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G O A L :  I N T U I T I O N  F O R  V O L AT I L I T Y

• Where it comes from 

• Common applications 

• Real-world example

W H AT  W I L L  W E  R E M E M B E R ?



I D E A  # 1  
B L A C K - S C H O L E S  M O D E L



O P T I O N S

• Right to buy or sell at a given price, for some time 

•

P O S S I B L E  P R O F I T S

I N S U R A N C E

O P T I O N S

• Everyday examples: Pre-orders, coupons, insurance, 
warranty...



W H AT  S H O U L D  O P T I O N S  C O S T ?

• Historically: contracts traded individually, over the counter 

• How much should you pay? Which factors matter? 

• Pricing car insurance based on:

VA R I A B L E Sensitivity of value

C A R  A G E ?

C A R  VA L U E ?

Y O U R  A G E ?

Y O U R  R I S K  FA C T O R S ?

P O L I C Y  C O V E R A G E ?



O P T I O N S  VA L U E  ~  H E AT  T R A N S F E R  +  R A N D O M  M O T I O N

https://www.mathworks.com/matlabcentral/fileexchange/42604-finite-difference-method-to-solve-heat-diffusion-equation-in-two-dimensions 
https://stanfordphd.com/Brownian_Motion.html

https://www.mathworks.com/matlabcentral/fileexchange/42604-finite-difference-method-to-solve-heat-diffusion-equation-in-two-dimensions


B L A C K - S C H O L E S  M O D E L

VA R I A B L E Sensitivity of option value ("Greeks")

S T R I K E  P R I C E Fixed during contract

S T O C K  P R I C E Delta, Gamma

V O L AT I L I T Y Vega

I N T E R E S T  R AT E Rho

T I M E  L E F T Theta

https://tradeoptionswithme.com/black-scholes-explained/

W H AT  D E T E R M I N E S  O P T I O N S  P R I C E ?



I D E A  # 2  
R O L E  O F  V O L AT I L I T Y  &  T I M E



W I L L  A N  O P T I O N  B E  P R O F I TA B L E ?

Example options calculator 
(Can we build one?)



W I L L  W E  H I T  A  G I V E N  P R I C E ?

• More vol = more likely 

• More time = more likely 

• Based on Vol × √ Time 

• 4x the time, only 2x the range

Comes from definition of standard deviation. Analogy: Pythagorean theorem adds independent moves: c = √(a^2 + b^2)



V O L AT I L I T Y  A N D  T I M E

I N T R I N S I C

O P T I O N  VA L U E

E X T R I N S I C

I M M E D I AT E  
VA L U E

F U T U R E  
P O T E N T I A L

S T R I K E  P R I C E  
S T O C K  P R I C E

V O L AT I L I T Y  
T I M E

* Ignore interest rate, dividends

E X A M P L E :  S P Y  @  4 0 0  

3 9 0  C A L L  =  1 0  ( I N T R I N S I C )  +  F U T U R E  
4 0 0  C A L L  =  0  ( I N T R I N S I C )  +  F U T U R E



I D E A  # 3  
M A K I N G  E S T I M AT E S



P R O B L E M :  W H AT  I S  F U T U R E  V O L ?

• Future volatility (risk) is unknown 

• Solution: Based on option prices, what volatility is 
implied? 

• Other variables (option price, strike price, stock price, time, interest 
rate) are known. We can solve for the priced-in volatility. 

• Result: expected annual % change (std deviation, sigma) 

• Analogy: based on your car insurance, what's your implied risk?



C B O E  V I X  I N D E X  ( V O L  I N D E X )

• Tracks implied volatility (IV) on SPX options 

• Expressed as annual rate (VIX 24 = 24% standard deviation)  

• Estimate of market sentiment, inversely correlated("fear index")

https://www.macroption.com/vix-calculation/ 
https://www.cboe.com/tradable_products/vix/faqs



M A K I N G  Q U I C K  E S T I M AT E S

R O A D  T R I P S T O C K  P R I C E

S P E E D V O L  ( S TA N D A R D  D E V I AT I O N )

T I M E T I M E

D I S TA N C E  =  S P E E D  X  T I M E
P R I C E  R A N G E  =  

V O L  ×  √  T I M E

E X A M P L E :   

