
Statistical prediction of extreme events from
small datasets ⋆

Alberto Racca1 and Luca Magri2,1,3

1 Department of Engineering, University of Cambridge, UK
2 Aeronautics Department, Imperial College London, London, UK

3 The Alan Turing Institute, London, UK

Abstract. We propose Echo State Networks (ESNs) to predict the statis-
tics of extreme events in a turbulent flow. We train the ESNs on small
datasets that lack information about the extreme events. We asses whether
the networks are able to extrapolate from the small imperfect datasets
and predict the heavy-tail statistics that describe the events. We find
that the networks correctly predict the events and improve the statis-
tics of the system with respect to the training data in almost all cases
analysed. This opens up new possibilities for the statistical prediction of
extreme events in turbulence.
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1 Introduction

Extreme events arise in multiple natural systems, such as oceanic rogue waves,
weather events and earthquakes [1]. A way to tackle extreme events is by comput-
ing their statistics to predict the probability of their occurrence. Because extreme
events are typically rare, information about the heavy tail of the distribution
that describes the events is seldom available. This hinders the performance of
data-driven methods, which struggle to predict the events when extrapolating
from imperfect datasets [8]. In this work, we assess the capability of a form of
reservoir computing, the Echo State Network [5], to predict the statistics of ex-
treme events in a turbulent flow [6]. In particular, we analyse the ability of the
networks to improve the prediction of the statistics of the system with respect
to the available training data. The paper is organised as follow. Section 2 in-
troduces the turbulent flow model. Section 3 describes the Echo State Network.
Section 4 analyses the statistical prediction of extreme events. We summarize
the work and present future developments in section 5.

⋆ A. Racca is supported by the EPSRC-DTP and the Cambridge Commonwealth,
European & International Trust under a Cambridge European Scholarship. L. Magri
is supported by the ERC Starting Grant PhyCo 949388.

ICCS Camera Ready Version 2022
To cite this paper please use the final published version:

DOI: 10.1007/978-3-031-08757-8_58

https://dx.doi.org/10.1007/978-3-031-08757-8_58


2 A. Racca and L. Magri

Fig. 1. One time series of the kinetic energy, (a), and Probability Density Function
of the kinetic energy computed from the entire dataset, (b). The time in panel (a)
is normalized by the Lyapunov time. Vorticity isosurfaces, ! = r � v, and velocity
flowfield before, (c), and after, (d), an extreme event. The laminar structure, (c), breaks
down into vortices, (d).

2 A low-dimensional model for turbulent shear flow

We study a nine-equation model of a shear flow between infinite plates subjected
to sinusoidal body forcing [6]. The incompressible Navier-Stokes equations are

dv
dt

= � (v � r )v � r p+
1

Re
∆v + F(y); (1)

where v = (u; v; w) is the velocity, p is the pressure, Re is the Reynolds number,
F(y) =

p
2� 2=(4Re) sin(�y= 2)ex is the body forcing along x, y is the direction of
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