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ABSTRACT

Solar activity, in particular coronal mass ejections (CMEs), are often accompanied by bursts of

radiation at metre wavelengths. Some of these bursts have a long duration and extend over a wide

frequency band, namely, type IV radio bursts. However, the association of type IV bursts with coronal

mass ejections is still not well understood. In this article, we perform the first statistical study of type

IV solar radio bursts in the solar cycle 24. Our study includes a total of 446 type IV radio bursts that

occurred during this cycle. Our results show that a clear majority, ∼ 81% of type IV bursts, were

accompanied by CMEs, based on a temporal association with white-light CME observations. However,

we found that only ∼ 2.2% of the CMEs are accompanied by type IV radio bursts. We categorised

the type IV bursts as moving or stationary based on their spectral characteristics and found that only

∼ 18% of the total type IV bursts in this study were moving type IV bursts. Our study suggests that

type IV bursts can occur with both ‘Fast’ (≥ 500 km/s) and ‘Slow’ (< 500 km/s), and also both ‘Wide’

(≥ 60◦) and ‘Narrow’ (< 60◦) CMEs. However, the moving type IV bursts in our study were mostly

associated with ‘Fast’ and ‘Wide’ CMEs (∼ 52%), similar to type II radio bursts. Contrary to type II

bursts, stationary type IV bursts have a more uniform association with all CME types.

Keywords: Sun: activity, corona, coronal mass ejections (CMEs), radio radiation, sunspots

1. INTRODUCTION

Coronal mass ejections are large eruptions of magnetised plasma from the Sun (Webb & Howard 2012) that are

often accompanied by radio emission (White 2007), generated by the energetic electrons produced during these erup-

tions (Gopalswamy et al. 2004). These electrons can generate radio emission in the corona through various emission

mechanisms (Melrose 1980). The most common radio bursts associated with CMEs are type II and type IV bursts

(see for details, Gergely 1986; Claßen & Aurass 2002; Vasanth et al. 2016; Kumari et al. 2017a,b, 2019; Morosan, D.

E. et al. 2020; and the references therein).

CMEs are often accompanied by broadband continuum emission at decimetric and metric wavelengths, known as

type IV radio bursts (Pick 1986), that can have either stationary or moving sources and various emission mechanisms

(for a review, see Bastian et al. 1998). Moving type IV radio bursts (hereinafter referred to as type IVm) were first

classified by Boischot (1957) as broadband radiation propagating away from the Sun. This emission was believed to

originate due to synchrotron or gyro-synchrotron emitting electrons, gyrating inside helical magnetic fields within the

CME flux rope (Boischot & Clavelier 1968; Dulk 1973). Stationary type IV radio bursts (hereinafter referred to as

type IVs) have also since been discovered originating due to plasma emission (Weiss 1963; Benz & Tarnstrom 1976;

Salas-Matamoros & Klein 2020) and, at the same time, the plasma emission mechanism has also been attributed to
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some type IVm bursts (Gary et al. 1985; Vasanth et al. 2019; Morosan, D. E. et al. 2020). A type IV burst forming

a ‘radio CME’ was first reported by Bastian et al. (2001), as an ensemble of CME radio loops imaged by the Nançay

Radioheliograph. A similar ‘radio CME’ has later been reported by Maia et al. (2007). These loops are believed to be

made visible at radio wavelengths due to synchrotron emitting electrons.

Of particular interest in the studies of type IV radio bursts is their potential to provide estimates of the CME

magnetic field strength (for example, Gopalswamy & Kundu 1987; Bastian et al. 2001; Ramesh et al. 2004; Maia et al.

