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Historical Volatility 



Classical Estimator 
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Move-Based Estimator 

For option pricing, a volatility 

estimate should reflect the cost 

of hedging 

 

Hedge according to spot moves 

(move based) better than hedge 

at fixed times (time based) 



OHLC 

ÁCommonly available data are Open, High, Low, and Close Prices 

ÁWe denote the log of each by O, H, L, and C respectively 

ÁThere are several estimates using the OHLC prices that improve 
upon the efficiency of the standard close-to-close estimator 
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Hi-Lo Estimates 

ÁParkinson : 
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ÁGarman-Klass :  
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ÁRogers-Satchell  (Drift Free Estimator): 
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ÁYang-Zhang  (Includes Overnight): 
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The Uncertainty of the Night 

ÁTo compare with the classical estimate Вὅ ὅ , we 

should include overnight volatility Вὕ ὅ  

 



Buté 

ÁHigh-Low Estimators are less useful 

than the classical one because they 

cannot be traded 

 

ÁHighs and Lows are always observed 

after the fact 

 

ÁHoweveré we introduce a tradable 

estimator 



Averaging Down 

Á Buy more of the stock every time it 
breaks its min: 

ÅAt t, hold Ὓ ά  

ÅIf no gap, average price =  
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Averaging Down 

Á Buy more of the stock every time it 
breaks its min: 

ÅAt t, hold  Ὓ ά  

 

ÅIf no gap, average price P: 
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A New Estimator 

Á From this we obtain a symmetrized 

estimator: 
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Á We compare a lognormal version of 

this to the other estimators 



Comparison of Estimators 



Fair Skew 



P&L from Delta hedge 



Can you guess the securities from their skews? 

Crude Oil, Gold, S&P 500, VIX 



Can you guess the securities from their skews? 

S&P 500 VIX 

Gold Crude Oil 



How correct is the market skew? 

ÅVery simple test: 

ÅBuy an option of a strike K 

ÅPay the premium 

ÅDelta hedge daily 

ÅCollect the pay-off if any 

ÅCompute P&L (K) 

 

Premium and ȹ are computed with the initial IV of this strike 

 

Repeat for a range of moneyness and average over several 

periods 



A Primer on Delta Hedging 

Stock Price 

Call Price 
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A Primer on Delta Hedging 

Stock Price 
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A Primer on Delta Hedging 
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A Primer on Delta Hedging 
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Gold 

 



Gold ï period right after 



SPX 



IBM  

 



Fair Skew 

ÁFor securities with illiquid or no options market what should 

be the fair value of options? 

 

ÁHow can we obtain the volatility surface for a security from 

just the historical time series of prices? 

 

 

 

 

 

ÁCan fair skew computation be useful even for securities 

where options are available? 

 

 

 



Fair Skew 

ÁIf we can compute the fair skew, we can answer the following questions  

 

ÁHow to efficiently implement historical/implied vol arbitrage 

 

ÁAre the strong index equity skews justified? 

 

ÁWhat should be the pattern of implied volatilities for options on illiquid 

currency pairs? 

 

ÁSame question for swaptions, options on commodities spreads, etc 

 



Fair Skew Methods 

ÁBreak Even Volatility 

ÁDelta Hedge 

ÁGamma Weighted Average 

 

ÁFrom Local Vols   

ÁUsing forward PDE 

ÁUsing harmonic mean approach 

 

 



Break Even Volatility (BEV) 

ÁIf we sell an option for a premium corresponding to some 
volatility  

 

ÁAnd perform delta-hedge computed with the same volatility  

 

ÁWe end up with a profit and loss that depends on „ : P&L(„) 

 

ÁThe „ that sets this P&L to zero is called the Break-Even 
Volatility 
 

 

 



BEV1 - Delta Hedge P&L 

ÁP&L from delta hedging is given by 
 

ὖǪὒ„ ὧ ὧ Ў Ὓ Ὓ  

ÁN = number of time steps  

ÁcN = call price at maturity  

Ác0 = Black-Scholes call price at time 0 

Áɝ = Black-Scholes delta  

 

ÁShould be computed using root-finding algorithm or fixed point 
iterations 



BEV2 ï Gamma Weighted 

Average 

ÁP&L from the continuously delta hedged option  is given by  

᷿ ɜὛ „ „ Ὠό                       

 

Áwhere „Ô is the instantaneous realized volatility at time t 

 

ÁSo we need to solve for „* in the below equation  
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ÁɜὭ in the above equation is a function of ů (hence need to 
solve it iteratively) 



BEV2 ï Gamma Weighted 

Average 

 

ÁSolution to the above equation: 
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ÁBEVs for different strikes are averages of the same returns but 

weighted with different schemes 

 

ÁThe weighting scheme gives more importance to the returns 

corresponding to a price level close to the strike 



BEV2 visualization 

 

 

 

Å BEV for one strike is linked to  

Å the quadratic average of the returns (vertical 

peaks)  

Å weighted by the gamma of the option 

(surface with the grid) corresponding to that 

strike. 


