Journal Pre-proof

Trade duration risk in subdiffusive financial models Wﬁflﬂ'ﬂ’-ﬂﬁ?ﬁ?

Lorenzo Torricelli

PII: S0378-4371(19)32058-8 e
DOI: https://doi.org/10.1016/j.physa.2019.123694
Reference: PHYSA 123694

To appear in:  Physica A

Received date: 5 August 2019
Revised date: 22 November 2019

Please cite this article as: L. Torricelli, Trade duration risk in subdiffusive financial models,
Physica A (2019), doi: https://doi.org/10.1016/j.physa.2019.123694.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the
addition of a cover page and metadata, and formatting for readability, but it is not yet the definitive
version of record. This version will undergo additional copyediting, typesetting and review before it
is published in its final form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier B.V.


https://doi.org/10.1016/j.physa.2019.123694
https://doi.org/10.1016/j.physa.2019.123694

Trade duration risk in subdiffusive financial models*

Lorenzo Torricellit

December 2, 2019

Abstract

Subdiffusive processes are employed in finance to explicitly accommodate in return models
the presence of random waiting times between price innovations, often referred to as “trade
duration”. In this paper we argue that pricing models based on subdiffusions naturally
account for the presence of a trade duration market price of risk. In particular we make a
case for tempered subdiffusive models, which are able to capture the time multiscale properties
of equity prices, that is, the fact that different return idleness patterns are shown at different
time scales. We explain the role in duration risk pricing of the stability and tempering
parameters of a tempered subdiffusion, and show that option valuation can be performed
using standard integral representations.
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1 Introduction

Subdiffusive stochastic processes are used in science to model natural phenomena of slow particle
displacement, typically in fluid-dynamics, hydrology, engineering and physics. Such processes
allow explicit modelling of resting times between particle movements, that in financial asset
models can be interpreted as extended random periods of zero returns between price revisions,
that is, the presence of a trade duration (Dufour and Engle, 2000).

Transition densities of subdiffusive models are characterized as solutions of Fokker-Planck
equations of fractional order, and their stochastic representations are typically given in the form
of Lévy processes time-changed with an inverse-stable subordinator (Saichev and Zaslavsky
1997, Baeumer and Meerschaert 2001, Meerschaert et al. 2002). When the inverse subordinator
is instead specified by a tempered (that is, with exponentially dampened jumps) stable process
the resulting process is denominated a tempered subdiffusion.

Subdiffusions have been introduced in mathematical finance in connections to continuous
time random walks by the pioneering work of Scalas et al. (2000), where price densities are
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