hedge ratio; (ii) it incorporates a rule-based dynamic strategy 

influencing the volatility hedging capital allocation in an equity portfolio; and (iii) 

daily mark-to-market value of hedged portfolio with taking into account the rolling 

costs is employed to calculate the hedging performance. 

The remainder of the paper is organized as follows. Section 2 describes the 

methodologies. Section 3 provides an analysis of the hedging results. Section 4 

provides the evidence of whether the significant volatility-hedged return is a form of 

compensation for risk factors. Section 5 concludes the paper. 

2. Methodology 

This section provides an in-depth discussion of the methodologies used in this 

study: (i) the hedging strategy, (ii) the volatility forecasts of allocation weightings, and 

(iii) the rolling long position in volatility contracts. 



9 

2.1   Hedging Strategy 

Traditional hedge ratio determination usually involves either minimizing risk7 

or maximizing risk-adjusted return of a hedged portfolio. Those hedge ratios, however, 

could incur substantial losses for volatility assets during normal market conditions, 

leaving frustrated investors wondering whether hedges are worth the expense.8 

Constant allocations to volatility positions on monthly/quarterly rolling schemes are 

therefore ineffective as hedges and inefficient as cost reduction technique. With 

dynamic volatility hedging capital allocation, investors can retain the effectiveness of 

the hedge when environments are abnormal and reduce costs during normal market 

conditions.  

This study proposes a variable sizing rule-based “Long VOLatility Hedging” 

(LVOLH) strategy to allocate volatility hedging capital dynamically in response to 

changes in the prevailing volatility environment. The premise of the LVOLH strategy 

is that the allocation to volatility assets grows at an increasing percentage rate when the 

stock market slumps. The allocation pattern of the volatility component is governed by 

mathematical properties exhibited in the Fibonacci sequence, or appears as sums of 

                                                
7 Risk minimization technique usually involves minimizing the variance, maximum drawdown or 
conditional value-at-risk of a hedged portfolio. 
8 The inadequacy of traditional hedge ratios on volatility-based products is intuitive. Everyone knows 
that volatility is mean-reverting, so it stands to reason that a constant level of exposure will record 
sizable gains when volatility increases and will record equally large losses as volatility reverts to its 
long-term mean. 
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oblique diagonals in Pascal’s triangle. Specifically, the LVOLH portfolio comprises a 

long position in the SPX ETF, hedged with volatility positions that vary in accordance 

with how the LVOLH evaluates volatility risk. LVOLH largely uses the current level of 

realized volatility and the direction of the VIX trend to determine if a security risk is 

overvalued or undervalued. Generally, securities with a higher historical volatility 

carry more risk. Typically, VIX can be used as a trend-confirming indicator because it 

often trends in the opposite direction of the stock market. Despite a tendency to trend, 

the VIX can identify sentiment extremes that react to stock market movements 

(Whaley, 2000). Sharp stock market declines often produce exaggerated spikes in the 

VIX as panic grips the market, whereas a steady stock market advance produces a 

steady downtrend and relatively low levels for the VIX.  

The allocation is evaluated on a daily basis, though rebalance due to changes in 

hedge ratios may occur less frequently. The target weighting of volatility contracts is 

set to vary in a range of 0p¼65% of the mark-to-market value of the hedged portfolio. 

The LVOLH strategy is implemented by the following steps.  

Step 1: Determine the realized volatility, classified into five different volatility 

regimes.9 The annualized one-month historical volatility level, ���� ��� , of the SPX 

                                                
9 Different regimes are classified in accordance with the rules in the Barclays S&P VEQTOR Exchange 
Traded Note, which is the first actively managed volatility product for the retail investor. 
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returns on the preceding business day is calculated as 
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Step 2: Identify the short- and long-term VIX levels. 

Calculate the 5-day and 20-day moving averages of VIX:  
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Step 3: Find out the daily VIX trend indicator. 
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Step 4: Determine the VIX trend. 

A VIX trend is constructed if the daily VIX trend indicators remain constant for 

at least 10 consecutive index business days. Therefore, on any index business day /  

the VIX trend (���/0123 ��� ) is identified as an uptrend, a downtrend, or no trend: 
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Step 5: Identify the target weighting of volatility contracts. 

The target weighting 6  of the volatility asset grows asymptotically 

exponentially as  

57 87 87 &57 &87 987 :57 ;87  (6) 
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of the hedged portfolio value. The sequence is Fibonacci numbers, which one has to 

simply sum the preceding two numbers to calculate the next term. The study assumes 

that the volatility weighting is bounded between 0 and 65% to avoid the case of 

“over-hedging”. The phenomenon of price clustering around round numbers p¼ that is, 

price levels ending in 0 or 5p¼has been confirmed in the stock indices (Donaldson and 

Kim, 1993; Ley and Varian, 1994; Cyree et al., 1999; Mitchell, 2001). These are often 

called “psychological barriers”, or Osler (2001) shows that there are good 

market-driven reasons expecting support and resistance at round numbers. Option 

strike prices are almost invariably round number values of the underlying index, and 

underlying prices around the strike price are liable to induce exercise or hedging trades 

in the underlying market. Further, the Fibonacci numbers have a closed-form solution, 

the golden ratio, which has found more recent uses in financial markets. Glover et al. 

(2013) show the connection between the golden ratio and stochastic processes such as 

the Constant Elasticity of Variance (CEV) model that embodies the leverage effect 

(commonly observed in equity markets) and is capable of reproducing the implied 

volatility smile/smirk.10 This connection provides the theoretical support for the use of 

                                                
10 The volatility smile possesses a characteristic of implied volatility plots in which OTM options 
exhibit higher volatilities than at-the-money (ATM) options. In 2003 the CBOE announced the VIX, a 
model-free rendition of market implied volatility that provides a weighted average implied volatility 
using (essentially) all traded OTM and ATM SPX options. The value of VIX futures, VT futures, VIX 
calls and SPX puts can be represented as a function of the VIX. 
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Fibonacci sequence in the LVOLH strategy. 

Table 1 summarizes the volatility hedging capital allocation based on the 

LVOLH strategy. On each business day, the strategy allocates weightings to the equity 

and volatility components based on a combination of realized volatility levels and 

implied volatility trends in accordance with the rules described above. Specifically, the 

mark-to-market value of the SPX ETF times 6<=& - 6>  equals the dollar amount 

allocated to the volatility contract. 

[Table 1 about here] 

Graphical illustrations of the pre-defined volatility hedging capital allocations 

against a 100-lot unit of SPX ETF are presented in Fig. 7. The graph illustrates the 

pre-defined weightings from February 24, 2006 to September 9, 2009. The volatility 

hedging capital allocation shows put option-like characteristics, because it tends to 

have little impact on the SPX portfolio during normal market conditions but gain 

profits during worst performing days of the S&P 500 equity markets. The LVOLH 

strategy makes volatility capital injection in market disruption and force majeure 

events, and withdrawal in regular trading days. Therefore, the proposed method to 

obtain exposure to volatility is thought to be a cost-efficient and effective choice as 

extreme downside risk hedge as well as upside preservation. 
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[Fig. 7 about here] 

2.2   Performance of Allocation Weightings in Volatility Forecasts 

For an illustration of the historical realized volatility environment and historical 

implied volatility trends, the study tests the volatility predictability of the allocation 

weightings 6  calculated in accordance with the rules set forth above. The study 

focuses on volatility forecasts for non-overlapping one-month horizons, using data for 

the period February 2006 through September 2009. The subsequent realized volatility 

is calculated as 
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The number of days, JK, in this calculation is the number of days in month *. Table 2 

presents descriptive statistics for the realized volatility and allocation weightings. The 

statistics in the post-crisis period lie significantly above those in the pre-crisis period. 