6 0  M P H  F O R  3  H O U R S  =  1 8 0  M I L E S

E X A M P L E :  

T U R N  V O L  I N T O  P R I C E  R A N G E

Example: calculate std. dev of daily (log) returns for the past year.  
https://en.wikipedia.org/wiki/Standard_deviation



R U L E  O F  6 8 - 9 5 - 9 9 . 7

• Percent of values within a 1/2/3 sigma move 

• Example using VIX = 24% (annual)

C H A N C E M O V E
R A N G E  

( 1  Y E A R )
E ^ ( L O W )  
E ^ ( H I G H )

S P Y  @  4 5 0

6 8 % ± 1  S I G M A ± 2 4 %
- 2 1 . 3 %  
+ 2 7 . 1 %

3 5 4  T O  5 7 2

9 5 % ± 2  S I G M A ± 4 8 %
- 3 8 . 1 %  
+ 6 1 . 6 %

2 7 8  T O  7 2 7

9 9 . 7 % ± 3  S I G M A ± 7 2 %
- 5 1 . 3 %  

+ 1 0 5 . 4 %
2 1 9  T O  9 2 4

Exponential growth: 
e^(change) vs 
(1 + change)



C H E C K P O I N T

• Black-Scholes model identifies volatility as a key variable 

• Options Price = Current Value + Future Potential 

• Implied volatility is market's estimate for annual % change



R E A L - W O R L D  A P P L I C AT I O N S  



A P P L I C AT I O N :  D E C AY  C U R V E

• Analogy: Ice cube melting (barely perceptible, then faster) 

• Remember: Vol × √ Time 

• Most decay happens closest to expiration 

• Extra time far away is cheap ("bulk discount")

https://optionalpha.com/learn/theta



A P P L I C AT I O N :  V O L  D R A G

• A is best. Smoother returns = higher gain 

• For identical returns, pick portfolio with less vol

P O R T F O L I O Y E A R  1 Y E A R  2 Y E A R  3 Y E A R  4 AV G T R U E  R E T U R N

A 1 0 % 1 0 % 1 0 % 1 0 % 1 0 %
( 1 . 1 0 ) ^ 4  

=  
4 6 . 4 %  G A I N  

B 5 % 1 5 % 5 % 1 5 % 1 0 %
( 1 . 0 5 ) ^ 2 ( 1 . 1 5 ) ^ 2  

=  
4 5 . 8 %  G A I N

C 0 % 2 0 % 0 % 2 0 % 1 0 %
( 1 . 2 0 ) ^ 2  

=  
4 4 %  G A I N

geometric mean <= arithmetic mean 
geometric mean = arithmetic mean - (std dev)^2/2



A P P L I C AT I O N :  R E A L I Z E D  V S  I M P L I E D

• Theory: Option premiums reflect future variability 

• Practice: People buy more insurance than expected 

• Realized Vol (how market moved) < Implied Vol (risk premiums paid) 

• Analogy: Extended warranties

https://www.tastylive.com/news-insights/implied-vs-realized-volatility



A P P L I C AT I O N :  V O L  S K E W

• Theory: All strikes & times price in same future volatility 

• Practice: People pay more for downside protection 

• Risk aversion, underpriced black swan events/fat tails...

https://www.investopedia.com/terms/v/volatility-skew.asp 
https://www.investopedia.com/articles/stock-analysis/081916/volatility-surface-explained.asp

https://www.investopedia.com/terms/v/volatility-skew.asp


A P P L I C AT I O N :  I V  C R U S H

• With near-term uncertainty, premium for short-term options 

• Long-term options less impacted 

• IV drops after uncertainty passes (interest rate announcement, earnings report, etc) 

• Impacts the time value portion

https://www.tastylive.com/news-insights/implied-vs-realized-volatility



P R I C I N G  E X A M P L E  
( R O U G H  I D E A S  →  F I N E R  D E TA I L )



A P P L I C AT I O N :  P U T / C A L L  PA R I T Y

• Puts/Calls at same strike should have same IV (risk 
estimate) 

• Options, stocks and risk-free returns can synthetically 
model each other 

• Call + PV(Strike Price) = Put + Stock 

• If put/call have different risk, arbitrage: sell high IV, buy lower IV synthetic

https://www.investopedia.com/terms/p/putcallparity.asp 
https://quant.stackexchange.com/questions/7604/does-implied-volatility-vary-for-calls-vs-puts



S C E N A R I O :  4 / 2 8 / 2 3  S P Y  @  4 1 5 . 5 0

??

