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What this talk is NOT about

Space weather focuses on the understanding and forecasting of solar 
activity for operational purposes

empirical quantities that are easily accessible (proxies) are often preferred to 
physical variables that require post-processing

empirical and semi-empirical models often are frequently used

long-term records are important for carrying out statistical studies
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Solar radio emissions are both a powerful diagnostic

and a major nuisance for telecommunications
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Bala et al., Radio Science (2002)
Frequency of radio bursts that are likely to affect wireless communications
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Where radio observations can contribute 
to space weather applications

microwave emissions 
tracers for short- and long-term solar activity

decimetric-metric emissions
coronal type III and type II emissions as tracers for CME liftoff
characterisation of Solar Energetic Particle (SEP) acceleration sites
location of coronal holes
(Interplanetary Scintillations)
 

emissions below ionospheric cutoff  
type II emissions as tracers for the propagation of interplanetary CMEs
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Proxies for solar activity

The solar microwave flux is widely used as a proxy for solar irradiance

The flux at 10.7 cm is still by far the most widely used gauge of solar 
activity

continuous measurements since Feb. 1947
relatively easy to measure : few calibration or site choice problems
no latency in measurement

But  there are several other (and often better) proxys around
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Proxies for solar activity
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Proxies for solar activity
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** Same plot as before, but only for variations < 80 days **



MEDOC 11/04

solar radioastronopmy - 
Meudon June 2009

The flux at 10.7 cm

The radio flux at 10.7 cm is used as  THE  solar input in many ionospheric/
thermospheric/atmospheric specification models

It is a good all purpose solar proxy

But attempts to provide a better description of the solar spectral 
variability have failed
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Why is the 10.7 cm flux such a good proxy ?
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Thermal bremsstrahlung or gyroresonance ?

What is the origin of the cm flux ?
thermal bremsstrahlung = optically thin corona
gyro-resonance emission = optically thick sunpots

Both types of emissions coexist with 
a wavelength-dependent ratio 
[Tapping 1987, Schmahl & Kundu, 1985]
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Thermal bremsstrahlung or gyroresonance ?

The baseline of the radio flux is most strongly correlated with indices 
that quantify plages and faculae (MgII index, CaK index, MPSI)
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Thermal bremsstrahlung or gyroresonance ?

The envelope of the radio flux is most strongly correlated with indices 
that quantify sunspots (sunspot index, MWSI)

12

1980 1982 1984 1986 1988 1990 1992
−2.5

−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

2.5

year

no
rm

al
is

ed
 a

m
pl

itu
de

s

 

 
MPSI
radio baseline

1980 1982 1984 1986 1988 1990 1992
−3

−2

−1

0

1

2

3

4

year

no
rm

al
is

ed
 a

m
pl

itu
de

s

 

 
MWSI
radio amplitude

radio flux @ different 
wavelengths 
(Toyokawa Obs.)

Mount Wilson Sunspot 
Index (MWSI)



MEDOC 11/04

solar radioastronopmy - 
Meudon June 2009

Comparison with other «quiet Sun» proxies
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Comparison with other «quiet Sun» proxies
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Conclusions (1)

For practical and physical reasons, the solar radio flux at 10.7 cm remains 
an excellent all-purpose solar activity proxy

Synoptic observations at different wavelengths (ideally 3 & 10.7 cm) 
allow to partly separate the different contributions

Both can be measured at Nançay

Long-term and well calibrated observations are vital [Tanaka et al., 1973]
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Other uses of solar radio observations

15
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Decametric emissions and CMEs

Radio observations of the limb are useful for characterising CME liftoff      
(= early warning) before coronagraph observations take over.

16

Marqué et al., 
ApJ (2002)
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Decametric emissions and CMEs

Advantages for space weather

High cadence, no latency

Ideal for observations on the disk (detection of halo CMEs)

Disadvantages

Need 3 similar instruments worldwide to have continuous coverage

Post-analysis is needed to robustly infer CME characteristics

17
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Coronal hole location

The location of coronal holes is important for determining the impact of 
fast solar streams (= major cause of instrument failures)

Decametric radio observations 
are a complement to EUV imaging

Advantage : complement to EUV 
observations

18

Chiuderi-Drago et al. A&A (1999)
emissions at 410 MHz are overlaid
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Type III emissions and SEPs

Long duration type III radio bursts are usually associated with Solar 
Energetic Particle (SEP) events  [Cane et al., 2002; MacDowall et al., 2003]