Values of correlation statistics show a positive linear relationship between the 

weightings and realized volatilities; in particular, the sample correlation coefficient is 

large in the post-crisis period because both variables are affected by the crash event in 

the bankruptcy of Lehman Brothers in September 2008. There is some evidence of 

skewness and leptokurtosis in both variables when using full sample size. Classifying 

data periods reduces but does not entirely eliminate this. 
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[Table 2 about here] 

The study examines the information contained in allocation weightings using a 

predictive regression. The regression is 

���� � ? @
� L ( M6 � ( N �  (8) 

The study examines two hypotheses in this framework. First, a significant slope 

coefficient indicates predicative power for the allocation weightings. Second, unbiased 

forecasts have a zero intercept and a slope coefficient of one. Non-overlapping 

observations are used in all regressions. Smith and Yadav (1996) investigate the 

relative performance of alternative GMM covariance estimates using overlapping 

observations. In finite samples, they find that standard correction methods for 

overlapping observations (Hansen, Newey-West, etc) all produce standard errors that 

are too small, giving empirical size probabilities above their theoretical values. The 

misspecification deteriorates as the degree of serial correlation in the independent 

variable increases. By comparison, OLS on non-overlapping observations gives size 

probabilities much closer to their theoretical values, even for small sample sizes. Using 

non-overlapping observations avoids these potential misspecification problems. 

The study examines the residuals for evidence of serial correlation and 

heteroscedasticity. These show that the null hypothesis of no heteroscedasticity in all 
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regressions can be accepted. However, the second- and first-order autocorrelations of 

the residuals are specified for the pre- and post-crisis periods, respectively. Table 3 

reports the results with autoregressive parameters assumed given, if any. The results 

show that the allocation weights have predictive power for realized volatility. All slope 

coefficients are significantly different from zero. The highest R-square is for the 

post-crisis period. The allocation weightings in the pre-crisis period have the lowest 

predictive power for realized volatility.  

Using the allocation weightings gives a significant intercept and a slope 

coefficient within two standard errors of one in the full and post-crisis periods. The 

allocation weightings in the pre-crisis period give a slope coefficient that is 

significantly less than one, and a significantly positive intercept. The results indicate 

that the allocation weightings in the pre-crisis period generate volatility forecasts that 

overpredict realized volatility.  

[Table 3 about here] 

2.3   Rolling Methodology for Volatility Contracts 

The front-month series of volatility contracts are created by purchasing volatility 

contracts with at least five business days prior to their expiration to avoid liquidity 

problems in the last week of trading. Additional positions are purchased at their 
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opening asks whenever a bullish volatility signal results in the volatility contracts 

becoming attractive; whereas, a portion of purchased positions are sold at their opening 

bids whenever a bearish volatility market results in the contracts turning unattractive. 

The study uses opening price plus (minus) half of the bid-ask spreads as the synthetic 

opening ask (bid) due to unavailability for ask and bid prices at the opening of the 

market. In addition, the study rolls any purchased futures five business days before 

their expiration date. In contrast, the study just lets any purchased VIX calls and SPX 

puts expire instead of trying to roll them forward, respecting the fact that active trades 

and large bid-ask spreads prevail over the options markets. This rolling strategy is 

consistent with the real-world practice.  

One of the biggest problems with volatility related products is liquidity. The 

most liquid are VIX futures, which have sizable open interest and daily volume. In 

contrast, VT futures with low open interest and daily volume are far less liquid than 

other volatility contracts (Huang and Zhang, 2010). The bid-ask spreads are therefore 

taken into account when rolling forward and rebalancing the volatility positions. Table 

4 compares the bid-ask spreads (OPs) of various volatility contracts. To reconcile the 

multiplier divergence among contracts, dollar OPs and the percentage quoted spread 

Q7 are also calculated. The percentage quoted spread is measured as the extent to 
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which the quote or price level R is associated with the bid-ask spread; formally, 

Q7 � &55 S OP<R.  

The VT futures are observed to have the largest (dollar) OPs. The Q7 is 

significantly larger for the 10% OTM SPX puts, as indicative of a relative 

expensiveness in rolling costs when using this contract. Lower Q7 and OPs in the 

VIX futures market are due to the abundance of liquidity. Further, the VIX option has 

the largest volume and open interest compared to other option products on volatility 

indices. Therefore, the lower dollar)OPs are observed for the 10% OTM VIX calls. 

Further, the increased risk and illiquidity in the financial crisis of 2008-2009 have led 

to a spike in volatility. The (dollar) OPs arise for all contracts due to information 

asymmetry in the post-crisis period. Based on the data compiled in Table 4, the VIX 

futures and 10% OTM VIX calls may offer an excellent candidate for downside hedge, 

while hedging with VT futures and 10% OTM SPX puts may be relatively expensive. 

[Table 4 about here] 

The hedged portfolio is calculated on a mark-to-market basis, including interest 

accrual on the allocation to volatility components at the US Treasury bill rate. For 

simplicity, the potential need to finance one’s margin requirements is ignored. On each 

business day /  the mark-to-market (MTM) value of the hedged portfolio, consisting 
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of 100-lot SPX ETF, T units of volatility contracts purchased on day /UV��, and a cash 

account that finances the positions and accumulates the trading profits and losses 

(P&Ls),11 is evaluated as 

WJW=/>� XJY =/ >( T =/UV��>� Z[\]^� "_E? =/` / UV��>( ZaQT=/> (9) 

where Z[\]^� "_E? =/` / UV��> is the day-/  cumulative P&L of the volatility contract 

purchased on day /UV��. Its value is calculated using daily settlement prices for futures 

contracts (Y�
!"#  or Y�

!? ) or midpoints of options (baCC�
!"#  or ][/ �

EF#); specifically, 
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Vr}�  is the 

opening price of SPX ETF on day /UV�� ; and �~•J � ijkk

Vr}�)nq€  indicates the 

multiplier-adjusted opening ask of the futures contract on the roll day /UV�� or the 

option strike.12  

                                                
11 Any interest charges on a negative balance or interest accruals on a positive balance from the current 
period also become part of the P&Ls for the next period. 
12 The contract multipliers are $1,000 per VIX point for the VIX futures, $50 per variance point for the 
VT futures, and $100 per point of VIX options and SPX options, respectively. 
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3. Hedging Performance 

The study focuses on a “daily” out-of-sample hedging horizon. Although the 

allocation to the volatility asset is evaluated daily, changes in allocation may occur less 

frequently if the market timing signal has not changed sufficiently from the prior 

trading day to require a change in allocation. Hedge effectiveness is measured based on 

the magnitude of risk reduction or return improvement from before-the-hedge to 

after-the-hedge.  

3.1  Hedge Effectiveness Measures 

Traditional risk/return measures such as Sharpe ratios and standard deviations 

are inadequate to measure risk for assets such as volatility with highly non-normal 

distributions and large tails. These are the three measures to gauge hedge performance 

when applied to a single volatility hedging instrument: (i) using maximum drawdown 

as a downside risk measure; (ii) using tail-adjusted conditional Value-at-Risk as an 

extreme tail risk measure; and (iii) using tail-adjusted Sharpe ratio as a measure of the 

excess return relative to risk. 

First measure is the magnitude of reducing percentage maximum drawdown 

(7Waƒ„„ ) on the hedged portfolio from before-the-hedge to after-the-hedge: 

7Waƒ„„•J` )� …}eVU})†}‡ˆ} ‚ - 7Waƒ„„•J` � ne�}U)†}‡ˆ} ‚  (11) 
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where the monthly return is � =/ >� MTM(/ )/MTM(/ -22)-1. 7Waƒ„„=J>  is defined 

as the maximum sustained percentage decline (peak to trough) for period h5 Jl, which 

provides an intuitive and well-understood empirical measure of the loss arising from 

potential extreme events (Magdon-Ismail et al., 2004; Magdon-Ismail and Atiya, 

2004): 

7Waƒ„„ =J` ‰� Š�$%
? >� ‹Œ• %Ž�Ž? �

• •‘’‘�
vwxz �• =� >

• •‘’‘�
vwxz �  (12) 

where � %Ž“Ž�
r}n€ � ‹Œ• %Ž“”� h�=•>l is the maximum dollar monthly return in the [0,/ ] 

period. 