2007; Bain et al. 2014; Hariharan et al. 2016; Carley et al. 2017). The magnetic field dictates the dynamics of the

CME eruption and its space weather consequences (for example, Kilpua et al. 2017), but it has rarely been measured

remotely and most measurements of the CME magnetic field rely on in situ observations at 1 AU (for example,, Kilpua

et al. 2019). Remote type IV observations have been used to estimate the magnetic field strength in CMEs, some of

which found a range of values, for example, <1 G at 2 R� (Maia et al. 2007), 5–15 G at 1.5 R� (Tun & Vourlidas

2013), and 1 G at 2.2 R� (Hariharan et al. 2016). However, there are currently some difficulties in explaining type IV

emission as this radiation can be emitted by various emission mechanisms and sometimes multiple emission mechanisms

contribute to the observed continuum emission (Morosan et al. 2019). The association of CMEs with type IV bursts

is also poorly understood. Some statistical studies were carried out in previous solar cycles (Gergely 1986; Robinson

1978). Robinson (1978) studied 23 type IV bursts with Culgoora spectropgraph and proposed a new model involving

synchrotron radiation from electrons to overcome the limitations of the plasmoid theory (Dulk 1973; Schmahl 1973).

Gergely (1986) found that approximately one-third to one-half of the type IV bursts observed were associated with

CMEs, however this study was carried out before the availability of modern spacecraft observations. Therefore, more

detailed statistical studies on the relationship between type IV emission and their association with CMEs are required.

Extensive databases of both radio bursts and CMEs from ground and space based observatories over an entire solar

cycle can now facilitate this type of study. Statistical studies have already been carried out on other types of radio

bursts associated with CMEs, for example, type II bursts (Lara et al. 2003; Kahler et al. 2019), showing that these

bursts are almost always associated with ‘Fast and Wide’ CMEs. However, there is no such association made yet in

the case of type IV bursts.

In this article we perform a statistical study on the association of type IV radio bursts to CMEs in solar cycle 24.

The paper is organised as follows: Section 2 presents the observational data used for this work. The detailed data

analysis methods are presented in Section 3. Section 4 contains the results of this analysis which are further discussed

in Section 5.

2. OBSERVATIONS

2.1. CME Observations

In this study, we use CMEs detected using the Large Angle and Spectrometric Coronagraph (LASCO) onboard

the Solar and Heliospheric Observatory (SOHO; Brueckner et al. (1995)) and the Cor1 and Cor2 coronagraphs from

the Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI; Howard et al. (2008)) onboard the Solar

Terrestrial Relationship Observatory (STEREO). The SOHO spacecraft orbits at the Earth’s L1 Lagrangian point.

LASCO is a set of three coronagraphs, which observes the Sun from 1.1-3 R� (LASCO-c1), 2.5-6 R� (LASCO-c2)

and 4-32 R� (LASCO-c3). LASCO-c2 and LASCO-c3 are currently operational with a spatial resolution of 11.4
′

and

of 56
′
, respectively. The image time cadence is ∼ 12 min for both the coronagraphs. We used the CMEs listed in the

Coordinated Data Analysis Workshop (CDAW) CME database1. CDAW is an online CME catalogue (Yashiro et al.

2004, 2008; Gopalswamy et al. 2009) which contains manual detections of CMEs observed with LASCO. The CME

catalogue contains CMEs identified since the launch of SOHO in 1996 and it includes CME properties such as speed,

position angle, acceleration, mass, and kinetic energy, along with CME plots and movies2.

The STEREO spacecrafts are two identical spacecrafts, Ahead (A) and Behind (B), orbiting the Sun ahead and

behind the Earth, respectively. SECCHI has two white-light coronagraphs, Cor1 and Cor2, which observe the Sun

from 1.3-4 R� and 2-15 R�, respectively. These coronagraphs provide polarised maps of high temporal and spatial

resolution (7.5
′

and 15
′
, respectively). For Cor1, we used the CME detection provided by the Goddard Space Flight

Center(GFSC) Cor1 website3. For Cor2, we used the CME list provided on the Solar Eruptive Event Detection

1 https://cdaw.gsfc.nasa.gov/
2 https://cdaw.gsfc.nasa.gov/CME list/index.html
3 https://cor1.gsfc.nasa.gov/catalog/

https://cdaw.gsfc.nasa.gov/
https://cdaw.gsfc.nasa.gov/CME_list/index.html
https://cor1.gsfc.nasa.gov/catalog/
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Figure 1. Left panel: Solar radio dynamic spectra of a moving type IV burst on October 18, 2017. The duration of the burst
is ∼ 7 minutes and it shows a frequency drift of ∼ 0.09 MHz/s from 160 MHz to 60 MHz. Right panel: Solar radio dynamic
spectra of a stationary type IV burst on October 03, 2011. The duration of the burst is ∼ 7 hours.