? ??

?

?

?

W H AT  T R E N D S  S H O U L D  W E  E X P E C T ?



I N T U I T I O N

??

? ??

?

?

?

V O L  S K E W  
L O W E R  S T R I K E  I V  >  H I G H E R  S T R I K E  I V

M O R E  T I M E  
VA L U E  I N  D E C

S A M E  S T R I K E  ~  S I M I L A R  I V



G U T C H E C K

V O L  S K E W

M O R E  T I M E  VA L U E  I N  D E C  
( O N LY  5 X  C O S T  F O R  3 3 X  M O R E  T I M E )   

S I M I L A R  I V  AT  E A C H  S T R I K E



Big Picture Applications Detailed Rules Of Thumb

Intrinsic Value ~ 
Vol × √ Time

Rule Of 
68-95-99.7 

Also: 
Rule Of 16

Summary

betterexplained.com/cboe

I M M E D I AT E  
VA L U E

F U T U R E  
P O T E N T I A L

http://betterexplained.com/cboe


• Slides, links available at betterexplained.com/cboe



A P P E N D I X
CALCULATION OF VOLATILITY

- ANNUAL VOLATILITY CALCULATION HTTPS://WWW.INVESTOPEDIA.COM/ASK/ANSWERS/021015/HOW-CAN-YOU-CALCULATE-VOLATILITY-EXCEL.ASP, HTTPS://
WWW.FOOL.COM/KNOWLEDGE-CENTER/HOW-TO-CALCULATE-ANNUALIZED-VOLATILITY.ASPX

- HISTORICAL VOLATILITY CALCULATION HTTPS://WWW.INVESTOPEDIA.COM/ARTICLES/INVESTING/102715/COMPUTING-HISTORICAL-VOLATILITY-EXCEL.ASP

- WHY LOG RETURNS? HTTPS://QUANTIVITY.WORDPRESS.COM/2011/02/21/WHY-LOG-RETURNS/

VOLATILITY INDEX (VIX)

- OVERVIEW HTTPS://WWW.5MINUTEFINANCE.ORG/CONCEPTS/THE-VIX-INDEX, HTTPS://WWW.INVESTOPEDIA.COM/TERMS/V/
VOLATILITY.ASP

- CALCULATION HTTPS://WWW.CBOE.COM/TRADABLE_PRODUCTS/VIX/FAQS/, HTTPS://WWW.SPGLOBAL.COM/SPDJI/EN/DOCUMENTS/
RESEARCH/RESEARCH-READING-VIX-DOES-VIX-PREDICT-FUTURE-VOLATILITY.PDF

- RULE OF 16 HTTPS://WORKPLACE.SCHWAB.COM/RESOURCE-CENTER/INSIGHTS/STORY/OPTIONS-VOLATILITY-VIX-SKEW-AND-RULE-16

OPTIONS PRICING

- WHY ARE PUTS SO EXPENSIVE? HTTPS://PAPERS.SSRN.COM/SOL3/PAPERS.CFM?ABSTRACT_ID=375784

RANDOM WALK

- OVERVIEW HTTPS://GALILEO.PHYS.VIRGINIA.EDU/CLASSES/152.MF1I.SPRING02/RANDOMWALK.HTM

- SIMULATIONS HTTP://E.SCI.OSAKA-CU.AC.JP/YOSHINO/DOWNLOAD/RW/GAUSS.SHTML, HTTPS://DEMONSTRATIONS.WOLFRAM.COM/
SIMULATINGTHESIMPLERANDOMWALK/, HTTP://WWW.RPGROUP.CALTECH.EDU/NCBS_PBOC/CODE/
T03_STOCHASTIC_SIMULATIONS.HTML