Second measure is the magnitude of reducing the conditional Value-at-Risk 

(b�a� ) (Rockafellar and Uryasev, 2002) on the hedged portfolio at the confidence 

level & - L  from before-the-hedge to after-the-hedge: 
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where � —u (˜ —u) is the (normalized) monthly return on the hedged portfolio that uses 

the Cornish-Fisher expansion to capture skewness and kurtosis (Cornish and Fisher, 

1938; Baillie and Bollerslev, 1992; Liang and Park, 2010):  
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where ˜ ��›  is the critical value for probability & - •  with standard normal 

distribution (e.g. ̃ ��› � - &«;:)a/)• � ¬87 ); ™=�>, š=�> , •=�>  and ¦=�>  indicate 

the mean, volatility, skewness and excess kurtosis of the monthly returns on the hedged 

portfolio, respectively. 

Third measure is the magnitude of improving adjusted Sharpe ratio (denoted 

•� n‡ ) on the hedged portfolio from before-the-hedge to after-the-hedge: 

•� n‡ •J`)� ne�}U)†}‡ˆ} ‚ - •� n‡ •J` � …}eVU})†}‡ˆ} ‚  (15) 

where •� n‡  is an omega-function-like measure. The numerator is a measure of 

upside cumulants while the standard deviation of returns in the denominator is replaced 

by a measure of downside cumulants (Karatzas and Shreve, 1998; Fernholz, 2002; 

Keating and Shadwick, 2002). This is a more balanced measure from the perspective of 

not only minimizing risk (which also tends to minimize returns) but also achieving a 

balance between upside and downside moments, and is generally consistent with the 

real-world practice in that traders tend to underhedge to preserve upside. The •� n‡  is 

defined as 

•� n‡ � �

®� )¯
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where 1 �  excess monthly return rate of the hedged portfolio; š �  volatility of the 

hedged portfolio; ̃ ° �
±nd•® ²

³´  %‚

®²
; ˜ � �

±K�•® ��²
³´ ) %‚

®��²
; for example, ̃ › � 9«¥¥  at 
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• � 1%, ˜ ��› � - 9«¥¥ at & - • � 99%.  

3.2  Hedging Results 

This section presents the empirical results of hedging a 100-lot unit of SPX ETF 

with the LVOLH strategy as applied to: (i) the VIX futures; (ii) the VT futures; (iii) the 

10% OTM VIX calls; and (iv) the 10% OTM SPX puts. Table 5 reports various 

statistics for monthly returns on the unhedged portfolio (SPX ETF) and the hedged 

portfolios. In order to examine whether the LVOLH strategy provides economic 

benefits even in the absence of tail risks and abnormal market environments, the 

empirical analyses excluding the 2008 panic period (Q4 2008) and the 2009 market 

rally period (Q1-Q3 2009) are also separately tabulated.  

[Table 5 about here] 

3.2.1 VIX Futures 

Graphical out-of-sample results of the unhedged SPX ETF and the ETF portfolio 

hedged with the VIX futures based on the LVOLH strategy are presented in Fig. 8. 

Panel A looks at the mark-to-market values of unhedged and hedged portfolios, and 

Panel B displays the histograms of their monthly returns. The hedged portfolio realizes 

outsized gains during the Q4 2008 panic period and also has considerable profits in the 

Q1-Q3 2009 market rally period. 
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[Fig. 8 about here] 

The adoption of LVOLH with VIX futures has the following effects over the full 

sample period. First, the hedged portfolio removes monthly returns below -4%; for 

example, -14% and -27.32%. Second, the hedged portfolio adds returns greater than 

10%; for example, the 20% and 126.39%. Third, the hedged portfolio increases the 

number of months with returns between -2% and 2%, that is, has a smoothing effect. In 

sum, the LVOLH strategy with VIX futures removes the extreme negative tail risk 

during the full sample period for slightly fewer instances of large positive returns. This 

results in a significant enhancement in skewness from -1.83 for the unhedged portfolio 

to 5.98 for the hedged portfolio. Further, the LVOLH portfolio associated with the VIX 

futures produces an average of 3.23% per month, versus a -0.92% mean return for the 

unhedged SPX ETF alone, and the minimum monthly return is improved by seven 

times. Panel B of Table 5 shows the VIX futures portfolio is effective in reducing tail 

risk measured by percentage maximum drawdown, and Cornish-Fisher b�a� s at 95% 

and 99%, as well as produces impressive enhancement in adjusted Sharpe ratio from 

before-the-hedge (-3.08) to after-the-hedge (4.36). 

While the spike in the mark-to-market of the hedged portfolio during the late 

2008 is dramatic, it is important to consider the performance of long volatility 
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positions during the normal market periods. Graphical analyses excluding the Q4 2008 

panic period and the Q1-Q3 2009 market rally period are displayed in the lower graphs 

in each panel of Fig. 8. With the financial crisis excluded, the hedged portfolio exhibits 

a mean monthly return of -0.19%, with a volatility of 2.47% versus -0.25% (mean) and 

3.95% (volatility) for the unhedged SPX ETF. The LVOLH strategy with VIX futures 

therefore presents an upside preservation during the normal market environments. 

Noticeably, in contrast to ad hoc hedging results using conventional hedge ratios, the 

VIX futures portfolio is able to keep costs low under normal market conditions in the 

form of higher minimum and mean monthly returns based on the volatility exhibited in 

and implied by the market. Further, the LVOLH allocation achieves large gains under 

crisis conditions, and retains nearly all of those gains once the market returns to normal. 

These results show that the LVOLH strategy with VIX futures provides economic 

benefits even in the absence of tails risks and abnormal market environments. In 

general, the results indicate the effectiveness of using the LVOLH strategy with the 

VIX futures. The allocation is a cost-effective technique aimed for extreme downside 

risk protection and for upside preservation. 

3.2.2 Variance Futures 

As shown in Fig. 9 and Table 5, the LVOLH strategy with the VT futures has not 
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only gained substantial positive returns during extreme downside markets, but also 

incurred less devastating losses in the preceding bull market than a fixed or constant 

level of conventional allocation. The LVOLH strategy with the VT futures has 

removed monthly returns below -10%, reduced the frequency of poor monthly returns 

of -10% to -8%, and added a return greater than 120%. In sum, the VT futures hedged 

portfolio removes the extreme negative tail risk during the full sample period and 

reduces the negative skewness in exchange for slightly fewer instances of large 

positive returns. The VT futures hedged portfolio returns an average of 1.97% per 

month with a minimum of -10.11% and a maximum of 120.81%, versus a -0.92% 

mean monthly return with a minimum of -27.32% and a maximum of 9.91% for SPX 

ETF alone. The study observes a reduction in drawdown and an effective decline in 

Cornish-Fisher b�a� s with a significant improvement of the upside, resulting in a 

reliable proposed LVOLH strategy during the financial crisis. 

[Fig. 9 about here] 

With the financial crisis excluded, however, the performance of the VT futures 

hedged portfolio has modest improvement, exhibiting a negative skewness of -0.62 

versus -0.62 for the unhedged SPX ETF monthly returns. The results suggest that the 

LVOLH strategy with VT futures provides cost benefits in the absence of tail risks and 
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abnormal market environments at the expense of lacking some minimal level of 

portfolio protection, which is always in place for a VIX futures hedged portfolio.  

The practical issue with using the VT futures is that its market price considers 

the “look back” nature of maximum drawdown in SPX movements, and it is generally 

believed that the VT futures contract is recoiling in its P&L. The study observes a 

slight increase in losses toward the crisis representing the negative carry of any long 

VT futures strategy, while the upside for the VT futures portfolio is preserved once the 

financial crisis has reached. Consequently, the benefits from boosted gains and 

discounted costs (via smaller hedge ratios) are already reflected in a slightly higher 

strike. The pros and cons of using VT futures more or less offset one another. Such a 

negative carry would possibly deter any real-life traders from using such an instrument 

for hedging during normal market conditions. 

3.2.3 10% Out-of-the-Money VIX Call Options 

As shown in Table 5 and Fig. 10, instead of attempting to hedge a portfolio of 

SPX ETF by buying an index put option, one may be able to accomplish it cheaply by 

purchasing VIX call options. 

[Fig. 10 about here] 

The VIX call hedged portfolio removes the extreme negative tail risk during the 
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full sample period and reduces the negative skewness in exchange for slightly fewer 

instances of large positive returns. In particular, it removes monthly returns below 

-10% and adds a return greater than 102%. The adoption of the LVOLH strategy with 

the 10% OTM VIX calls thus has a positive effect on the overall mean. •� n‡  and the 

monthly return risks, as measured by 7Waƒ„„  and b�a� s, have also been 

improved. 

