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Abstract. The paper describes our approach to simulations of real interplanetary events, con-
sisting of four steps: (i) determination of background solar wind, (ii) parameterization of a
model flux rope, (iii) launching it into the solar wind, and (iv) calculating its propagation and
evolution.
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1. Simulation procedure
Events considered are well-defined ICMEs containing an interplanetary flux rope (mag-

netic cloud) and with known solar sources. Our simulation programs solve time-dependent
MHD equations in three dimensional inner heliosphere with a nearly full angular cover-
age (with exceptions around the solar poles) and a radial span starting from 0.14 AU
(super-critical flow) and including 1 AU. The numerical codes are based on a TVD
scheme in spherical coordinates (Odstrcil & Pizzo 1999) and, under development, on a
finite volume method with a Riemann solver using an unstructured grid. Our simulation
procedure consists of four steps.

1.1. Determination of the background solar wind for period of an event using
photospheric magnetic field measurements

A quasi-steady state is determined by program runs, which are driven by conditions
in the solar wind at the inner boundary. Two approaches are considered for specifying
these conditions. A simple one uses a position of the heliospheric neutral sheet and an
angular distance of a given point at the inner boundary to specify the radial velocity
(Odstrčil, Dryer & Smith 1998). The second one is based on relationships between the
radial velocity and divergence of the magnetic field (Arge & Pizzo 2000, Odstrcil 2003);
see Figure 1, left part.
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Figure 1. (left) A velocity distribution at the inner boundary based on photospheric mag-
netic field measurements (the method is described in Arge & Pizzo 2000 and Odstrcil 2003).
(right) A toroidal flux rope merged into a radial field (the method is described in Romashets &
Vandas 2004). Such a configuration can serve for initialization of MHD calculations (the method
is described in Vandas, Odstrčil & Watari 2002).

1.2. Estimation of flux rope parameters from observations
It is necessary to determine orientation, size, velocity, magnetic field strength, and chi-
rality of the flux rope. Probably vector magnetographs, coronal field measurements, and
STEREO observations may help much in this difficult task.

1.3. Launching of a model flux rope into the background solar wind
For a simple field it has been done by Vandas, Odstrčil & Watari (2002) and by Vandas,
Watari & Geranios (2003). For more realistic fields a method by Romashets & Vandas
(2004) is considered (Figure 1, right part). A flux rope is introduced into the computa-
tional domain by time-dependent changes of quantities at the inner boundary.

1.4. Running numerical simulations and comparing with observations
Simulations of a flux rope propagation within our scheme in a simple background solar
wind (unstructured and unipolar) have been done by Vandas, Odstrčil & Watari (2002)
and by Vandas, Watari & Geranios (2003). Applications for real events have been and are
performed with a model CME without a magnetic structure (“plasma clouds”) (Odstrcil,
Riley & Zhao 2004). We are developing procedures to include a magnetic flux rope
topology within a more complex solar wind. Several examples of magnetic clouds observed
near the Earth and their related CMEs near the Sun, which are well documented in the
literature, will be considered in the simulations, the event of May 12, 1997 being the first.
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