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Abstract. The FP7 COronal Mass Ejections and Solar Energetic Particles (COMESEP) project is 
developing tools for forecasting geomagnetic storms and solar energetic particle (SEP) radiation 
storms. By analysis of historical data, complemented by the extensive data coverage of solar cycle 
23, the key ingredients that lead to magnetic storm and SEP events and the factors that are 
responsible for false alarms are being identified. To enhance our understanding of the 3-D 
kinematics and interplanetary propagation of coronal mass ejections (CMEs), the structure, 
propagation and evolution of CMEs are being investigated. In parallel, the sources and propagation 
of SEPs are being examined and modelled. COMESEP is a unique cross-collaboration effort and 
bridges the gap between the SEP, CME and terrestrial effects  scientific communities. 
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INTRODUCTION 

The COMESEP (COronal Mass Ejections and Solar Energetic Particles: 
forecasting the space weather impact) Project (http://www.comesep.eu) is 
developing tools for forecasting geomagnetic storms and SEP radiation storms 
based on extensive scientific data analysis, model development and risk analysis. 
COMESEP is funded by the European Union Framework Programme 7 (FP7) and 
is a three-year collaborative project that kicked off on 1 Feb. 2011. COMESEP is a 
unique cross-collaboration effort and bridges the gap between the SEP, CME and 
terrestrial effects scientific communities. Its overall objective is to build an 
operational space weather alert system to forecast SEP radiation storms and 
geomagnetic storms, and to perform risk analysis for selected user groups.  

COMESEP complements the ESA Space Situational Awareness (SSA) 
activities for security of space assets from space weather events. It is providing a 
new European service for vulnerable technologies both in space and on the ground. 
While many forecasting projects end at the model stage, COMESEP will go one 
step further by quantifying model outputs in terms of magnetic storm and SEP 
radiation storm levels. 

This paper reviews the individual objectives of the COMESEP project and 
presents the main outcomes of the first year.  
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BASIC SCIENCE 

The basic science that is being pursued in the COMESEP Project is two-sided. 
It includes data analysis (real-time data and historical data) as well as modelling of 
both SEP events and CME propagation.  

Coronal Mass Ejections 

In regard to CMEs the Project is pursuing several  main objectives. They  
include: 1.) Enhancing our understanding of the three-dimensional (3-D) 
propagation of interplanetary CMEs (ICMEs), by combining in situ measurements 
from a number of space probes at various heliospheric locations with remote 
(coronagraphic) observations, 2.) Testing and comparison of the analytical and 
numerical ICME propagation models, including improvement of their 
performances and identification of the model-input parameters that have largest 
effect on the model output, 3.) Investigating the evolution of the ICME magnetic 
structure inferred from the in situ measurements at various locations in the 
heliosphere, including implications for predicting geoeffectiveness. In summary, 
the main goals are to advance the understanding of the 3-D propagation of ICMEs, 
which is needed to improve and optimise the performances of ICME propagation 
models, as well as to enhance our comprehension of the ICME magnetic field 
structure and its evolution, required for predicting geoeffectiveness. Both aspects 
are essential for developing the COMESEP space weather alert system and 
represent the building blocks for the work that is being performed in the Project.  

A new technique was developed (Rollett et al., 2012) for deriving the 
propagation direction and kinematics of ICMEs, based on combining the remote 
sensing data from STEREO Heliospheric Imagers (HI) and 1 AU in situ 
measurements (arrival time and impact speed). Supplementing this method with 
another newly developed “self-similar expansion method” (Möstl and Davies, 
2012), the propagation direction and velocity evolution of a number of well 
observed ICMEs was derived over the entire Sun-Earth range. This latter new 
method not only traces the ICME nose kinematics but also the flank kinematics.  
Most of the analysed ICMEs were used to test and optimise the Drag-Based Model 
(DBM; Vrsnak et al., 2012). The study included analysis of ICME-ICME 
interactions and variable ambient solar wind speed. The DBM was made public as 
an online tool (http://oh.geof.unizg.hr/CADBM/cadbm.php), and has been used on 
several occasions for real-time forecasting of ICME arrivals through the “SOHO-
alert” system. For this purpose, a statistical study of several CME/ICME samples 
was performed to find the range of values of the DBM-input parameters. It was 
established that the “drag-parameter” γ is generally in the range 2 10-8–2 10-7 km-1, 
whereas the solar wind speed w ranges between 300-700 km/s. For a given ICME 
take-off speed, such a span of input values can lead in most extreme cases, to a 
difference in the predicted transit time as large as 50%, however, typically it is 
around 20% (Vrsnak et al. 2012; see also Vrsnak et al 2007, 2010). In the case of 
very fast CMEs the 20% uncertainty corresponds to a transit time difference of 
several hours, whereas in the case of very slow CMEs it can be as large as 1 day. 
In a statistical sense, the optimum values turn out to be γ = 10-7 km-1 and w = 500 
km/s, so these values are set as default input parameters in the DBM-online tool. In 
real-time forecasting it was found that the transit-time error is typically better than 
12 hours. The DBM calculation takes a few seconds. Therefore any time delay 
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depends primarily on the coronagraphic data acquisition rate. The geoeffectiveness 
of a CME is mainly given by Bz and the speed of the ICME. Bz is very difficult to 
determine from solar observations and there are indications that CMEs may rotate 
during their travel to the Earth, making any early estimation of Bz problematic. 
Here we aim to estimate the ICME arrival times and to identify the key solar 
parameters of importance for space weather impact. The model prediction of Bz is 
not attempted in this work.  