19

[6] SEP detections by near-Earth spacecraft indicate
magnetic connection between the acceleration region and
the spacecraft for these events. Three groups of events serve
as ‘‘control’’ populations. Control group 1 (flares with no
SEPs) consists of 25 solar events with soft x-ray (SXR)
flares of class !M3.0, location !W30 solar longitude, and
no SEP flux >10"3 pfu at 20 MeV (Wind EPACT data) (E.
Cliver, personal communication). Control group 2 (fast
CMEs with no SEPs) consists of 19 solar events based on
fast CMEs with speeds !700 km/s; location !W30 solar
longitude, and no SEP flux >10"3 pfu at 20 MeV (E. Cliver,
personal communication). In each group, one event was
excluded from the original list because of a Wind Waves
data gap. Control group 3 is a list of 38 3He-rich SEP events
prepared for the workshop by S. Yashiro. Because this list
consists of events observed near-Earth, it indicates magnetic
connection to the source comparable to the CDAW study
events. Since the 3He-rich events are impulsive SEP events
generally believed to be associated with solar flares, as
distinct from CME/shock-produced gradual SEP events, this
list is also a useful control group.
[7] To measure the type III event durations in a consistent

manner, the start and end times of each radio event were
determined by computer algorithm using 1-min average
Wind Waves data. The ‘‘definition’’ for a long duration

event is at least 10 min with flux density exceeding 4 times
(6 dB) the daily background at that frequency. The algo-
rithm produces unbiased measurements similar to what a
human observer would determine to be the start and end of
the intense event, as confirmed by examination of start and
end times overplotted on Wind Waves dynamic spectra.
[8] In Table 1, a summary of the event durations derived

for the Wind Waves RAD1 1 MHz dataset is presented for
the four groups. The CDAW events have a significantly
higher likelihood of long duration than any of the three
control groups. It is particularly striking that for control
groups 1 and 2, there are often no clearly associated type III
bursts, i.e., no radio event. (When the only type IIIs are
weak ‘‘storm’’ bursts, then we assume no association, i.e.,
there is ‘‘no radio event’’.) For all three control groups, the

Figure 1. Six dynamic spectra of Wind Waves radio data. The intensity of the radio emission relative to
background as a function of time and frequency is displayed using a color (or gray) scale. The 1 MHz
intensity profile is overplotted (white) on each panel. Panels (a) and (b) are two of the complex CDAW
SEP events. Panels (c) and (d) are typical examples of the control groups 1 and 2, respectively. Panels (e)
and (f) are two examples of the 3He-rich group. Panel (e) shows the relatively long duration of several
similar type III burst events which are apparently groups of a number of closely-spaced components; the
event associated with the 3He event starts at #16:10. Panel (f) shows one example of a more complex
radio burst associated with a 3He-rich SEP event; such complex events are not common in this group.

Table 1. Event Duration Statistics - Wind Waves RAD1 1 MHz
Data

Group Events !10 min Events <10 min No radio event Total

CDAW SEP 43 (91%) 4 (9%) 0 (0%) 47
Control 1 8 (32%) 4 (16%) 13 (52%) 25
Control 2 9 (47%) 6 (32%) 4 (21%) 19
3He-rich 15 (39%) 22 (58%) 1 (3%) 38

SEP 6 - 2 MACDOWALL ET AL.: TYPE III RADIO BURSTS AND SEP EVENTS

MacDowall et al., GRL (2003)
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Type III emissions and SEPs

Advantages

type III bursts are tracers of SEP propagation and intensity [talk by L. Klein] 

Disadvantages

geoeffectiveness of SEP does not solely depend on solar acceleration process

same as for CME tracking

20
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Interplanetary shocks

Interplanetary type II emissions are the signature of approaching 
interplanetary perturbations

But this technique is not fully safe: not all perturbations have a clear radio 
signature...

21

Reiner et al., JGR (2001)
Dynamic spectrum of 8 Feb. 2000 event
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Automatic recognition

An important issue is the robust 
and automatic detection of 
specific radio signatures

22

Lobzin et al., Space Weather (2009)
Automatic detection of a type III burst
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Automatic recognition

An important issue is the robust 
and automatic detection of 
specific radio signatures
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Tamaazousti & DdW (2008)
Automatic detection of a type II burst from 

WIND dynamic spectra   (22 March 2002)
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Tamaazousti & DdW (2008)
Automatic detection of a type II burst from 

WIND dynamic spectra   (22 March 2002)
time [UT]

pe
rio

d 
[m

s]



MEDOC 11/04

solar radioastronopmy - 
Meudon June 2009

Conclusions (2)

Radio imaging in the metric/decimetric range is a useful complement for 
diagnosing 1) CME liftoff, 2) coronal holes and 3) SEPs

but the transition to an operational tool still requires considerably more work 

Dynamic spectra < 10 MHz are a powerful diagnostic for impending 
shocks

but they are not fully reliable
(need more sensitive detectors)
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