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Asian Quanto-Basket Option (1/2)

dUnderlying asset is a basket of
Instruments whose returns are correlated

dFinal payoff depends on the average value
of the basket over some discrete set of
observation points

dOne or more of the basket components
qguoted in different currency than the
option payoff

No closed-form pricing formulas
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Asian Quanto-Basket Option (2/2)

n = number of observation points
m = number of underlying assets in basket
Kagp = strike price
A = average basket value
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PayOff — maX(A — KAQBJ 0)
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Literature review
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Moment Matching (1/2)

Calculate the moments of the real
distribution A

JApproximate the real unknown distribution
with a known distribution such as log-
normal utilizing the calculated moments
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Moment Matching (2/2)

m 1 = the first moment of the real distribution
m , = the second moment of the real distribution
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Levy’s approximation (1/2)

Calculate m; and m, on the fly

JApproximate the real distribution with a
log-normal distribution by setting the two
first non-centered moments equal

(62 =Inm,; —Inm,

= 21 — =1
\H, nmq > nms,
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Levy’s approximation (2/2)

JApproximate risk-neutral call option price
within the Black-Scholes framework is

o0

CLevy ~ e—rT f Plog(x)(A o KAQB)dx
KaQB

= e "T|m;N(dy) — KAQBN(dZ)]

N is the cumulative normal distribution

function
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Reciprocal gamma
approximation (1/2)

dCalculate m; and m, on the fly

JApproximate the real distribution with a
reciprocal gamma distribution by setting
the first two moments equal

) 2
m2 _ml
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Reciprocal gamma
approximation (2/2)

JApproximate risk-neutral call option price
within the Black-Scholes framework is

00)

Cgam = e T f Pgam(x)(A — KAQB)dx
KB

1
= e—?"T [mlG (KAQB a — 1,[?) - KAQBG(

0 G is the gamma distribution function

)
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Vorst's approximation

JApproximate the arithmetic average A
with a geometric average

dWorks well for Asian-style options that
depend on the geometric average of
some underlying

inferior performance for arithmetic
average options
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Edgeworth expansion around
log-normal distribution

The two first moments of the real and
approximate distribution are set equal

dThe third and fourth moments of the real
distribution are used to calculate

correction terms
r b3 =157 APiog(Kags) |y b = 14" d*Piog (Kagn)
3! dx 4! dx?
(1Has been criticized because Edgeworth
series does not always converge
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Implementation
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Testing Levy’s method against the
reciprocal gamma approximation

dUse Monte Carlo with antithetic
variance reduction as benchmark

Convergence analysis of Monte Carlo with antithetic variates
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Test 1: Varying Volatilities (1/2)

Let the volatility parameter o increase
symmetrically for all basket components

Varying volatility symmetrically
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Test 1: Varying Volatilities (2/2)

Let the volatility parameter o increase for
all but one of the basket components

Varying volatility asymmetrically
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Test 2: Varying Strike Prices

Increase the strike price of
a call option while holding
other parameters constant

Varying strike
a0 * T T

+ Monte Carlo
Reciprocal gamma
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Test 3: Varying Maturities

increase the maturity of a call option from
a few months to 15 years while keeping
the number of fixing points constant

Varying maturity while keeping the number of fixing dates constant
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Test 4: Varying the Number of
Fixing Dates

increase the number of averaging points
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Test 5: Varying Correlations

dincrease symmetrically the average
correlation between the basket
components

Varying correlations symmetrically
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Conclusion (1/2)

dSimple two-moment approximations
quick, flexible and easy to implement also
outside Matlab

dLevy’'s approximation yields slightly more
accurate pricing than the reciprocal
gamma approximation

Ju’s approximation formulas should be
derived for Asian basket options and

tested
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Conclusion (2/2)

dThe weak point of Levy’'s approximation
overpricing when volatility high or maturity

long R
Error of the Levy approximation {approximation - MC)
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