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Background

Energy quanto options are risk management tools that have a payoff similar to the
product of the payoffs of two options, each written on an energy-related underlying.

The payoff an energy quanto option reads
A(T) = max(§;(T) — Ky, 0) max(S,(T) — K5, 0),
where
e The underlying assets §; and S, are correlated. Typically, S; and S, can be
average of or futures on energy spot prices, or the average of or futures on
weather indices;
e K, and K, are strike prices;
e T is maturity.

For renewable electricity, the weather conditions have an important impact on the price
of electricity. The demand for the electricity can be lower in a warm winter and the
decrease in demand can yield a decline in the electricity price. These options take this
correlation into account.

Hence, as opposed to standardized contracts that only account for price risk, these
options are designed to manage both volumetric and price risk in energy markets. That
is why they are becoming very popular.

Let us consider energy quanto options written on two future contracts with maturity
T € R, with prices at time t denoted by F, (¢, t) and F,(t, 7). The time-0 price V(F,, F,,T)
of an energy quanto option with maturity T on these 2 futures prices F;(T,t) and
F,(T,7) reads, with T < t:

V(Fy, By, T) = B2 [e 7)o 7505 (B, (T, 7) — K (Ry(T, 1) — K)),

where
e 1, is the short rate.
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Challenge

The valuation of these options is more complex than that of equity options, due to
characteristic features of energy markets such as seasonality, mean reversion, and
price spikes.

Markov-Modulated Additive processes, among others, are considered suitable
candidates for capturing these dynamics. [4] considers the valuation of such an option
on futures when the underlying futures prices are governed by Markov-modulated
additive processes, which have independent but non-stationary increments within
each regime. A valuation formula is derived using the Fast Fourier Transform (FFT)
technique under the assumption that the joint characteristic function of the log-futures
prices is known analytically. Several numerical case studies illustrate that this FFT-
based valuation has a high precision and is much faster than Monte Carlo estimates.

In practice, however, it is not realistic to assume a constant interest rate. Introducing
a stochastic interest rate into the valuation formula results in a three-dimensional
pricing problem. This would considerably increase the computational complexity of
the FFT-based approach due to the “curse of dimensionality”.

In literature, the COS method, introduced in [1], has been proven to be even more
superior to the FFT-based method in many applications. For example, [6] extended the
regime-switching model to the rich class of time-changed Lévy processes and use the
COS method to price several options under the resulting models. It was reported that
the COS method converges exponentially in that framework and thus outperforms all
other numerical methods that have been proposed so far.

This thesis is designed to answer the following question: Can the COS method be

applied to price energy quanto options under Markov-modulated framework with
regime-switching stochastic interest rate assumptions?

The goal and content of this thesis

A straightforward extension of the COS method from one to higher dimensions would
also suffer from the “curse of dimensionality”.

To address this challenge, a dimension-reduced COS method has been developed
through a series of MSc theses, such as [2] and [3], funded by and conducted at FF
Quant Advisory3. This method utilizes Canonical Polyadic Decomposition (CPD) to
decompose the Fourier-cosine coefficient tensor, which is then integrated with the
COS method, hence the name “COS-CPD” method.

The aim of this MSc thesis is to apply the COS-CPD method in pricing energy quanto
options with regime-switching models.

3 https://fsquaredquant.nl/
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We will reach this goal via a few steps:

e Replicate the COS-CPD method in [3] for pricing a basket option;

e Replicate the pricing method in [4] using FFT;

e Apply the COS-CPD method to energy quanto options in the same set-up as in
[4], namely assuming the underlying futures prices are governed by Markov-
modulated additive processes with a constant interest rate.

e Relax the constant interest rate assumption: price energy quanto options using
Markov-Modulated additive processes with stochastic interest rate.

Contact

This thesis will be a collaborative effort between ULB and TUD.

The research will be carried out by an MSc student from TUD, under the daily
supervision of Assistant Professor Dr. Fang Fang from TUD. Regular discussions will
also be held with Professor Griselda Deelstra from ULB.

If you are interested in this topic or would like more information, please feel free to
contact Assistant Professor Dr. Fang at f.fang@tudelft.nl.
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