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Abstract

The Sun is the prime source of energy in our solar system and it is the prime source of
space weather. Although its energy release at visible wavelengths of the electromagnetic
spectrum is fairly constant in time, other forms of energy output vary substantially on
various spatial and time-scales by orders of magnitude. These forms of solar variability
manifest themselves in different physical processes in interplanetary space and have
different consequences for the celestial bodies in the region of space affected. The
fundamental principles of these processes have been unravelled through successful
operation of dedicated space missions over the past decades. Today missions like
STEREO, SDO, Proba2, ACE and Wind, to name some prominent ones, a fleet of
spacecraft in the inner heliosphere allows us to analyze the physics of the Sun-Earth
system in an unprecedented manner. Quantification of space weather processes is the
crucial near-term path to help establish reliable space weather operational forecast
systems. New activities of the EU and ESA programs currently foster projects that aim at
mitigating harmful effects on state-of-the-art technological systems that have become
essential to modern society, such as GPS systems. These activities are timely because
many modern technology are vulnerable to space weather effects, comparable to the
problems generated by the electrical currents induced in telegraph lines during strong
geomagnetic storms, e.g., during the famous Carrington event in 1859.

This opening lecture will provide an interdisciplinary review on how the field of space
weather has historically developed from solar-terrestrial physics and it will introduce the
basic definitions and physics principles in solar and heliospheric physics that are
fundamental for the main space weather processes. This introduction will provide baseline
knowledge for the following detailed lectures on current theories, models and simulation
methods on the different physical layers and coupling mechanisms of the Sun-Earth
system, and for the broad range of subjects ranging from space weather data analysis,
application of tools, instrumentation and mission development, forecasting methods,
existing infrastructures and assets to upcoming projects and activities that will be held the
next two weeks by prominent lecturers at this “International Advanced School on Space
Weather Modelling and Applications” at the Trieste Centre for Theoretical Physics.
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Solar and heliospheric physics, space plasma physics, solar energetic particles, cosmic rays, physics of the
earth’s magnetosphere and ionosphere, science and technology studies of future space missions and
instrumentation. Prime focus: Physics of coronal mass ejections and their impact on the heliosphere,
especially on geo-space and their space weather effects.
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