The mean monthly return and its risk measures, however, suggest the existence 

of a negative cost of carry for a long VIX call hedge during the normal market 

environments. As a result, using 10% OTM VIX calls is not as effective as VIX futures 

during the normal market episode, but it has produced more significant cost-effective 

upsides for the portfolio in the crisis period. 

3.2.4 10% Out-of-the-Money SPX Puts 

Comparing Fig. 11 to Fig. 6, it is noticeable that an adoption of the LVOLH 

strategy makes the 10% OTM SPX puts more responsive to shocks in the SPX ETF, 

making them more desirable as hedging instruments. 

[Fig. 11 about here] 

The most conventional method for gaining long exposure to volatility has been 

the purchase of OTM SPX put options. Option buyers seem caught, however, between 
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the rapid time decay that afflicts short-dated contracts, and the rich premium and strike 

dependence that plague longer-dated contracts. Many hedgers will typically either 

underhedge with a smaller than suitable notional amount, or use options further 

out-of-the-money, lowering the payoff when the options go into the money. Conversely, 

the study shows that investors who employ 10% OTM SPX puts will pay reduced 

premia by adopting the LVOLH strategy to determine the optimal hedge ratio, and will 

not forego substantial gains during strong bear markets. The LVOLH strategy with 

SPX puts, however, still contend with higher premia related to implied volatility skew 

and thus more expensive than the LVOLH strategy with the VIX calls. 

The adoption of the LVOLH strategy with 10% OTM SPX puts has the 

following effects. First, it removes monthly returns below -16%. Second, it reduces the 

frequency of poor (-8% to -16%). Third, it adds a return greater than 310%. In sum, the 

SPX put portfolio removes the extreme negative tail risk during the full sample period 

and reduces the negative skewness in exchange for slightly fewer instances of large 

positive returns.  

With the 2008 financial crisis and 2009 market rally excluded, the SPX put 

portfolio shows a mean monthly return of -1.1296%, versus a -0.2547% mean return 

for the SPX ETF alone, and •� n‡  of -0.4623, versus -0.8246 •� n‡  for the ETF 
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alone. The results indicate the existence of a negative cost of carry for the SPX put 

hedged portfolio. Further, monthly return risks as measured by 7Waƒ„„  and �a� s 

are improved versus the unhedged ETF. 

3.3  Overall Comparison on the Choice of CBOE Volatility Contracts 

The study compares different hedging instruments based on their one-month 

rolling time series, wherein liquidity can be found in real-life trading.13 This section 

highlights these results to show that the LVOLH strategy provides economic benefits 

to alternative volatility contracts even in the absence of tail risks and abnormal market 

environments.  

Compared to the unhedged SPX ETF, the LVOLH strategy removes the extreme 

negative tail risk in exchange for slightly fewer instances of large positive returns, 

which generally exhibit a higher degree of positive skewness and kurtosis. The 

LVOLH strategy with the VIX futures continues to be a reliable performer in 

preserving upside gains during the normal market periods and providing effective 

downside hedge. The OTM SPX put portfolio appears to be a volatile performer over 

time. The VIX calls could rise in value much faster than a typical index put option 

                                                
13 In practice, quarterly rolling, for example, saves on transaction costs, but the longer-dated futures are 
also known to be less responsive to shocks in the spot VIX, making them less desirable as hedging 
instruments. Using longer-dated options is to help reduce the effects of time decay; however, keeping 
them 10% OTM may not be as cost-effective as buying OTM options each month and letting them 
expire. 



31 

during market downturns, because spikes in volatility tend to be relatively larger than 

the market movements that cause them. Potentially, this allows the hedger to offset 

some or all of the losses in his SPX ETF at a much lower cost. The OTM VIX call 

purchases are, therefore, less expensive than the OTM SPX puts. Though the leverage 

on option premia can also magnify the effects of losses, a judicious use of the LVOLH 

strategy can help investors allocate hedging capital more efficiently. 

In sum, the LVOLH strategy has produced reasonably consistent performance 

under almost all cases: the hedged portfolio using the LVOLH strategy has outsized 

gains during the Q4 2008 panic period and also participated in the Q1-Q3 2009 market 

rally periods. The LVOLH strategy is able to keep costs low under normal market 

conditions by dynamically allocating capital to volatility positions based on the 

volatility exhibited in and implied by the market. Therefore, the LVOLH strategy could 

be an acceptable volatility hedging scheme among practitioners and academics. 

4. Risk-Adjusted LVOLH Returns 

This section provides the evidence of whether the significant LVOLH return is a 

form of compensation for traditional risk factors from the Carhart (1997) four-factor 

model with a liquidity factor of PŒµstor and Stambaugh (2003) and higher-moment 

equity risks. Since LVOLH dynamically allocates volatility derivatives to an equity 
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portfolio, the study assumes that LVOLH returns depend on the same sources of risk 

factors used to explain equity returns and volatility derivatives premiums. Fig. 12 

shows that an equally weighted portfolio of all LVOLH strategies is large and positive 

when the equity returns are at extremes (i.e., states 1 and 5),14 and this can lead to 

LVOLH portfolios being exposed to higher-moment risks of the equity market. The 

convex return pattern resembles the payout profile of a straddle on the underlying asset, 

and can be rationalized by employing Fung and Hsieh’s (2001) stock lookback straddle 

(PTFSSTK) as a systematic factor to capture market timing as trading strategies. 

[Fig. 12 about here] 

The returns from LVOLH strategies are highly non-Gaussian such that an 

investor without mean-variance utility is likely to require substantial premiums for 

tail-risks. For example, Bates (2008) considers equilibrium in the context of agents 

with particular aversion toward downside risk (crashes) in order to explain the put 

premium. The return profile shown in Fig. 12 indicates that the relationship between 

LVOLH strategies and the equity market is nonlinear. Higher moments of equity risk in 

the cross section of LVOLH returns are captured through the market volatility risk 

                                                
14 The monthly returns of the S&P 500 equity market are sorted into five “states.” State 1 consists of the 
worst months, and State 5 the best months. This figure graphs the average monthly return of an equally 
weighted portfolio of the four LVOLH hedged portfolios, along with that of the SPX equity market, in 
each state. 
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premium (VRP), the change in perceived tail risks (¶•¦X· ), and the change in 

expected volatilities of the 30-day forward price of the VIX (¶���� ). The VRP in 

month /  is computed as the difference between historical (realized volatility in month 

/ ) and risk-neutral (the VIX observed at the beginning of month / ) measures (Carr and 

Wu, 2009). The shocks to volatility can be either small (Brownian motion), or 

potentially large, causing the volatility path to be discontinuous (jump). The possibility 

of large shocks to economic uncertainty helps explain the sizable risk premia 

associated with volatility. Considering a gauge for measuring volatility of the VIX 

itself, CBOE introduces “VIX of VIX” (VVIX), which is calculated from the price of a 

portfolio of liquid at- and out-of-the-money VIX options. The index offers investors a 

way to gauge the risk premium in VIX option prices, much like the CBOE’s VIX 

reflects the risk premium in SPX option prices. Reflecting aversion to downside 

market moves, CBOE has developed a complementary indicator that measures 

perceived tail risk. That indicator is “SKEW”, which is calculated from the prices of 

SPX out-of-the-money options. One can estimate the probability of a massive down 

slide from the value of SKEW.  

Other controlling benchmark factors include (i) the percentage bid-ask spread  

of volatility contracts (SPREAD) to control for illiquidity risk in the volatility 
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derivatives market; and (ii) the TED, or Treasury Eurodollar, spread that is calculated 

by subtracting the interest rate on treasury bills from the three-month dollar LIBOR as 

a measure of the perceived credit risk in the U.S. economy. In details, the study 

explores the risk factors for LVOLH returns through a panel data regression with panel 

data: 

0K � � L ( M � �W�Y � ( M 
 •WO� ( M¤¸W� � ( M£W�W � ( M � ��¹ � ( M º ¶•¦X· �  

(M¢ ��] � ( M »¶���� � ( M ¼]JY••J¦ � ( M �%JX„ � ( M �� •]�XP„ K � ( NK � (17) 

where 0K � is the excess return of LVOLH portfolio * over the riskfree rate in month 

/ ; MKTRF, SMB and HML are the Fama and French (1993) three factors; MOM 

indicates the Cahart (1997) momentum factor; LIQ denotes the PŒµstor and Stambaugh 

(2003) liquidity factor; and PTFSSTK represents the excess return of Fung and Hsieh 

(2001) lookback straddle on stock indices. 