System (SEEDS)4 website, which automatically detects solar eruptions. We also used the list of CMEs detected in

Cor2 coronagraphs of STEREO-A and STEREO-B provided by Vourlidas et al. (2017)5.

2.2. Radio Observations

The occurrence of radio bursts is provided by the event lists from the Space Weather Prediction Center6, which

catalogues radio events since the year 19967. SWPC collects the reports from contributing stations, compiles them,

and updates the list every ∼ 30 minutes. This list is manually reviewed and it includes radio bursts, optical and X-

ray flares, and properties of these emissions. The contributing observatories are Culgoora spectrograph8, Learmonth

spectrograph9, optical observatories, for example, Holloman Solar Observatory10 and GOES satellite data11.

3. DATA ANALYSIS

The SWPC list described in the previous section is used to extract the type IV radio bursts and their properties

(such as start time, duration, and bandwidth) during solar cycle 24. We divided the type IV bursts into two subgroups:

i) moving type IV bursts (IVm); and ii) stationary type IV bursts (IVs), based on their spectral characteristics (drift

rates and duration).

The drift rate (DR) was calculated for type IVm bursts using the relation DR = FH−FL

t , where DR, FH , FL and t

are the drift rate, start frequency, end frequency and duration of the bursts, respectively. The duration of these bursts

is estimated using the relation t = tend − tstart, where t, tend and tstart are the duration, start time and end time of

the type IV bursts, respectively. For the stationary/moving type IV bursts classification, in addition to the drift rate,

we also considered the duration of the moving type IV bursts as mentioned by Robinson (1978) and Gergely (1986).

These studies reported that moving type IV bursts have duration of less than an hour. We first classified the type IV

bursts based on their duration. The drift rates for most of the moving bursts classified this way were ≥ 0.03 MHz. We

then manually checked the spectra of the rest of the type IV bursts (with duration > 1 hour and drift rates ≥ 0.03
MHz to determine if they are moving or stationary bursts. After these three steps, we prepared a list of moving type

IV bursts and the remaining bursts were classified as stationary type IV bursts.

Figure 1 shows an example of a type IVm (left) and a type IVs burst (right) that occurred on 17 October, 201712

and 03 October, 2011, respectively. Type IVm bursts generally have a large drift rate and a short duration (see for

example, Melnik et al. 2018). The type IVm burst in the left panel of 1 starts at ∼ 5:38 UT and lasts for ∼ 7 minutes,

with a drift rate of ∼ 0.09 MHz/s. Type IVs bursts in turn have negligible drift rates and can last for few minutes

up to a few hours (see for example, Pick 1986). The type IVs burst in the right panel of Figure 1 starts at ∼ 00:20

UT and lasts for ∼ 7 hours. We would like to note that not all the type IVm bursts are short-lived (i.e. duration

≤ 1 hour). For example, previous case studies by Ramesh et al. (2013) and Vasanth et al. (2019) have shown that

duration of type IVm bursts were > 1.5 and > 2.5 hours, respectively. However, the amount reported long duration

4 http://spaceweather.gmu.edu/seeds/secchi/detection cor2/monthly/
5 http://solar.jhuapl.edu/Data-Products/COR-CME-Catalog.php
6 https://www.swpc.noaa.gov/products/solar-and-geophysical-event-reports
7 ftp://ftp.swpc.noaa.gov/pub/warehouse/
8 https://www.sws.bom.gov.au/Solar/2/2
9 https://www.sws.bom.gov.au/Solar/3/2
10 https://www.holloman.af.mil/News/Display/Article/1801805/holloman-solar-observatory/
11 https://www.goes.noaa.gov/
12 http://soleil.i4ds.ch/solarradio/qkl/2017/10/18/ALMATY 20171018 053000 58.fit.gz.png

