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1 Extended Abstract

Radio observations of heliospheric plasmas, and particularly radio observations of the Sun, are of threefold interest
for space weather: (1) Solar radio bursts may on occasion be a space weather hazard of their own, when strong
bursty emission perturbs communication frequencies used, e.g., for GNSS navigation or air traffic control radar.
(2) Because of their ability to trace eruptive activity in the corona, spectrographic and imaging observations at
radio frequencies are a tool in post-event analyses to identify the context where hazardous events arise. (3) Since
radio emission is an early messenger of eruptive processes in the solar corona, it can serve as a forecast tool. The
latter aspect will be the focus of the present contribution.

Coronal mass ejections (CMEs) and solar energetic particles (SEPs) may reach the plasma environment of the
Earth. Ionisation of the polar atmosphere by SEPs and during magnetic storms and geomagnetically induced
currents during the interaction of CMEs with the Earth’s magnetosphere are well-known space weather hazards.
SEPs are a danger for manned spaceflight outside the Earth’s magnetosphere, and a possible hazard even within it.
Forecasting skills must therefore be developed, and a variety of methods are used for this. This talk will attempt to
show how radio observations can contribute to this endeavour:

1. Different kinds of radio bursts at metre and longer wavelengths trace the presence of electrons in extended
magnetic structures of the corona and the escape of electrons to interplanetary space along open magnetic
field lines. It will be shown that the presence or absence of these radio bursts also provide a criterion to
distinguish solar events that are or are not accompanied by SEP events.

2. The non thermal microwave emission of solar flares will be shown to be a valuable tool in SEP forecasting
schemes that are based on the first observational signatures of eruptive events in the corona. We explore es-
pecially a scheme developed at the University of Malaga (Spain), where soft X-ray emissions are used along
with detection of early rises of the proton flux at 1 AU. We show that microwave flux density measurements
are as valuable a tool as soft X-rays, and may even decrease the false-alarm rate. We also discuss the idea
that the relative importance of the microwave burst at high frequencies (15 GHz vs 9 GHz) is empirically
related to the hardness of the proton energy spectrum in space.

3. We then show that a correlation of microwave fluence near 9 GHz exists with the propagation speeds of
CMEs, and that this relationship can be used to estimate the CME speed when the propagation is directed
earthward, so that the speed cannot be directly measured with a coronagraph on the Sun-Earth line. We apply
the microwave proxy to estimate propagation times of selected earthward-travelling CMEs, and compare the
predictions with other methods and with in situ measurements. A major limitation of the comparison is the
question where the CME is intercepted by the spacecraft: ideally the forecasting method predicts the arrival
of the nose of the CME at 1 AU. This may not occur at the Earth. When the flank of the CME is intercepted
by the Earth, the predicted arrival (at 1 AU) should precede the observed one (at Earth). This turns out to be
indeed the case. Presently available scoreboards of CME arrival prediction do not consider this effect, and
may hence lead to erroneous conclusions.

We briefly discuss the physical reasons for the empirical relationships that are proposed for these space weather
applications. It is concluded that radio observations are a valuable tool to help space weather forecasting that could
be considered for operational services.
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