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More than a decade has passed since the publication
of the special issue “20 Years of Recurrence Plots: Per-
spectives for a Multi-purpose Tool of Nonlinear Data
Analysis” in the European Physical Journal—Special
Topics [1]. The hope for further developments inspired
by the interesting contributions in this special issue was
fully realized. We see an amazing development in the
field of recurrence plots (RPs), recurrence quantifica-
tion analysis (RQA), and recurrence networks. Recur-
rence analysis is not just one method; it has emerged
as an entire framework with many extensions, special
recurrence definitions, and specifically designed meth-
ods and tools. It has found spreading applications in
diverse and growing scientific fields. Recurrence analy-
sis has become a widely accepted concept, even referred
to in studies that are actually not using it as a method,
but rather using it as a reference or alternative tool. It
continues to be an active area of research and devel-
opment today. An attempt to provide an overview
of the most significant technical developments of this
recurrence-plot-based framework in the past decade is
included in this special issue [2].

Nevertheless, the methodical developments have not
been exhausted, as we can see by further numerous new
ideas and approaches collected in this issue. Shiro and
Hirata suggest a pseudo-basis approach based on the
recurrence matrix for better understanding and improv-
ing the conversion between time series and recurrence
matrix and vice versa [3]. Improvements for the reliabil-
ity of measures of the RQA are suggested by Özdes and

Trends in Recurrence Analysis of Dynamical Systems. Guest
editors: Norbert Marwan, Charles Webber Jr., Andrzej
Rysak.

a e-mail: marwan@pik-potsdam.de (corresponding
author)

Eroglu [4] and Pánis et al. [5]. Both approaches suggest
an averaging schema: one is based on averaging over
many scales (such as when using an edit distance met-
ric for the recurrence definition), and the other one is
averaging over a range of recurrence thresholds. Aver-
aging over the recurrence thresholds has the potential
to finally omit the selection of this threshold. An inter-
esting novel measure for recurrence quantification is
suggested by Braun et al. [6], which has its roots in
the succolarity measure developed in the field of fractal
geometry. This novel measure is modified to study the
characteristic geometric structures in a RP by measur-
ing a virtual flow through channels. It can be used to
study interdependencies between different time series or
to find the embedding delay for time-delay embedding.
Comparison between time series usually asks how much
similarity they share; the opposite question, how two
almost identical time series would differ, is not so com-
mon but important in some special applications (e.g.,
for material testing). A modification of the recurrence
definition to consider the divergence of the spatial dis-
tances in phase space instead of the spatial distances
leads to difference RPs that allow amplification and
detection of tiny differences between time series that
are virtually identical [7].

Numerous applications of the recurrence framework
illustrate the potential and applicability for a wide
spread of problems and research questions. RQA can be
used to investigate the dynamics of systems described
with fractional orders [8]. Historically, RP and RQA are
widely used to analyze problems in cognitive science or
cardiology. A number of applications discuss cardiolog-
ical states related to specific problems of hemodialy-
sis [9, 10] and the relationship between heart rate and
cognitive performance [11]. A new methodical modifica-
tion based on recurrence analysis of short-term Fourier
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transforms of time series is used to study electroen-
cephalographic (EEG) data [12]. RQA can also be used
to study the differences in trained and untrained ath-
letes, as shown in the study on martial art movement
patterns [13]. Recurrence time entropy is a rarely used
RQA measure, although it is powerful to discriminate
different dynamics. In a study on event-related poten-
tials, a common problem in quantitative psychology, it
is used to indicate ambiguous visual stimuli [14]. Using
the cross-RP approach, Corbin and Davis have shown
the potential of using the multivariate dataset for con-
structing the phase space and analyzed the interper-
sonal motor coordination of joint actions between indi-
viduals [15].

The application potential of recurrence analysis in
the field of engineering is growing as well. In this spe-
cial issue we have collected various applications, rang-
ing from material damage testing, over communication
and hydrological applications, to analyzing flows. RQA
has been used to develop nondestructive tests based
on ultrasonic waves for composite materials, such as
those used in airplanes [7, 16]. A specific variation of
the recurrence analysis method can be used to study
the digital modulations in signals even in noisy envi-
ronments [17]. Cross-RP was used to indicate the syn-
chronization between the inlet and outlet channels of
boiling flows [18]. Applications of RP-based methods in
the field of hydrology are rare. Here we have an exam-
ple investigating the impact of dam constructions on
the dynamics of (mountain) river flows [19].

The final examples of successful applications of the
recurrence analysis cover the field of climate science.
RQA has helped to identify multiple transitions in
the dynamics of the El Niño/Southern Oscillation [20].
The already mentioned new average scheme for RQA
of irregularly sampled time series was used to study
important transitions in the climate of the past [4].

Original recurrence plots and recurrence quantifi-
cations have a long history dating back some three
decades [21–24], and this computational methodology
has found utility in numerous fields of inquiry [2, 25].
Software developments continue to improve as new
strategies centered on recurrence analyses keep evolv-
ing. One can never be removed for the fundamental
concepts of what it means for systems and states to
recur as reviewed in the past [24].
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