NORMALIZATION OF STRIKE DISTANCES HTTPS://MOONTOWERMETA.COM/USING-LOG-RETURNS-AND-VOLATILITY-TO-NORMALIZE-STRIKE-DISTANCES/

https://www.investopedia.com/ask/answers/021015/how-can-you-calculate-volatility-excel.asp
https://www.fool.com/knowledge-center/how-to-calculate-annualized-volatility.aspx
https://www.investopedia.com/articles/investing/102715/computing-historical-volatility-excel.asp
https://quantivity.wordpress.com/2011/02/21/why-log-returns/
https://www.5minutefinance.org/concepts/the-vix-index
https://www.investopedia.com/terms/v/volatility.asp
https://www.cboe.com/tradable_products/vix/faqs/
https://www.spglobal.com/spdji/en/documents/research/research-reading-vix-does-vix-predict-future-volatility.pdf
https://workplace.schwab.com/resource-center/insights/story/options-volatility-vix-skew-and-rule-16
https://papers.ssrn.com/sol3/Papers.cfm?abstract_id=375784
https://galileo.phys.virginia.edu/classes/152.mf1i.spring02/RandomWalk.htm
http://e.sci.osaka-cu.ac.jp/yoshino/download/rw/gauss.shtml
https://demonstrations.wolfram.com/SimulatingTheSimpleRandomWalk/
http://www.rpgroup.caltech.edu/ncbs_pboc/code/t03_stochastic_simulations.html
https://moontowermeta.com/using-log-returns-and-volatility-to-normalize-strike-distances/


B O N U S  F O R M U L A :  R U L E  O F  1 6

• Yearly Vol = Daily Vol × √ 252 trading days 

• Daily vol ~ Yearly vol / 16 

• Example: 

• VIX = 24 (24% annual vol) 

• Daily vol = 24 / 16 = 1.5% 

• This is a 1 std deviation (sigma, σ) move



A P P L I C AT I O N :  M O D E L  A S S U M P T I O N S

• Black-Scholes model: If assumptions change, volatility arbitrage (vol arb) may occur 

• Buy low / sell high the implied volatility, not asset price 

• Vega (value change from a vol change) 

• Strategies can be positive, neutral, negative 

• If IV rises enough, both puts and calls can increase in value! 

• Or: sudden options demand driving up IV

https://quant.stackexchange.com/questions/7604/does-implied-volatility-vary-for-calls-vs-puts 
https://quant.stackexchange.com/questions/55545/implied-vol-smile-from-calls-puts-or-both 

https://www.cfainstitute.org/en/research/financial-analysts-journal/2021/volmageddon-failure-short-
volatility-products

M O D E L  PA R A M E T E R M O D E L  A S S U M P T I O N

TA X E S N O N E

D I V I D E N D S N O N E  

I N T E R E S T  R AT E F I X E D

T R A D I N G C O N T I N U O U S

P R I C E  C H A N G E R A N D O M  W A L K ,  C O N S TA N T  V O L

R E T U R N S N O R M A L  D I S T R I B U T I O N

https://quant.stackexchange.com/questions/7604/does-implied-volatility-vary-for-calls-vs-puts
https://quant.stackexchange.com/questions/55545/implied-vol-smile-from-calls-puts-or-both


A P P L I C AT I O N :  M E A N  R E V E R S I O N

Historically, VIX returns to baseline level after events

Image source: https://seekingalpha.com/article/4374089-backtesting-discrete-volatility-model-for-trading-vxx-comparison-of-disvol-models

https://seekingalpha.com/article/4374089-backtesting-discrete-volatility-model-for-trading-vxx-comparison-of-disvol-models


For today 

• Big-picture overview 

• Build working intuition for vol, 
time, option price 

• See a lot of examples / 
applications 

• Dip toes in technical parts (driving, 
football)

A N A L O G Y Tell me what it's like

D I A G R A M Help me visualize it

E X A M P L E Allow me to experience it

P L A I N  E N G L I S H Describe it with everyday words

T E C H N I C A L Discuss the formal details

ADEPT Method



A P P L I C AT I O N :  V O L  D R A G

(return is year-over-year change)

P O R T F O L I O Y E A R  1 Y E A R  2 Y E A R  3 Y E A R  4
A R I T H M E T I C  
M E A N  ( AV G )

A 1 0 % 1 0 % 1 0 % 1 0 % 1 0 %

B 5 % 1 5 % 5 % 1 5 % 1 0 %

C 0 % 2 0 % 0 % 2 0 % 1 0 %


