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COMESEP Overall Objectives

Combine basic research on space weather events with the
development of an European space weather alert system.

Optimise models and forecasting methods based on obtained
scientific results.

Link the derived SEP and interplanetary CME (ICME) forecast
tools with real-time automated detection of CMEs.

Integrate individual detection tools and models into an
automated “start-to-end-service” system.

Disseminate SEP radiation storm and geomagnetic storm
alerts to the European space weather community.



COMESEP Overall Goal & WP Overview

Build an operational
European space weather
alert system to forecast
SEP radiation storms and
geomagnetic storms
based on risk analysis.

Realisation of the project

has been based on:

e extensive data
analysis,

e model development,

e risk assessment.
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WP2: CORONAL MASS EJECTIONS

e Much better understanding of and insight into the:

e Evolution of ICME 3-D geometry.

e Physical background of ICME-ICME interactions and the
role of variable solar wind in ICME kinematics.

e Evolution of the ICME size, magnetic field strength, and
electric current during the heliospheric propagation.

e Solar cycle dependence of the ICME dynamics.

e Found a way to include the shock-arrival prediction into the
drag-based-model (DBM) and the effect of source region
position in the forecasting.



WP3: SOLAR ENERGETIC PARTICLES

DATA ANALYSIS:

|Identified particle reservoirs in the 3-D heliosphere, established compositional
and spectral invariance during reservoir periods.

Showed importance of reflecting boundaries for formation of particle reservoirs.

Explained initial, transient Fe/O enhancements in large, gradual events and
entire temporal profile of Fe/O by rigidity-dependent transport rather than
direct flare contribution

Investigated the possibility to forecast the proton event duration in the later
phase of a GLE event based on the faster electron measurements at the GLE
onset.

SEP TEST PARTICLE MODEL DEVELOPMENT:

|dentified particle drifts for the first time as significant for SEP propagation in the
IMF (especially: partially ionized heavy ions).

Results led to basic understanding of the acceleration and transport of SEPs and
to the construction of the SEP propagation model used for the COMESEP Alert
System.

Propagation processes were included and taken into account in the model.



WP4: SPACE WEATHER IMPACT

Statistical relations between key parameters of solar eruptions,
their geo-efficiency and their SEP characteristics were resolved.

New empirical methods to assess geo-efficiency of CMEs with
large lead times as well as SEP event characteristics were
developed and incorporated into the COMESEP Alert System.

Identified important ingredients in the chain of processes from
Sun to Earth leading to extreme geomagnetic storms.

|dentified key parameters leading to geomagnetic storm false
alarms, and a scheme to include them in the Alert System was
developed.



WP5: DEVELOPMENT OF
FORECASTING METHODS

e Built tools for the automated real time detection of solar flares
and CMEs, and derived their characteristics.

e Developed tools for forecasting the arrival of an ICME (DBM) and
the arrival of SEPs (SEPForecast).

e Both forecasting tools (DBM and SEPForecast) were prepared for
integration in the COMESEP Alert System, able to adapt to the
number and type of inputs detected in real time.
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WP6: SPACE WEATHER ALERT SYSTEM

e The COMESEP Alert System is running in real time, automatically
and without human intervention.

e The forecast tools were validated using historical data.
e The Alert System was evaluated by external users.

e Users can access the results on the webpage and subscribe to
email alerts.

e Help pages and Alert System documentation are available.
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Mini-User COMESEP Alert System Meeting

BIRA-IASB, Brussels, Belgium, 24 Jan. 2014
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Attendees

1. COMESEP Advisory Board
e Karl-Ludwig Klein, Observatoire de Meudon, France
e Angelos Vourlidas, Naval Research Laboratory, U.S.A.

e Aleksandar Jovanovic, Steinbeis Advanced Risk
Technologies, Germany

2. COMESEP External Collaborators

e Nandita Srivastava, Udaipur Solar Observatory, India

e M. Leila Mays, CCMC at NASA Goddard Space Flight
Center, U.S.A.

3. End Users
e Dave Pitchford, SES Engineering, Luxembourg

e Johan De Keyser, BIRA-IASB, Belgium
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Main Achievements

Built an operational Alert System by integrating
individual tools into an automated start-to-end Alert
System.

“Research to Operations”

COMESEP has provided:

e More awareness on the links that exist between
the SEP, CME, and terrestrial effects communities.

A platform for increasing international
collaboration on space weather forecasting.



