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Module 8.5

Static Risk Measures 
GBM-Based Compound 
Option Valuation Models
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Overview
nReview COVM model
nDerive delta, gamma, and theta
nExplore sensitivities with respect to

n Underlying
n Volatility
n Option Yield
n Compound option maturity
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Central Finance Concepts
nDetailed graphical analysis

n Underlying
n Greeks
n CaCall, CaPut, PuCall, and PuPut

nSensitivity to underlying stock price
nSensitivity to volatility
nSensitivity to option yield
nSensitivity to compound option maturity
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Underlying Instrument
nSensitivity to underlying instrument price
nSensitivity to Greeks

n Delta
n Gamma
n Theta
n Vega
n Rho
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Sensitivity to Volatility
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Sensitivity to Option Yield
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Sensitivity to Compound 
Option Maturity
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Quantitative Finance Materials
nReview COVM
nDerivations

n Delta
n Gamma
n Theta
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COVM
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COVM
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Compound OVM (COVM)
nOption on option (Cacall, Caput, Pucall, 
and Puput)
nTwo perspectives related to underlying

n Indirect:
n Direct:
n Same results:
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COD = CODirect S ,t( )
COI = COIndirect O S ,t( ),t⎡⎣ ⎤⎦

COI O S ,t( ),t⎡⎣ ⎤⎦ = COD S ,t( )

35

Computing Greeks
nAnalytic Greeks

n Difficult to derive (time consuming)
n Easy to code
n Minimal machine error
n Fast computational time

nNumerical Greeks
n Fast to code
n Potentially significant machine error
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Delta
nCOVM

nGBMOVM
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R code for numerical delta. Easy to derive, easy to code, but runs slow.

39

Gamma
nCOVM

nGBMOVM
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Theta
nCOVM

nGBMOVM
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ΘCOD
≡ ∂
∂ t
COD S ,t,T1,T2 ,ιC ,ιU( )

= −
σ 2 t( )
2

StBt ,T1,q̂BT1,T2 ,δ N1 ιU
d12 − ρd11
1− ρ2

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
n1 d11( )
σ t ,T1

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
− ιCN1 ιCιU

d11 − ρd12
1− ρ2

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
n1 d12( )
σ t ,T1

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

+ιCιU q̂ t( )StBt ,T1,q̂BT1,T2 ,δN2 ιCιUd11,ιUd12;ιCρ( )
−ιCιUr t( )Bt ,T2 ,r XU N2 ιCιUd21,ιUd22;ιCρ( )− ιCr t( )Bt ,T1,r XCN1 ιCd21( )

ΘO ≡
∂O S ,t,T2( )

∂ t
= ιU δ t( )− q̂ t( )⎡⎣ ⎤⎦StBδ −q̂N ιUd1( )− ιU r t( )− q̂ t( )⎡⎣ ⎤⎦ XBr−q̂N ιUd2( )
−
σ 2 t( )StBδ −q̂

2σ
n d1( )

41

Important Lemmas for Proofs
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dN2 a x( ),b x( );ρ⎡⎣ ⎤⎦
dx

=
dN2 a x( ),b x( );ρ⎡⎣ ⎤⎦

db x( )
db x( )
dx

+
dN2 a x( ),b x( );ρ⎡⎣ ⎤⎦

da x( )
da x( )
dx

∂
∂d21

COD S ,t,T1,T2( ) = 0

∂
∂d22

COD S ,t,T1,T2( ) = 0

42



8

Summary
nReviewed COVM model
nDerived delta, gamma, and theta
nExplored sensitivities with respect to

n Underlying
n Volatility
n Option Yield
n Calendar time
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