The results for the traditional risk factors (MKTRM, SMB, HML, MOM and 

LIQ), the investable higher-moment equity factors (VRP, DSKEW, DVVIX and 

PTFSSTK), and the controlling benchmark factors (TED and SPREAD) can be found 

in Table 6. The relevance of higher-moment factors for the LVOLH returns is 

supported by the whole and post-crisis periods that display statistically significant 

loadings on the higher-moment factors. On the other hand, LVOLH portfolios load 
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significantly on traditional risk factors (except MOM) in the pre-crisis period, 

whereas their loadings have an insignificant and opposite sign in the whole and 

post-crash periods. A rising TED spread often signals a downturn in the economy, as 

it indicates that liquidity is being withdrawn in the post-crisis period. Finally, with a 

view in Chaudhury (2011) that using the SPREAD measure is challenging to make 

meaningful comparison of the liquidity of options on different underlying assets, 

insignificant loadings on the SPREAD factor are consistently found for the LVOLH 

portfolios. 

After controlling for systematic and higher-moment risks, LVOLH portfolios 

continue to earn a 1.6% insignificant abnormal return premium. The source of the 

abnormal return is from a significantly positive abnormal return 0.98% in the 

pre-crisis period, and an insignificant but higher abnormal return 2.19% in the 

post-crisis period. This is consistent with the long volatility theory: as the greater the 

volatility, the greater the chance for an LVOLH portfolio to end up being more 

profitable. The empirical evidence on the ability of investable higher-moment factors 

to describe LVOLH returns can have implications for performance evaluation and risk 

management in the volatility derivatives market. 

5. Conclusion 



36 

Given the growing popularity of contracts deriving their values from the implied 

and realized volatilities of the SPX, it is important to develop the effective and 

cost-efficient hedging strategies for these types of products. Previous studies have 

looked at a strategy of continuously buying SPX puts to protect an equity portfolio. 

While this is a viable method, the costs of the hedging would be expensive over time 

making the strategy a less-than-optimum deployment of funds. 

The proposed strategy seeks to provide investors with broad equity market 

exposure with an implied/realized volatility hedge by dynamically allocating volatility 

capitals in an equity portfolio. The equity component is illustrated by the 100-lot unit 

of SPX ETF and the volatility component is represented by the CBOE volatility 

derivatives including the VIX futures, VT futures, 10% OTM VIX calls and 10% OTM 

SPX puts. The strategy is premised on the observation that historically rapid declines 

in the performance of the U.S. equity markets generally tend to be associated with 

particularly high volatility in such markets. The hedged portfolio, therefore, seeks to 

reflect such historically-observed trends by allocating a smaller (or zero) portion of its 

mark-to-market value to investments in the SPX ETF markets during periods of low 

market volatility and with the ability to allocate a greater proportion of its 

mark-to-market value to investments in a reference asset that tracks implied/realized 
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volatility during periods of high market volatility. The allocation pattern of the 

volatility capital is governed by Fibonacci sequence. The allocation weightings provide 

superior predictors of subsequent realized volatilities of the SPX. 

By allocating capital to hedging positions based on the volatility exhibited in and 

implied by the market, one is able to keep costs low under normal market conditions in 

the form of higher minimum and mean monthly returns. The strategy also provides 

significant benefits with reasonable transaction costs in the presence of tail risks and 

abnormal market environments. The empirical results show that using CBOE volatility 

derivatives as extreme downside hedges, when combined with the LVOLH strategy, 

can be a viable alternative to buying a series of OTM SPX puts. Further, the strategy 

mitigates the negative roll yield in futures investing in periods of VIX Term structure 

contango. The adoption of the LVOLH strategy, therefore, makes VIX futures 

substantially effective as a desirable hedging tool in the absence of tail risks and 

abnormal market environments. Finally, the significant LVOLH return is a form of 

compensation for investable higher-moment equity risk factors that comprise the 

market volatility risk premium, the change in perceived tail risks, the change in 

volatilities of the VIX, and the market timing as trading strategies on lookback 

straddle. 
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In sum, this study proposes a cost-efficient strategy for CBOE volatility 

contracts that is subject to substantial protection against market crashes, while still 

participating upside preservation. Out-of-sample hedging results indicate that (i) timely 

hedging strategy removes the extreme negative tail risk and reduces the negative 

skewness in exchange for slightly fewer instances of large positive returns; (ii) 

dynamic volatility hedging capital allocation effectively mitigates the negative 

cost-of-carry problem; (iii) using volatility derivatives as extreme downside hedges can 

be a variable alternative to buying OTM SPX puts; (iv) the volatility allocation weights 

have significant predictive power for realized volatility; and (v) investable 

higher-moment equity risks explain the volatility-hedged returns. 
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Table 1 

Volatility hedging capital allocations of the LVOLH strategy. 

Realized Volatility 

=� ��� ��� > 

Target Volatility Component Allocation 

Implied Volatility 

Downtrend 

=���/012 3� � � � - &> 

No Implied Volatility 

Trend 

=���/012 3� � � � 5> 

Implied Volatility 

Uptrend 

=���/012 3� � � � ( &> 

      � ��� � � � . &57  57  87  &57  

&57 Á � ��� � � � . 957  87  &57  &87  

957 Á � ��� � � � . ¥87  &57  &87  987  

¥87 Á � ��� � � � . :87  &87  987  :57  

:87 Á � ��� � � �  987  :57  ;87  

The strategy allocates weightings 6  to the volatility component in an equity portfolio based on a 

combination of realized volatility levels and implied volatility trends in accordance with the rules 

described herein. The mark-to-market value of the equity portfolio times 6<=& - 6>  is the dollar 

amount allocated to the volatility contract. 
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Table 2 

Volatility descriptive statistics. 

 N Mean SE Skewness Excess Kurtosis Correlation 
]a21C)PÂ)Y[CC)Qa\RC1)R10*{3)=Y1Ã0[a0| )955; p¼•1R/1\Ã10 )955¬> 
����  44 0.2177 0.1637 1.9206 3.7794 0.8615 
6  44 0.1364 0.1403 2.4353 6.9389 (<0.0001) 
       
]a21C)OÂ)]01 -Z0*Q*Q)R10*{3)=Y1Ã0[a0| )955; -P[Ä[Q/ )955Å> 
����  31 0.1459 0.0625 0.5123 -0.7709 0.5446 
6  31 0.0871 0.0619 0.3027 -0.0228 (0.0015) 
       
]a21C)bÂ)]{Q/ -Z0*Q*Q)R10*{3)=•1R/1\Ã10 )955Åp¼•1R/1\Ã10 )955¬> 
����  13 0.3889 0.2029 0.7068 -0.3133 0.8580 
6  13 0.2538 0.1994 1.3112 0.6983 (0.0002) 

The table gives simple descriptive statistics for one-month-ahead realized volatility (���� ) and 

allocation weightings (6 ). The statistics reported are the sample size, mean, standard deviation, 

skewness, excess kurtosis and correlation (R-value in parentheses). Panel A includes monthly 44 

observations covering the period February 2006 through September 2009. Panels B and C examine the 

pre- and post-crisis periods, respectively, using the emergence of the U.S. financial crisis in the 

bankruptcy of Lehman Brothers in September 2008 as the cut-off point for detecting volatility forecast 

effects from the allocation weightings. 
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Table 3 

Predictive regression of realized volatility on allocation weightings. 