http://spaceweather.gmu.edu/seeds/secchi/detection_cor2/monthly/
http://solar.jhuapl.edu/Data-Products/COR-CME-Catalog.php
https://www.swpc.noaa.gov/products/solar-and-geophysical-event-reports
ftp://ftp.swpc.noaa.gov/pub/warehouse/
https://www.sws.bom.gov.au/Solar/2/2
https://www.sws.bom.gov.au/Solar/3/2
https://www.holloman.af.mil/News/Display/Article/1801805/holloman-solar-observatory/
https://www.goes.noaa.gov/
http://soleil.i4ds.ch/solarradio/qkl/2017/10/18/ALMATY_20171018_053000_58.fit.gz.png
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Table 1. Number of events for 2009-2019

Year CMEs % CMEs Type IV % Type IV Type IVm % Type IVm Type IVs % Type IVs

2009 746 4.6 % 1 0.2 % 0 0.0 % 1 0.3 %

2010 1117 6.9 % 3 0.7 % 1 1.2 % 2 0.5 %

2011 1990 12.4 % 65 14.6 % 14 17.5 % 51 13.9 %

2012 2177 13.5 % 80 18.0 % 14 17.5 % 66 18.0 %

2013 2338 14.5 % 83 18.6 % 17 21.3 % 66 18.0 %

2014 2478 15.4 % 127 28.4 % 14 17.5 % 113 30.9 %

2015 2058 12.8 % 51 11.5 % 12 15.0 % 39 10.7 %

2016 1393 8.7 % 16 3.6 % 3 3.8 % 13 3.6 %

2017 786 4.9 % 20 4.4 % 5 6.2 % 15 4.1 %

2018 476 2.9 % 0 0 % 0 0.0 % 0 0.0 %

2019 543 3.4 % 0 0 % 0 0.0 % 0 0.0 %

All 16107 100.0 % 446 100.0 % 80 17.9 % 366 82.1 %

type IVm bursts are very less in this solar cycle, hence we used the duration criteria mentioned by Robinson (1978)

and Gergely (1986) for the large number of type IV bursts (446 bursts) presented in this study. To understand the

origin, emission mechanism and evolution of type IVm and IVs bursts, case studies are important (see for example,

Koval et al. (2016); Liu et al. (2018); Morosan et al. (2019); and the references therein).

In order to study the association of type IV bursts with CMEs, we extract the CMEs and their properties (such

as start time, position angle, angular width and linear speed) from LASCO, STEREO-A and STEREO-B catalogues.

Since white-light CME images use an occulting disc, the first appearance of CMEs in the LASCO C2 field of view

(FOV) is expected to be later in time than the onset of the type IV bursts. The first appearance of the CME in

LASCO-c2 FOV depends upon the speed and acceleration of the CME. For the CME-type IV association, we used

the following criteria: a CME should appear in coronagraph FOV within ≈ 2 hours of the start time of the type IV

burst (we note that time between CME and type IV bursts association can vary depending on the location of the

ejection, for example, a limb CME may appear early in coronagraph images). Both of these criteria were chosen to

assure that the correct pair of white-light CME and radio signature were connected. In the case that these criteria

were not enough to determine a CME association within SOHO/LASCO-c2 and STEREO-cor2, the STEREO-cor1

coronagraph data was investigated manually.

4. RESULTS

The total number of CMEs and type IV bursts observed in Solar Cycle 24 is shown in Table 1. Figure 2 shows
the histogram of occurrence of CMEs (from LASCO only) and type IV bursts in solar cycle 24. There were total

16107 CMEs reported with SOHO/LASCO and additional 5944 with STEREO-A and B combined. Figure 2 indicates

that the CME occurrence rate follows a Gaussian distribution with the peak during the maximum of this solar cycle

(Jan–June, 2014). Our analysis shows that there were ∼ 60% more CMEs during the rising phase compared to the

declining phase of the cycle. The majority of CMEs, ∼ 66% occurred during the peak years of this cycle (2012-2016).

