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Data assimilation (DA) is a tool that improves forecast of
a future state of a dynamical model system by taking into
account the noisy observational data. Noisy observations
are incorporated into the numerical model and the most
probable forecast is given [1, 2]. This tool is indispensable
in many fields of earth sciences, particularly in weather
forecasting and oceanography. Quite a few methods for DA
have been developed [3, 4, 5]. We will look at two methods
of sequential DA for discrete data sets.
When two or more chaotic systems are coupled under
certain conditions, the trajectories may eventually get
synchronized. There are many types and definitions of
synchronization of chaotic systems in literature [6, 7].
However, for our purposes we will look at identical chaotic
dynamical systems coupled at discrete time instances. This
can be referred to as sporadic or impulsive synchronization.
Synchronization of the numerical model with observations
by means of unidirectional coupling can be thought of as a
method of DA.
Ensemble Kalman filter (EnKF) is a very popular method
of DA. It is a Monte-Carlo approximation of the Kalman
Filter (KF). At each discrete time instance, a random
sample of points or ”ensemble” is propagated according
to the theoretical model and the true mean and covariance
as in KF are replaced by the sample mean and covariance
respectively.
Our main aim in this paper is to compare the dependence
of the two aforementioned methods of DA on parameters
like observational noise, time period between two subsequent observations, and time duration for which the system
is observed. It has been observed that the aforementioned
factors play an important role in assimilation, therefore one
would naturally like to know how different DA methods
compare on the basis of these factors.
The model we used for these studies is the low dimensional Chua’s circuit. In this paper, we first introduce
the basic model and it’s dynamics and go on to briefly
describe DA methods of synchronization and EnKF. We
describe results comparing the EnKF and synchronization
using synthetic data as well as experimental data.
Full paper to be submitted.

References
[1] Eugenia Kalnay. Atmospheric modeling, data assimilation and
predictability. Cambridge University Press, 2003.
∗ Amit Apte is with the International Centre for Theoretical Sciences of
the Tata Institute of Fundamental Research, Bangalore, India. Mishty Ray
and Amol Amodkar are at the Indian Institutes of Science Education and
Research (IISER) Mohali.

[2] J. M. Lewis, S. Lakshmivarahan, and S. K. Dhall. Dynamic data
assimilation: a least squares approach. Number 104 in Encyclopedia
of Mathematics and its Applications. Cambridge University Press,
2006.
[3] F.-X. Le Dimet and O. Talagrand. Variational algorithms for analysis
and assimilation of meteorological observations: theoretical aspects.
Tellus, 38A:97–110, 1986.
[4] G. Evensen. The Ensemble Kalman Filter: theoretical formulation
and practical implementation. Ocean Dynamics, 53:343–367, 2003.
[5] A. Apte, C. K. R. T. Jones, A. M. Stuart, and J. Voss. Data assimilation: Mathematical and statistical perspectives. Int. J. Numerical
Methods in Fluids, 56:1033–1046, 2008.
[6] Arkady Pikovsky, Michael Rosenblum, and Jurgen Kurths. Synchronization: A universal concept in nonlinear sciences, volume 2 of The
Art of Computer Programming. Cambridge University Press, The
Edinburgh Building, Cambridge CB2 2RU, United Kingdom, first
edition, 2001.
[7] Stefano Boccaletti, Jürgen Kurths, Grigory Osipov, DL Valladares,
and CS Zhou. The synchronization of chaotic systems. Physics
reports, 366(1):1–101, 2002.

