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Abstract
This study aims at testing and validating tools for pre-
diction of the impact of solar events in the vicinity
of inner and outer solar system planets using in-situ
spacecraft data (primarily MESSENGER, STEREO
and ACE, but also VEX and Cassini), remote Jovian
observations (Hubble telescope, Nançay decametric
array), existing catalogues (HELCATS and [2]) and
the tested propagating models (the ICME radial propa-
gation tool of the CDPP and the 1-D MHD code prop-
agation model presented in [1]). We achieved our re-
sults using AMDA and VESPA web tools.
We first present the results concerning ICME propaga-
tion between various bodies of the inner solar system,
starting from Mercury. Then we investigate the predic-
tion facilities to two outer planets, Saturn and Jupiter.

1. ICME propagation: testing the
CDPP propagation tool

The CDPP propagation tool is publicly available on-
line (URL: http://propagationtool.cdpp.eu). Running
the propagation tool for each of the 61 suitable events
in the catalogue of ICME observations at Mercury
by the NASA spacecraft MESSENGER [2], we could
identify the ICMEs that probably hit another object of
the solar system. The objects are spacecraft orbiting
around planets (MEX at Mars, VEX at Venus) or at
1 AU (ACE, Stereo A and B). The necessary inputs
for the propagation tool (in addition to the start point,
MESSENGER in the present case) are: radial velocity
(default value 500 km/s), wideness of the CME at the
Sun (default value 45 deg) and the end point (VEX,
MEX, ACE, Stereo A and B). The catalogue entries
can be summarized as following:

• Time coverage: from 2011-05-19 to 2014-09-02

• Number of Records: 143

• Number of Pairs: 45 (Stereo-A:11, Stereo-B:6,
Earth:4, Venus:16, Mars:8)

Detailed comparisons between observations and
propagation tool predictions lead us to the following
results. The propagation tool is accurate for impact
prediction (84%) with a time accuracy of about 10
hours. We also propose to slightly modify the de-
fault parameters of the propagation tool by increas-
ing the default radial propagating velocity by 50 km/s
(550 instead of 500 km/s). We also note that the
ICME propagation velocity decreases with increasing
distance from the Sun (see Table 1).

Table 1: Mean ICME propagating velocity and stan-
dard deviations, between MESSENGER and target
(observations).

Target Vprop σ
km/s km/s

ALL 603 162
VENUS 639 169
1 AU 584 160

In addition to corresponding statistics, we also
present the case study of an ICME that is observed
at Mercury by MESSENGER, then at Venus by VEX
and at L1 by ACE.

We finally simulate the evolution of the Dst index
with ICME observations at ACE, Stereo A and Stereo
B locations. This allows predicting not only ICME
impacts, but also the corresponding potential geomag-
netic effects.

2. Event predictions at the outer
planets

2.1. Saturn
The 1-D MHD numerical code ([1]) permits to prop-
agate interplanetary magnetic field (IMF) and solar
wind properties inside the heliosphere. Inputs are in
situ observations of these parameters (solar wind den-
sity, velocity, dynamic pressure, IMF tangential com-
ponent). This model has been previously tested at
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Jupiter with comparisons to Galileo data [1]. The
most important observational constraint is the angle
between the target, the observation point and the sun
(Θ, Galileo-Earth-Sun angle in [1], Cassini-Stereo-
Sun angle in our study). The lower Θ is, the better
the predictions are.

We collect measurements of the solar wind velocity
(Cassini/MIMI instrument), electron plasma density
(Cassini/RPWS) and three components of the mag-
netic field (Cassini/MAG). The solar wind velocity
and density measurements time intervals overlap is
very short and occur for large Θ. Thus the plasma dy-
namic pressure cannot be derived from measurements.
The time coverage of the plasma density is irregu-
lar while the solar wind velocity measurements occur
mainly during the last part of Cassini’s cruise to Sat-
urn, so still far from the planet. We thus present only
short time intervals of comparisons between plasma
density observations and predictions.
Cassini/MAG data provide a continuous coverage of
the IMF tangential component (Bt). Bt is also pre-
dicted by the model [1]. Figure 1 presents a 5 days
window of both predicted and observed values of Bt.
We present in our study a comparison of the Bt pre-
diction accuracy of the model in function of Θ.

We emphasize here that the model predictions and
the Cassini/MAG data used for this study are publicly
available on the AMDA tool of the CDPP.

Figure 1: Example of comparison between observa-
tions (black line, Cassini/MAG measurements) and 1-
D MHD simulations (red line) of the tangential com-
ponent of the magnetic field.

2.2. Jupiter
There has been a large gap in in-situ data at Jupiter
since the end of the Galileo mission and the recent
arrival of JUNO. We thus propose to include remote
observations for testing MHD propagation model [1].
Applying the propagation tool to all ICME events ob-
served by Stereo-A and Stereo-B in the HELCATS cat-
alogue, there are potentially 149 ICMEs that impacted
the Jovian magnetosphere during the 2007-2014 pe-

riod (see Table 2).
The Hubble images of Jovian aurorae and the ra-

dio emissions from the auroral regions observed at the
Nançay radiostation are available through the VESPA
web service. The last part of our study concerns a po-
tential correlation of the 149 dates of predicted ICME
impacts with an intensification of the remotely ob-
served auroral activity.

Table 2: Number of predicted Jupiter-ICME encoun-
ters based on the HELCATS catalogue and the CDPP
propagation tool.

Observatory Total events Impact
Stereo-A 550 73
Stereo-B 512 76
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