�2/10Z1R/ 6  � 
  

]a21C)PÂ)Y[CC)Qa\RC1)R10*{3)=Y1Ã0[a0| )955; p¼•1R/1\Ã10 )955¬> 
0.0807* * 1.0047* * 0.7422 

(4.54) (11.00)  
   

]a21C)OÂ)]01 -Z0*Q*Q)R10*{3)=Y1Ã0[a0| )955; - P[Ä[Q/ )955Å> 
0.1095* * 0.4114* * 0.4084 

(5.58) (2.65)  
   

]a21C)bÂ)]{Q/ -Z0*Q*Q)R10*{3)=•1R/1\Ã10 )955Å- •1R/1\Ã10 )955¬> 
0.1847* * 0.8126* * 0.7485 

(3.30) (4.70)  

The table reports results of regression tests of volatility forecasts. The predictive regression is, 

���� � ? � L ( M)6 � ( N �  

where ����  is the realized volatility and 6  is the allocation weighting. / -values associated with the 

coefficients are in parentheses. The forecasting horizon is one month. There are 44 observations for the 

full sample period as well as 31 and 13 for the pre- and post-crisis periods, respectively. 
* Significance of / -statistics at 5% level. 
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Table 4 
Distribution of bid-ask spreads in the volatility derivatives markets. 
Bid-Ask Spread     VIX futures     VT futures  10% OTM VIX calls 10% OTM SPX puts 
 ]a21C)PÂ)Y[CC)Qa\RC1)R10*{3)=Y1Ã0[a0| )9:  955; - •1R/1\Ã10 )¬ 955¬> 
N  892 892 892 892 
      
M Point  0.11   53.54   0.22   0.99  
 $  110   2,677   22   99  
 Q7   0.50   8.93   9.26   42.61  
      
Mdn Point  0.09   20.00   0.15   0.50  
 $  90   1,000   15   50  
 Q7   0.50   4.50   6.22   52.33  
      
Maximum Point  1.55   500.00   1.60   15.00  
 $  1,550   25,000   160   1,500  
 Q7   6.09   9.42   10.32   52.63  
      
Minimum Point  0.01   2.00   0.05   0.05  
 $  10   100   5   5  
 Q7   0.05   0.70   2.95   7.84  
      
SE Point  0.11   68.13   0.19   1.48  
 $  110   3,407   19   148  
 Q7   0.42   5.64   7.14   36.05  
      
Skewness Point  4.70   2.16   2.67   4.21  
 $  5   2   3   4  
 Q7   3.76   1.65   3.22   1.42  
      
Kurtosis Point  43.87   8.78   13.32   28.41  
 $  44   9   13   28  
 Q7   38.63   6.38   18.93   4.45  
      
]a21C)OÂ)]01 -Z0*Q*Q)R10*{3)=Y1Ã0[a0| )9:  955; - •1R/1\Ã10 )&9 955Å> 
N  643 643 643 643 
      
M Point  0.09   17.86   0.17   0.57  
 $  93   893   17   57  
 Q7   0.55   8.16   9.97   48.32  
      
Mdn Point  0.08   15.00   0.15   0.40  
 $  80   750   15   40  
 Q7   0.50   10.66   9.04   72.31  
      
Maximum Point  1.55   75.00   0.90   4.80  
 $  1,550   3,750   90   480  
 Q7   6.09   25.35   7.53   27.91  
      
Minimum Point  0.01   2.00   0.05   0.05  
 $  10   100   5   5  
 Q7   0.05   0.70   2.95   8.05  
      
SE Point  0.09   8.11   0.11   0.62  
 $  90   405   11   62  
 Q7   0.45   4.80   7.87   37.71  
      
Skewness Point  7.67   2.03   1.72   2.94  
 $  8   2   2   3  
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 Q7   3.77   1.56   2.95   1.24  
      
Kurtosis Point  113.23   12.18   8.66   14.47  
 $  113   12   9   14  
 Q7   37.96   5.83   16.15   3.85  
       
]a21C)bÂ)]{Q/ -Z0*Q*Q)R10*{3)=•1R/1\Ã10 )&8 955Å- •1R/1\Ã10 )¬ 955¬> 
N  249 249 249 249 
      
M Point  0.15   145.70   0.35   2.05  
 $  153   7,285   35   205  
 Q7   0.37   10.93   7.43   28.44  
      
Mdn Point  0.10   125.00   0.30   1.20  
 $  100   6,250   30   120  
 Q7   0.28   18.50   7.17   32.32  
      
Maximum Point  0.99   500.00   1.60   15.00  
 $  990   25,000   160   1,500  
 Q7   1.75   9.42   10.32   52.63  
      
Minimum Point  0.01   5.00   0.05   0.05  
 $  10   250   5   5  
 Q7   0.02   0.73   6.06   7.41  
      
SE Point  0.14   68.40   0.27   2.27  
 $  143   3,420   27   227  
 Q7   0.29   7.01   4.29   26.80  
      
Skewness Point  2.32   1.59   1.62   2.59  
 $  2   2   2   3  
 Q7   2.45   1.32   3.34   2.08  
      
Kurtosis Point  9.66   8.06   6.15   11.89  
 $  10   8   6   12  
 Q7   11.17   4.80   21.57   7.30  
This table provides summary statistics for the bid-ask spread (OP) of volatility contracts. To reconcile the 
multiplier divergence among various volatility contracts, dollar OP and the percentage quoted spread are 
also calculated. The study measures the percentage quoted spread as Q=/>7 � &55 S OP=/><R=/>, where 
R=/> indicates the day-/  settlement prices of VIX and VT futures or the midpoints of SPX puts and VIX 
calls. Descriptive statistics are reported based on the entire sample period (February 24, 2006�.September 
9, 2009) as well as pre- and post-crisis sub-periods (i.e., 24 February 2006�.12 September 2008 and 15 
September 2008�.9 September 2009). 
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Table 5 
Monthly returns for unhedged SPX ETF and LVOLH hedged portfolios 
ÆÇÈÉÊ)ËÂÌÍÈÎÏÊÐ )ÑÉÎÒÓÈ)ÔÕÖÎÓÕ×ÒÎÕÍÈ 
 ~  W*2 &7  87  &57  W32 ¬57  ¬87  ¬¬7  Waƒ 

 
ØÒÊÊ)ÙÇÚÛÊÉ)=ØÉ×ÓÒÇÓÐ)ÜÝ ÜÞÞß- ÙÉÛÎÉÚ×ÉÓ)à ÜÞÞà> 
á2T13Ä13)•]� )XJY 43 -27.3176  -27.3176  -11.2350  -7.5050  1.0540  4.6114  5.8602  9.9129  9.9129  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ 43 -4.8916  -4.8916  -4.5936  -3.9143  0.5305  2.8805  9.6220  126.3934  126.3934  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ 43 -10.1128  -10.1128  -7.3338  -6.0751  0.7727  3.2038  4.0131  120.8131  120.8131  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ 43 -9.2271  -9.2271  -6.4649  -5.8131  0.8237  3.2879  4.0735  103.2279  103.2279  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ 43 -15.8701  -15.8701  -7.1317  -6.0671  -0.6150  4.1299  6.3230  313.7220  313.7220  
 
ÆÓÉ-âÓÕÖÕÖ)ÛÉÓÕÍã)=ØÉ×ÓÒÇÓÐ)ÜÝ ÜÞÞß- ÙÉÛÎÉÚ×ÉÓ)äÜ ÜÞÞå> 
á2T13Ä13)•]� )XJY 32 -9.1103  -9.1103  -7.0120  -5.9235  1.3383  3.8277  4.4541  5.2913  5.2913  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ 32 -4.8916  -4.8916  -4.6641  -4.2021  0.3995  2.2621  3.9500  4.3951  4.3951  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ 32 -8.5605  -8.5605  -6.6336  -5.7879  0.7737  3.2201  3.7786  4.3569  4.3569  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ 32 -9.2271  -9.2271  -6.7270  -6.2441  0.6987  3.3121  3.8928  4.3241  4.3241  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ 32 -7.3538  -7.3538  -6.9238  -6.0748  -0.6226  3.7223  4.4047  4.4940  4.4940  
 
