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Module 8.1

Static Risk Measures
GBM-Based Binomial Models
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Overview
nReview GBM-Based binomial OVMs
nAddresses both European-style and 
American-style
nExplore five option Greeks
nVariety of plots generated in R
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Central Finance Concepts
nSRMs of GBM BOVM is primarily quantitative
nReview standard GBM-based BOVM 
objectives
nAddress standard Greeks
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GBM-Based BOVM Objectives
nMultiplicative (constant relative volatility)
nRecombining (no exploding lattice)
n Incorporate dividends (escrow method)
nAddress early exercise, if required
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Standard OVM Greeks
nDelta sensitivity to changes in underlying
nGamma delta’s sensitivity to changes in 
underlying
nVega sensitivity to changes in volatility
nTheta sensitivity to changes in time
nRho sensitivity to changes in the interest rate. 
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Quantitative Finance Materials
nReview coherence conditions
nOption Greeks within GBM BOVM

n Delta
n Gamma
n Theta
n Vega
n Rho
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Coherence Conditions
nNo arbitrage boundary condition

nProbability condition

nNo arbitrage condition

nVariance condition
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π 1−π( ) =σ 2Δt
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u and d Conditions
nCondition for u:

nCondition for d:
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Recombining Binomial Model
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Multiperiod BOVM
nGeneric version:

nBinomial summations:
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O0 = PV Eπ OT( )⎡⎣ ⎤⎦ = ιUS0e
−δT Bin1,ιU − ιU Xe

−rT Bin2,ιU
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Early Exercise
nAt each node, evaluate

nBinomial model value

nLower boundary condition

nEarly exercise value
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Option Greeks
nStatic risk measure
nMathematical derivatives
nCoherent

n Delta (first derivative, underlying price)
n Gamma (second derivative, underlying price)
n Theta (first derivative, calendar time)

n Incoherent
n Vega (first derivative, volatility)
n Rho (first derivative, interest rate)
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Delta
nFormal definition:
nStandard binomial method

nEnhanced binomial method

nNumerical method
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ΔO ≡ ∂O
∂S

ΔO ,i, j =
Oi+1, j+1 −Oi+1, j
Si+1, j+1 − Si+1, j

ΔO ,i, j =
Oi, j+1 −Oi, j−1
Si, j+1 − Si, j−1

ΔO ,i, j =
O S + h( )−O S − h( )

2h
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Gamma
nFormal definition:
nStandard binomial method

nEnhanced binomial method

nNumerical method
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ΓO ≡ ∂2O
∂S 2

ΓO ,i, j =

Oi+2, j+2 −Oi+2, j+1
Si+2, j+2 − Si+2, j+1

−
Oi+2, j+1 −Oi+2, j
Si+2, j+1 − Si+2, j

Si+2, j+2 − Si+2, j
2

ΓO ,i, j =

Oi, j+1 −Oi, j
Si, j+1 − Si, j

−
Oi, j −Oi, j–1
Si, j − Si, j–1

Si, j+1 − Si, j–1
2
ΓO ,i, j =

O S + h( )−O S( )⎡⎣ ⎤⎦ − O S( )−O S − h( )⎡⎣ ⎤⎦
h2
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Theta (ud = 1, required)
nFormal definition:
nStandard binomial method

nEnhanced binomial method

nNumerical method
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θO ≡ ∂O
∂t

θO ,i, j =
Oi+2, j+1 −Oi, j

2Δt

θO ,i, j =
Oi+2, j+1 −Oi−2, j−1

4Δt
θO ,i, j =

O t + h( )−O t − h( )
2h
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Vega
nFormal definition:
nNumerical method

nOther methods are not possible as vega 
is incoherent (but very important and 
useful)
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νO ≡ ∂O
∂σ

νO ,i, j =
Oσ +h,i, j −Oσ −h,i, j

2h
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Rho
nFormal definition:
nNumerical method

nOther methods are not possible as rho is 
incoherent (and not that important in most 
cases)

© Financial Risk Management, LLC 37

ρO ≡ ∂O
∂r

ρO ,i, j =
Or+h,i, j −Or−h,i, j

2h
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Summary
nReviewed GBM-Based binomial OVMs
nAddressed both European-style and 
American-style
nExplored five option Greeks

n Coherent: Delta, Gamma, Theta
n Incoherent: Vega, Rho

nVariety of plots generated in R reviewed
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