
Accepted Manuscript

Analysis of bias in an Ebola epidemic model by extended Kalman filter
approach

Denis Ndanguza, Isambi S. Mbalawata, Heikki Haario, Jean
M. Tchuenche

PII: S0378-4754(17)30191-X
DOI: http://dx.doi.org/10.1016/j.matcom.2017.05.005
Reference: MATCOM 4462

To appear in: Mathematics and Computers in Simulation

Received date : 16 May 2016
Revised date : 15 May 2017
Accepted date : 15 May 2017

Please cite this article as: Ndanguza, D., et al., Analysis of bias in an Ebola epidemic model by
extended Kalman filter approach. Math. Comput. Simulation (2017),
http://dx.doi.org/10.1016/j.matcom.2017.05.005

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
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.

http://dx.doi.org/10.1016/j.matcom.2017.05.005


Analysis of bias in an Ebola epidemic model by
extended Kalman filter approach

Denis Ndanguzaa,∗, Isambi S. Mbalawatab,c, Heikki Haariod, Jean M. Tchuenchee

aDepartment of Mathematics, College of Science and Technology, University of Rwanda, P.O.
Box 3900 Kigali, Rwanda.

bDepartment of Mathematics, University of Dar-es-Salaam, P.O. Box 35062, Dar-es-Salaam,
Tanzania.

cAfrican Institute for Mathematical Sciences Tanzania, P.O.Box 176 Bagamoyo, Tanzania.
dDepartment of Mathematics and Physics, Lappeenranta University of Technology, P.O.Box 20,

FI-53851 Lappeenranta, Finland
eSchool of Computer Science and Applied Mathematics, University of the Witwatersrand,

Johannesburg, South Africa.

Abstract

Ebola is a highly infectious disease generally characterized by sporadic out-
breaks. A deterministic Ebola model is formulated and converted into Itô stochas-
tic differential equations by adding noise on each compartment. In order to es-
timate the model parameter values, we use the extended Kalman filter technique
as the filtering method and sum of square of errors to compute an approximation
of the likelihood. From the obtained likelihood function, the maximum likelihood
and MCMC methods for parameters estimation are then used. These parameter es-
timates provide useful information on quantities of epidemiological interest. Two
cases are analyzed: (1) the model error covariance is set to be zero and (2) the
bias is fully incorporated into the model. A comparison between these two cases
is carried out to assess whether the bias is having a measure effect on parameters
and states estimation. Finally, we investigate whether an estimate obtained from
a biased study differs systematically from the true source population of the study.
Our results indicate that the more the increase of bias, the more the noise in states
simulation and parameters estimation compared to the deterministic model.
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