ÆÍÖÎ-âÓÕÖÕÖ)ÛÉÓÕÍã)=ÙÉÛÎÉÚ×ÉÓ)äæ ÜÞÞå- ÙÉÛÎÉÚ×ÉÓ)à ÜÞÞà> 
á2T13Ä13)•]� )XJY 12 -23.8836  -23.8836  -22.8582  -16.7056  -1.2387  7.8157  9.6133  9.9129  9.9129  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ 12 -3.8795  -3.8795  -3.6993  -2.6178  0.6791  53.8339  122.8433  134.3449  134.3449  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ 12 -10.1128  -10.1128  -9.7040  -7.2512  0.6510  41.3045  119.0151  131.9669  131.9669  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ 12 -5.0794  -5.0794  -5.0705  -5.0171  0.8024  34.7871  99.1149  109.8363  109.8363  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ 12 -15.8701  -15.8701  -14.6643  -7.4295  -0.2205  106.5264  300.1395  332.4083  332.4083  
 

ÆÇÈÉÊ)ç Â)ÑÕÖè)éÏÇÓÇâÎÉÓÕÖÎÕâÖ         
 W    •X  •ê1ë21QQ ¦[0/{Q*Q  7 Waƒ„„  b�a� =¬87 > b�a� =¬¬7 > • � n‡  
 
ØÒÊÊ)ÖÇÚÛÊÉ)ÛÉÓÕÍã)=ØÉ×ÓÒÇÓÐ)ÜÝ ÜÞÞß- ÙÉÛÎÉÚ×ÉÓ)à ÜÞÞà> 
á2T13Ä13)•]� )XJY -0.9157 6.3350  -1.8330  8.3519  616.2748  -19.6657  -28.7716  -3.0847  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ 3.2343 19.5929  5.9839  38.0733  299.0536  97.9652  209.9187  4.3561  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ 1.9717  18.9111  5.9532  38.0291  326.6880  91.6402  197.1330  4.1363  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ 1.6505  16.2191  5.8892  37.5164  313.3851  76.2824  164.0296  3.6352  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ 6.1256  48.2188  6.2463  40.3695  301.2663  266.8934  575.0133  9.3288  



49 

         
ÆÓÉ-âÓÕÖÕÖ)ÛÉÓÕÍã)=ØÉ×ÓÒÇÓÐ)ÜÝ ÜÞÞß- ÙÉÛÎÉÚ×ÉÓ)äÜ ÜÞÞå> 
á2T13Ä13)•]� )XJY -0.2547 3.9521  -0.6204  2.1433  322.0689  -8.8991  -10.5164  -0.8246  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ -0.1870  2.4747  -0.3339  2.3992  299.0536  -5.4441  -6.5940  -0.3425  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ -0.6485  3.5803  -0.6179  2.1095  326.6880  -8.4621  -9.8957  -0.8549  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ -0.8723  3.6271  -0.5603  2.2136  313.3851  -8.7765  -10.3371  -0.8598  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ -1.1296  3.6846  -0.1334  1.7204  301.2663  -8.3189  -9.2040  -0.4623  
         
ÆÍÖÎ-)âÓÕÖÕÖ)ÛÉÓÕÍã)=ÙÉÛÎÉÚ×ÉÓ)äæ ÜÞÞå- ÙÉÛÎÉÚ×ÉÓ)à ÜÞÞà> 
á2T13Ä13)•]� )XJY -2.2985  9.5164  -0.9576  3.2745  1049.9530  -25.0769  -31.2249  -2.9069  
����¸ )��� )+[/[01Q )T13Ä13)R{0/+{C*{ 12.7733  38.7267  2.9014  9.6448  102.8877  35.5745  111.0506  100.5345  
����¸ )�J )+[/[01Q )T13Ä13)R{0/+{C*{ 9.7474  38.6783  2.9613  9.9017  107.6631  35.5771  114.2406  107.1868  
���� )��� )ZaCC)T13Ä13)R{0/+{C*{ 8.8389  31.9150  2.9778  9.9580  104.6245  30.9119  96.7011  90.3497  
����¸ )•]� )R[/ )T13Ä13)R{0/+{C*{ 26.5485  96.4931  2.9956  10.0213  104.7743  95.7566  297.5098  276.9426  
The table analyzes monthly returns on two portfolios, the ìíîïðñïð)òóô)õö÷  and the SPX ETF hedged with the ����¸  strategy using a CBOE volatility contract. 
For each of hedged portfolios, the volatility contract could be the VIX futures, VT futures, 10% OTM VIX call options, or 10% OTM SPX put options. The unhedged 
SPX ETF is a portfolio of holding one 100-lot unit of the S&P 500 in dollars. To mitigate the effect of non-normality, Panel B reports several risk measures, including 
the percentage maximum drawdown (7Waƒ„„ ), the conditional Value-at-Risk adjusted for the Cornish-Fisher expansion at 95% and 99% (b�a�=¬87>  and 
b�a�=¬¬7> ), and the risk-adjusted Sharpe ratio (•� n‡ ). The full out-of-sample data period starts from February 24, 2006 to September 9, 2009. The hedging 
performance with/without the Q4 2008 panic period and the Q1-Q3 2009 market rally periods are separately tabulated. 
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Table 6 
Risk-adjusted LVOLH returns 
 
 �2/10Z1R/ W¦J�W  •WO ¸W�  W�W  ��¹  ��]  ¶•¦X·  ¶����  ]JY••J¦  JX„  •]�XP„  �� 
  

                          Panel A: Full sample period (February 2006�a�a�a�a September 2009) 
             1.6009 -0.1872 -0.1124 0.3459 0.0489 0.2605 1.4927***  0.5326* 0.1044**  0.3259**  0.0863**  0.2370 0.5390 

(0.78) (-0.51) (-0.27) (0.84) (0.34) (1.38) (3.39) (1.90) (1.98) (2.42) (2.08) (1.13)  
             

Panel B: Pre-crisis period (February 2006-August 2008) 
             0.9815* 0.7074***  0.2671**  -0.5351***  -0.1011 0.8770***  0.0879 -0.0163 -0.0080 -0.0031 -0.0147***  -0.0177 0.6613 

(1.85) (9.47) (2.11) (-3.35) (-1.43) (2.79) (1.06) (-0.21) (-0.42) (-0.17) (-2.75) (-0.80)  
             

Panel C: Post-crisis period (September 2008-September 2009) 
             2.1923 -0.2063 -2.1730 0.5440 0.0861 -0.0589 1.4621***  2.7960***  1.250***  0.3974* 0.1027**  0.9108 0.7095 

(0.14) (-0.17) (-1.19) (0.03) (0.10) (-0.07) (2.76) (3.71) (3.72) (1.88) (2.05) (1.26)  
 
This table reports risk-adjusted LVOLH returns from the following panel regression: 

0K � � L ( M � W¦J�W � ( M 
 •WO� ( M ¤¸W� � ( M£W�W � ( M � ��¹ � ( M ¢��] � ( M º ¶•¦X· � ( M»¶���� � ( M ¼]JY••J¦ � ( M �%JX„ � ( M �� •]�XP„ K � ( N K � 
where 0K � is the excess return of LVOLH portfolio * in month / ; MKTRF, SMB, HML are the Fama and French (1993) three factors; MOM indicates the Cahart 
(1997) momentum factor; LIQ denotes the PŒµstor and Stambaugh (2003) liquidity factor; VRP is the volatility risk premium; ¶òøõù  is the change in perceived tail 
risk; ¶úúûô is the change in the volatility of VIX; PTFSSTK represents the excess return of Fung and Hsieh (2001) lookback straddle on stock indices; TED spread is 
calculated by subtracting the interest rate on treasury bills from the three-month dollar LIBOR; and •]�XP„ K is the percentage bid-ask spread of the volatility 
contract *. / -values are in parentheses. The full sample period (February 2006-September 2009) is further divided into the pre-crisis period (February 2006-August 
2008) and the post-crisis period (September 2008-September 2009). 
*** , **  and * indicate significance of / -statistics at 1%, 5% and 10% levels, respectively. 
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Panel A. Time series of VIX and the S&P 500 index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Panel B. Time series of one-month historical volatility and the S&P 500 index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Financial turmoil (SPX market downturn) against investor sentiment (VIX) and market volatility 
(���� ). ����  at time /  refers to one-month historical volatility, calculated as 100 multiplied by the 
square root of annualized mean-square SPX returns over / -22 trading days to / -1 trading days. Panel A 
(B) plots trading dates versus VIX (���� ) with y-axis labeling on the left (solid line) and versus SPX 
with y-axis labeling on the right (dotted line).  
 
