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Abstract—We consider a threedimensional assimilation model of the ionosphere. We discuss the governing
equations of the physical model and the data assimilation technique. We provide examples of the model
results: plots of the calculated ionospheric parameters, such as the density and temperature of electrons and
ions. We compare the model results with independent sources of data on the state of the ionosphere. We make
some conclusions regarding the model accuracy and possible areas of its practical application.
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1. INTRODUCTION

the basis of global hydrodynamic models of the atmo
sphere with the assimilation of satellite, aircraft, and
upper atmospheric observational data on the fields of
meteorological parameters at different atmospheric
heights and the development of global models of the
chemical composition and structure of the tropo
sphere and stratosphere.
The assimilation approach can be applied to iono
spheric modeling by using operational measurement
data on the total electron content (TEC) with the help
of ionospheric radio sounding by signals of space nav
igation systems. The efficiency of new methods for
monitoring and forecasting “space weather,” as well
as for weather forecasting, depends largely on the abil
ity to obtain global and continuous measurement data
on key ionospheric parameters and on the capacity to
assimilate these diverse measurement data into physi
cally reasonable selfconsistent numerical models.
Assimilation models of the ionosphere (AMI) are con
siderably superior to conventional theoretical models
in terms of accuracy, because the computations at each
step are based on the data of experimental observa
tions. The assimilation methods for operational mon
itoring of the current state of the ionosphere have been
successfully used in recent years in the United States
(Khattatov et al., 2005; Wang et al., 2004).
The aim of this paper is to describe a threedimen
sional assimilation model of the ionosphere for the
operational monitoring and forecasting of its state over
the European region. The proposed AMI model solves
the momentum and mass energy conservation equa
tions. Also, it uses an assimilation scheme for TEC
measurement data in the ionosphere obtained in a
quasirealtime mode via the Internet from an exten
sive network of groundbased GPS (Global Position
ing System) stations, as well as continuous data on
variations in solar radiation in the ultraviolet spectral

The development of methods for monitoring geo
physical processes in the Earth’s ionosphere is one of
the important problems in the physics of the upper
atmosphere. The monitoring of the state of the iono
sphere and subsequent shortterm forecasts of changes
in its state are needed for treating a wide range of appli
cations. Operational data on changes in the state of cos
mic plasma make it possible to increase the reliability of
longhaul radio communication, improve the precision
characteristics of space navigation systems, and make a
framework for the control of intentional and uninten
tional impacts on the upper atmosphere.
A line of research on the problem of ionospheric
monitoring is the use of theoretical and empirical
models. For example, the models described in (Vlasov
et al., 1994; Grigor’ev et al., 2006; Fatkullin et al.,
1981; Huba et al., 2000; Millward et al., 1996) are
needed to study the physics of processes in the near
Earth cosmic space and to assess the impact of various
geophysical effects on the characteristics of iono
spheric plasma. Purely theoretical modeling has a lim
ited capability for getting data on the current state of
the ionosphere and shortterm forecasts of its changes.
The past two decades have witnessed the successful use
of data assimilation techniques for solving problems
regarding the monitoring of the state of the iono
sphere. The assimilation method is based on numeri
cal theoretical calculations of the current state of a
physically justified model describing a given system,
which can be adjusted online using available experi
mental data. It is known that methods of measurement
data assimilation into model calculations have already
been applied to solve a number of problems in atmo
spheric physics. These include the development of
precision methods for shortterm weather forecasts on
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