 

Solar Energetic Particles 

In regard to SEPs the main objectives of the Project include enhancing our 
understanding of sources, acceleration processes, as well as the propagation of 
SEPs, by means of data analysis and modelling. Advanced SEP modelling to 
include CME propagation effects, cross-field diffusion and heavy ions is being 
investigated. During the first year a literature survey of previous space weather 
effective SEP event lists has been performed. This has resulted in the compilation 
of an SEP event list based on the SEPEM proton reference channel (7.23 - 10.45 
MeV) (http://dev.sepem.oma.be/) and associated solar events.   

Two SEP events in Nov. 2001 exhibiting ‘reservoir’ characteristics were 
identified by having near-equal intensities and statistically significant heavy ion 
measurements at ACE and Ulysses. A study of the compositional and spectral 
comparisons during these reservoir periods is in progress. Ulysses and ACE have 
measured statistically significant heavy ion flux values for these events and thus 
serve well for studying the evolution of SEP characteristics at two different 
locations in the 3-D heliosphere. It has been shown in the past that the 
perpendicular to parallel diffusion coefficient ratio could be as large as unity with 
some prescribed magnetic turbulence (e.g. Giacalone and Jokipii 1999). During the 
decay phase of the SEP events, in the downstream regions of shocks which are 
known to be characterised by enhanced magnetic turbulence, cross-field diffusion 
operates enabling particles to occupy different flux tubes which provides a possible 
explanation for the remarkable energetic particle spectral invariance observed.   

Furthermore, using the intensity characteristics and the angular distributions of 
both incident and reflected particle beams, two large SEP events detected on 2 
May 1998 and 21 April 2002 during the passage of magnetic clouds were 
identified with evidence of reflecting boundaries ahead of the spacecraft in space. 
The onset time analysis of non-relativistic electrons and ~MeVnucleon-1 heavy 
ions was performed and exhibits the stability of the magnetic loop structure during 
a period of a few hours in the events examined. The joint analysis of pitch-angle 
distributions (PADs) and peak intensities of electrons indicates that in the April 
event the reflected particles with nearly zero pitch-angle at 1 AU could reach the 
vicinity of the Sun, implying that the magnetic loop was a magnetic bottle 
connected to the Sun with both legs. In contrast, in the May event the magnetic 
mirror was formed by a compressed field enhancement behind the interplanetary 
shock driven by a preceding CME, being consistent with its open field line 
topology. Analysis of the decay phase was performed for the two events and the 
implications for the particle reservoir formation were examined. To this goal, the 
spatial and temporal variation of the high-energy proton intensities in the inner 
heliosphere is examined, through the investigation of particle confinement 
mechanisms occurring in individual flux tubes in order to understand the 
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conditions that enhance the duration of high-energy proton intensities in different 
magnetic topologies (Tan et al., 2012).  

Investigation into SEP sources, and acceleration processes operating on the 
SEPs in terms of solar flares, ICMEs and their associated shocks has been carried 
out. During the period 1997-2006 two SEP events occurring in Dec. and Aug. 2001 
were identified as having an initial ratio of Fe/O > 0.8, constructed from the 
provided Fe and O intensities at ~5 MeV/nucleon. They were selected for a study 
concerning the transport and acceleration of SEPs in the low solar corona. 
Ulysses/COSPIN/LET and WIND/EPACT/LEMT data were used for this 
investigation. During the two events transient Fe/O enhancements were seen at 
both WIND at L1 and Ulysses although one or both spacecraft were not ‘well-
connected’ to the flare. The observations demonstrate that initial Fe/O 
enhancements cannot be cited as evidence for a direct solar flare component but 
rather they can be better understood as a transport effect, driven by the different 
mass-to-charge ratios of Fe and O (Tylka et al., 2012) 

Scientific results obtained serve as observational constraints on the SEP 
propagation model. A test particle code for the study of SEP propagation from the 
Sun to near-Earth regions has been developed. Two main interplanetary magnetic 
field configurations have been analysed: a Parker spiral configuration and one 
based on a model of large-scale heliospheric turbulence by Giacalone (1999). A 
scheme for scattering was implemented within the test particle model: each 
particle’s velocity is scattered by a random angle with an average frequency 
determined by the value of the mean free path λ. To characterise the transport of 
SEPs across the field a local ‘Parker spiral’ coordinate system was introduced and 
coordinate transformations for the determination of transport coefficients were 
derived. The ratio of the parallel to perpendicular diffusion coefficient can then be 
obtained as an output of the simulation. A low-scattering regime with λ = 2 
AU was compared with a high-scattering regime with λ = 0.3 AU, and with the 
scatter-free case. It was found that transport across the magnetic field is enhanced 
in the λ = 2 AU and λ = 0.3 AU cases, compared to the scatter-free case. Values of 
the ratios of perpendicular to parallel diffusion coefficient vary between 0.01 and 
0.08 (Kelly et al., 2012). The simulations also showed that transport across the 
field in heliolatitude may be less efficient than in heliolongitude. 