 
 
 
 

0

50

100

R
V

O
L

Gulf War I ®  
Asian Financial Crisis ®

Russian Default/LTCM ®
Dot-Com Bubble ®

9-11 ®

¬  Gulf War II

¬  Subprime Mortgage

Lehman Brothers ®  ¬ Greek Crisis

19900102 19921207 19951114 19981022 20011009 20040921 20070904 20100813
0

1000

2000

S
P

X

Trading Date



52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Spot VIX versus VIX futures of various maturity months across time. The subplot of each contract 
month for VIX futures plots trading dates versus VIX futures prices with a solid line and versus spot VIX 
with a dotted line.  
 
 
  



53 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Cumulative dollar P&Ls of the SPX ETF and VIX futures. The rolling strategy covers the period 
from February 24, 2006 to September 9, 2009. SPX ETF is valued at approximately 1/10th the value of 
the SPX and typically tend to be transacted in 100-lot (or round-lot) increments. The contract size of VIX 
futures is $1,000 times the VIX. “b[\[Ca/*ü1)]^� cKdef� ( ZaQT” is the accumulation of the security 
asset and cash balance accounts of VIX futures. The fourth subplot plots trading dates versus cumulative 
P&L of a 100-lot unit of SPX ETF (dotted line) with y-axis labeling on the left, and versus cumulative 
P&Ls of VIX futures and the cash account (solid line) with y-axis labeling on the right.   
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Fig. 4. Cumulative dollar P&Ls of the SPX ETF and VT futures. The rolling strategy covers the period 
from February 24, 2006 to September 9, 2009. SPX ETF is valued at approximately 1/10th the value of 
the SPX and typically tend to be transacted in 100-lot (or round-lot) increments. The contract multiplier 
for the VT futures is $50 per variance point. “Z[\[Ca/*ü1)]^� !? ( ZaQT” is the accumulation of the 
security asset and cash accounts of VT futures. The fourth subplot plots trading dates versus cumulative 
P&L of a 100-lot unit of SPX ETF (dotted line) with y-axis labeling on the left, and versus cumulative 
P&L of VT futures and the cash account (solid line) with y-axis labeling on the right.   
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Fig. 5. Cumulative dollar P&Ls of the SPX ETF and 10% out-of-the-money VIX calls. The monthly 
rolling strategy covers the period from February 24, 2006 to September 9, 2009. SPX ETF is valued at 
approximately 1/10th the value of the SPX and typically tend to be transacted in 100-lot (or round-lot) 
increments. One point of VIX options equals $100. “Z[\[Ca/*ü1)]^� cKdmn��( ZaQT” is the accumulation 
of the security asset and cash accounts of SPX puts. The fourth subplot plots trading dates versus 
cumulative P&L of a 100-lot unit of SPX ETF (dotted line) with y-axis labeling on the left, and versus 
cumulative P&Ls of VIX calls plus the cash account (solid line) with y-axis labeling on the right.  
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Fig. 6. Cumulative dollar P&Ls of the SPX ETF and 10% out-of-the-money SPX puts. The monthly 
rolling strategy covers the period from February 24, 2006 to September 9, 2009. SPX ETF is valued at 
approximately 1/10th the value of the SPX and typically tend to be transacted in 100-lot (or round-lot) 
increments. One point of SPX options equals $100. “Z[\[Ca/*ü1)]^� qrdrf� ( ZaQT ” is the 
accumulation of the security asset and cash accounts of SPX puts. The fourth subplot plots trading dates 
versus cumulative P&L of a 100-lot unit of SPX ETF (dotted line) with y-axis labeling on the left, and 
versus cumulative P&Ls of SPX puts plus the cash account (solid line) with y-axis labeling on the right.  
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Fig. 7. The mark-to-market value of SPX ETF and the pre-defined volatility hedging capital allocations 
for the LVOLH strategy. The hedging exercise covers the period from February 24, 2006 to September 9, 
2009. SPX ETF is valued at approximately 1/10th the value of the SPX and typically tend to be transacted 
in 100-lot (or round-lot) increments. The two subplots plot trading dates versus the mark-to-market 
(MTM) value of a 100-lot unit of SPX ETF (dotted line) with y-axis labeling on the left, and versus 
pre-defined weightings and the volatility hedging capital allocations in dollars set forth in Table 1 for the 
LVOLH strategy with y-axis (solid line) labeling on the right. The mark-to-market value of the ETF 
portfolio times each of weights ë  divided by =& - ë>  is the allocated hedging capital to the volatility 
instruments. 
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Panel A. Mark-to-market value of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Panel B. Monthly return distribution of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Out-of-sample VIX futures portfolio using the LVOLH strategy. The ETF lines in Panel A are the 
unhedged mark-to-market of holding one 100-lot unit of SPX ETF. The MTM lines are the 
mark-to-market values of the hedged portfolio by adopting a LVOLH strategy with the VIX futures. The 
rolling strategy covers the full sample period from February 24, 2006 to September 9, 2009, and the 
period with the Q4 2008 panic period and the Q1-Q3 2009 market rally periods excluded (denoted 
“XƒZC[3*2Ä)YaCC)955Å”). The histograms of monthly returns on the unhedged vs. hedged portfolios are 
presented in Panel B. Each of the graphs is plotted across the full sample period and the 
“XƒZC[3*2Ä)YaCC)9558” period. 
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Panel A. Mark-to-market value of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Panel B. Monthly return distribution of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Out-of-sample VT futures portfolio using the LVOLH strategy. The ETF lines in Panel A are the 
unhedged mark-to-market of holding one 100-lot unit of SPX ETF. The MTM lines are the hedged 
mark-to-market by adopting a LVOLH strategy with the VT futures. The rolling strategy covers the full 
sample period from February 24, 2006 to September 9, 2009, and the period with the Q4 2008 panic 
period and the Q1-Q3 2009 market rally periods excluded (denoted “XƒZC[3*2Ä)YaCC)955Å”). The 
histograms of monthly returns on the unhedged vs. hedged portfolios are presented in Panel B. Each of 
the graphs is plotted across the full sample period and the “XƒZC[3*2Ä)YaCC)955Å” period. 
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Panel A. Mark-to-market value of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Panel B. Monthly return distribution of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Out-of-sample OTM VIX call portfolio using the LVOLH strategy. The ETF lines in Panel A are 
the unhedged mark-to-market of holding one 100-lot unit of SPX ETF. The MTM lines are the hedged 
mark-to-market by adopting a LVOLH strategy with the 10% out-of-the-money VIX call options. The 
rolling strategy covers the full sample period from February 24, 2006 to September 9, 2009, and the 
period with the Q4 2008 panic period and the Q1-Q3 2009 market rally periods excluded (denoted 
“XƒZC[3*2Ä)YaCC)955Å”). The histograms of monthly returns on the unhedged vs. hedged portfolios are 
presented in Panel B. Each of the graphs is plotted across the full sample period and the “XƒZC[3*2Ä)YaCC 
2008” period. 
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Panel A. Mark-to-market value of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Panel B. Monthly return distribution of unhedged vs. hedged portfolios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Out-of-sample OTM SPX put portfolio using the LVOLH strategy. The ETF lines in Panel A are 
the unhedged mark-to-market of holding one 100-lot unit of SPX ETF. The MTM lines are the hedged 
mark-to-market by adopting a LVOLH strategy with the 10% out-of-the-money SPX put options. The 
rolling strategy covers the full sample period from February 24, 2006 to September 9, 2009, and the 
period with the Q4 2008 panic period and the Q1-Q3 2009 market rally periods excluded (denoted 
“XƒZC[3*2Ä)YaCC)955Å”). The histograms of monthly returns on the unhedged vs. hedged portfolios are 
presented in Panel B. Each of the graphs is plotted across the full sample period and the 
“XƒZC[3*2Ä)YaCC)955Å” period. 
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Fig. 12. Average monthly returns of four LVOLH portfolios in five different S&P 500 index equity 
market states. The data period is from February 24, 2006 to September 9, 2009. 
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