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(Greeks

e A Greek RISK MEASURE should not be thought of as a

single number

e Rather, a range of numbers to be examined in different
buckets and

e Under different scenarios
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Delta

e Delta is the first partial derivative of an option with respect to the
price of the underlying.

e Usually the first thing we want to control.
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CALL DELTA; STRIKE=100
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CALL DELTA VERSUS TIME FOR OTM, ATM, ITM

Stock Price =100

—strike=90
— ctrike=100
— ctrike=110
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CALL DELTA VERSUS TIME AND STOCK PRICE
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(zamma

e (Gamma is the second partial derivative of an option with
respect to the price of the underlying.

o It is the first partial derivative of the option with respect to
the underlying price.
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Gamma (contd.)

Taking the derivative of delta with S, we get

_N'Wd)
i

Note that the Gamma of a European call and Put are the
same.

Often, we want to make a portfolio delta and gamma
neutral. In this case, we first neutralize for gamma and
then delta. For making delta, gamma and vega neutral,
solve a system of linear equations. At least two options
needed.
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CALL GAMMA: STRIKE=100
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CALL GAMMA VERSUS TIME FOR OTM, ATM, ITM

Stock Price =100 SR

Volatil Feo* — gtrike=100
— strike=110
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Theta

Rate of change of option price w.r.t. time.

Expression

Call Theta:

Put Theta:
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CALL THETA vs STOCK PRICE

STRIKE=100
T= 3 months
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CALL THETA VERSUS TIME FOR OTM, ATM, ITM

Stock Price =100
Volatility=60%

—s(rike=90
— ctrike=100
— strike=110
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Vega

e Vega is the partial derivative of an option with respect to
the underlying’s price.

Se T p(d)VT = Ke " p(d )Vt
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CALL VEGA vs STOCK PRICE

STRIKE = 100
T = 3 months
Volatility = 30%
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CALL VEGA VERSUS TIME FOR OTM, ATM, ITM

WSS Stock Price =100

== strike=100 Volatility=30%
e strik@=110
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CHARM

Charm or Delta Decay is rate of change of delta with time

—qe” " (d,)
Call charm i 2(r — )t — dyovT
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Put charm i 1 i
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2T0VT
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CALL charm; STRIKE=100
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COLOR

Charm or Delta Decay is rate of change of delta with time

d 2(r—qg)t —d,oVT
- @(dy) Ir 41 4 (r—q) 2 \/—d1
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CALL COLOUR ( gamma decay with time); STRIKE=100
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SPEED

Speed or Gamma Decay is rate of change of gamma with the
underlying.
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CALL SPEED; STRIKE=100
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VOLGA

Volga, or Vomma, is the Vega-gamma; the second order partial
derivative of an option with respect to volatility.
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VANNA

Vanna is the partial derivative of Delta with respect to Volatility
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Taylor series expansion and P & L
Attribution

Suppose you have a portfolio of options, IT
Assume it has options one one stock, S and

that volatility for all the options is ©
ol'l ol'l 1 0°TI 1 0°I1 o°Tl

dll=—6s+—08t+———08s" + ———081* +
dy os 2 Os 2 ot dsot

O0SOt + .....

dH:A.55+95t+%y552 RN

when terms of orders higher than Ot are ignored.

If we assume that volatility can change,
|
dII=A.65+0 6t + 5}/552 +KOO+ o,

Changes in portfolio values are attributed to the A,y,0,kand the changes
in S and
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How do Delta, Theta and Gamma relate to
each other

Consider European call on a non-dividend paying stock.
we know that
oC dC 10'5s°9°C

SosdHe L R h R —=rC
ot ds 2 Os

This is just the famous Black-Scholes-Merton equation.

~aC oC o’C

P Os”

since  QP=— , A=
ot s

1
9+rsA+562s2y=rC

If A is zero,you can see that 6 and are in y opposite
directions.
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