Space Weather Impact 

This part of the Project concerns the impact that the space weather has on the 
near-Earth space environment. Two types of space weather impact are being 
investigated during the SOHO era: the occurrence of  large geomagnetic storms 
and significant SEP events. For this purpose a comprehensive database of event 
data is being constructed; this includes information about all the key observable 
parameters as well as the associated geomagnetic and SEP impacts observed near 
Earth. 

The data collected will serve as input for a statistical analysis addressing the 
question what is the probability that a given solar event will produce a major space 
weather event. The impact of particular parameters and their mutual relationship 
will be investigated. Furthermore, the potential increase in the probability of large 
space weather impacts when multiple events occur will also be studied. All the 
obtained probabilities will be folded in the risk estimates. It is essential that the 
information on the parameters considered above is available in near-real time for 
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useful predictive purposes. Only a few large events exist in the SOHO time period 
and for this reason very large events from the pre-SOHO / pre-space era will also 
be investigated. 

One of the main objectives of the Project is to identify the major causes of false 
alarms following solar observations and thereby create the basis for suggesting 
possible solutions to the problem. In COMESEP a false alarm is defined as a solar 
event with characteristics that would lead one to expect either a magnetic storm 
and/or an SEP event, but which does not actually produce one. The first part of this 
task was to identify a list of potential geo-effective solar events which did not 
cause significant space weather effects (e.g. the event did not hit the Earth/ the 
event did not contain significant southward IMF for geomagnetic storms, no or 
poor magnetic connection to source region for SEPs). 

DEVELOPMENT OF FORECASTING METHODS 

To develop the various forecasting methods the models describing the 
propagation of CMEs and SEPs for space weather forecasting will be optimised 
and built upon the scientific understanding obtained in Section 2. An automated 
CME detection system will be implemented and the Project is obtaining  
information on the background solar wind parameters from several solar wind 
models. The Project will link the CME detection system and solar wind modelling 
with the CME and SEP forecasting tools so that key parameters from the former 
are passed to the tools. 

The first component of the COMESEP pipeline is an automated system capable 
of detecting CMEs and determining the key parameters. This is CACTus  
(http://sidc.be/cactus) which autonomously detects CMEs in image sequences from 
SOHO/ LASCO in near-real time (Robbrecht and Berghmans, 2004). This tool will 
be used in conjunction with NEMO (Novel EIT wave Machine Observing, 
http://sidc.be/nemo, Podladchikova and Berghmans, 2005) to identify frontside 
CMEs. 

The ICME propagation model being developed within the COMESEP Project 
requires information on the background solar wind as input. Two models, 
[ENLIL/MAS (MHD-Around-A-Sphere); Linker et al., 1999; Mikic et al., 1999; 
Riley et al., 2001] and [ENLIL/WSA (Wang–Sheeley–Arge); Arge and Pizzo, 
2000] were used. Both models were found to reproduce general features of 
background solar wind and recurrent structures. However predicted arrival times of 
high speed solar wind streams have uncertainties of about 1 – 1.5 days. In addition, 
an empirical method that predicts solar wind conditions based on a fully automatic 
algorithm for identifying coronal holes in SOHO EIT 195 � images (Rotter et al., 
2012) was assessed. Using this latter method the best results were obtained for 
predictions of solar wind speed. 

As part of the work a preliminary version of an online tool for forecasting solar 
wind characteristics and geomagnetic activity associated with co-rotating 
interaction regions has been made available at http://oh.geof.unizg.hr/CH/ch.php. 

ALERT SYSTEM 

A main objective of the Project is to create a system alerting about potential 
harmful space weather events, to provide an automated integrated start-to-end 
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service, and to disseminate alerts to space weather vulnerable industries. The 
system will work as a patchwork of building blocks distributed on several nodes 
that interact with each other. The system will be event driven and can 
communicate alerts to the end users.  

In addition to the forecasting methods described above, a number of additional 
tools are also being considered for development and inclusion in the COMESEP 
alert system. These tools aim at easing the tasks of forecasting ICME arrival times 
and estimating the risk of SEP events.  

Once all the building blocks are set together and working, the system needs to 
deal with the risk analysis for geomagnetic and SEP radiation storms. The work 
planned here consists of identifying different types of users that regularly 
experience the effects from SEP radiation storms (e.g. human exploration, satellite 
operators) and geomagnetic storms (e.g. power companies, global positioning 
system users, satellite operators), and perform a risk-analysis for these users. In 
general, a risk matrix will be implemented. Considering the magnitude of the event 
vs. the likelihood of occurrence, the output of this system will provide low, 
medium, high and extreme level risk alerts. 
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