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Random walks produce normal distributions...

At each node, the
probability of moving
(right) or (left) is equal
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Standard Normal Distribution: Mean & Standard Deviation

Normal distributions are symmetrical
Described by mean & standard deviation
Mean = price (or forward)
Standard Deviation = volatility

The mean, median and mode are equal- and exist in the center of the distribution.
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Visualizing different distributions...

Low Volatility High Volatility
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Visualizing different distributions...

Low Volatility “Average” Volatility

SPX 2017 (6.8% Avg 30D HVOL) SPX 2018 (14.5% Avg 30D HVOL)
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Visualizing different distributions...

High Volatility

SPX 2020 (27.9% Avg 30D HVOL)
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From distributions to dollars...

Higher volatility = wider distribution of terminal outcomes

As volatility increases, the range of possible prices at expiration
grows... 

Options on every strike become more valuable, since expected
payoffs grow in both

magnitude (distance from mean) and 
frequency (proportion of “in-the-money” outcomes)



Given a standard normal distribution-

~68.3% of all outcomes fall within 1 SD of the mean

~95.4% of all outcomes fall within 2 SD of the mean

~99.7% of all outcomes fall within 3 SD of the mean

Standard deviations are additive

The mean of a distribution is the forward price (no arb).

The standard deviation is the volatility (σ)*
σ = 1 st. dev price change (%) over 1y (annualized)
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Mean and Standard Deviation describe normal distributions.
Recall...



Volatility (σ) is always going to be an annualized number in our context (like an interest rate).

While interest rates are proportional to time...

...volatility is proportional to the square root of time.
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Scaling Volatility for Time...

Example approximating the number of trading days in a year to back into an implied daily 1SD change



Have you ever heard anyone refer to “vol performing” or “underperforming”?

Implied volatility levels can be used to evaluate an option’s *performance*
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Volatility and Observed Price Changes...



Black Scholes is a “continuous time” model, 
compounding both UP and DOWN percentage changes to the asset continuously at the annualized volatility

When these changes are normally distributed, this produces a lognormal distribution...
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Lognormal Distributions...

Skew emerges-

Greater right tail than left 
(0-boundary vs. compounding)

Mean is now to the right of the peak
(mode)
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Lognormal Distributions...

...is this consistent with observed option pricing?
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Interpreting Volatility...
Realized Volatility (RV, RVOL, “Realized Vol”, HVOL, “Historical Vol”)
...is the annualized standard deviation of percent price changes of an underlying contract over
some period of time (usually logarithmic price changes)

Realized Volatility should specify both the interval & number of intervals
30-Day Historical Volatility | Interval = Daily, #Intervals = 30
52-Week realized vol | Interval = Weekly, #Intervals = 52

Implied Volatility (IV, IVOL, “Implied Vol”, “vol”)
...is derived from (or “backed out of”) the market price of an option, and represents what the
equilibrium expectation is for the future realized volatility of that option over its life.

This is how MMs price options in practice... 

Every option price (especially traded price) is information

Start with actual observations and use interpolation to “fill in” the volatility surface...

“Easy” in deep, liquid, & (especially) transparent markets. 
Not so easy when the market is illiquid- and trading is your only real source of information
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On Changes in Implied Volatility...
Greatest “dollar for dollar” change is always AT-THE-MONEY (peak Vega)

Greatest “percentage” change happens with OUT-OF-THE-MONEY options

This is mostly a function of premiums, as Natenberg explains it
The smaller denominator is the main point behind Natenberg’s explanation- but I’d caution
against this line of thought... why?

Implied Volatility changes have greater impacts on longer-dated options



Next up...
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