In total, 446 type IV bursts were observed in this cycle, of which ∼ 82% (366) were stationary (type IVs) and the

remaining ∼ 18% (80) were moving (type IVm). From all type IV bursts included in this study, 359 type IV bursts

(∼ 81%) showed a temporal and spatial correlation with CMEs, while only ∼ 2.2% of the CMEs were accompanied by

type IV bursts. There were no type IV bursts observed during the start and end years of the solar cycle 24, i.e 2009,

2018 and 2019. These were the years of the lowest solar activity. Figure 2 and Table 1 indicate that the distribution

of occurrence of type IV bursts, both type IVm and IVs, also follow approximately a Gaussian distribution with peaks

during January to June 2014, but with larger year to year variations.

We categorised all CMEs based on their linear speeds and angular widths as ‘Fast’, ‘Slow’, ‘Wide’ and ‘Narrow’

CMEs. CMEs with linear speed ≥ 500 km/s are classified as ‘Fast’ CMEs, with the remaining classified as ‘Slow’.

Similarly the CMEs with angular width ≥ 60◦ are classified as ‘Wide’ CMEs, with the remaining classified as ‘Narrow’

CMEs. Table 2 contains the list of CMEs and their properties based on their linear speed and width. Most of the

CMEs in this solar cycle were ‘Slow and Narrow’ (∼ 65%).
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Figure 2. The distribution of CMEs and type IV bursts in the solar cycle 24. Histogram for (a) all CMEs; (b) all type IVs
bursts; (c) all type IVm bursts; (d) all type IV bursts; (e) all type IVs bursts with CMEs; (f) all type IVm bursts with CMEs;

Table 2. Occurrence and association of CMEs with type IV bursts based on their speed and width: Fast (linear speed ≥ 500
km/s), Slow (linear speed < 500 km/s) Wide (angular width ≥ 60◦ ) and Narrow (angular width < 60◦) CMEs

Category CMEs % CMEs Type IVm % Type IVm Type IVs % Type IVs

Fast 2473 15.4 % 45 61.6 % 132 46.2 %

Slow 13634 85.6 % 28 38.4 % 154 53.8 %

Wide 4345 27.0 % 51 69.9 % 168 58.7 %

Narrow 11762 73.0 % 22 30.1 % 118 41.3 %

Fast & Wide 1216 7.6 % 38 52.1 % 102 35.7 %

Fast & Narrow 1257 7.8 % 7 9.6 % 30 10.5 %

Slow & Wide 3129 19.4 % 13 17.8% 66 23.1 %

Slow & Narrow 10505 65.2 % 15 20.5 % 88 30.7 %

All 16107 100.0 % 73 100.0 % 286 100.0 %

4.1. CMEs associated with moving type IV bursts and their properties

A distribution of the moving type IV bursts (type IVm) associated with CMEs in solar cycle 24 is shown in Figure 2(f).

Out of 80 type IVm bursts observed, 73 (∼ 91%) were accompanied by white-light CMEs. However, only ∼ 0.5% of

the total CMEs in this solar cycle were accompanied by type IVm bursts. Table 2 contains the list of type IVm bursts

which were associated with ‘Fast’, ‘Slow’, ‘Wide’ and ‘Narrow’ CMEs. Of these, ∼ 62% were associated with ‘Fast’

CMEs and ∼ 38% were associated with ‘Slow’ CMEs, unlike type II radio bursts where the majority are associated

with ‘Fast’ CMEs (Kahler et al. 2019). Similar to type II bursts (Kahler et al. 2019), ‘Wide’ CMEs are more likely to

be related to type IVm bursts than ’Narrow’ CMEs, with associations ∼ 70% and ∼ 30%, respectively. Figure 3 shows

histograms of the distribution of type IVm bursts associated with various CME types. The spread of type IV bursts in

this case also follows a Gaussian distribution with peaks during January to June 2014 (during the solar maximum) for
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Figure 3. The variation of angular width and linear speed of CMEs which were accompanied with type IVm bursts in the
solar cycle 24. Histogram for (a) Fast CMEs; (b) Slow CMEs; (c) Wide CMEs; (d) Narrow CMEs; (e) Fast and Wide CMEs;
(f) Fast and Narrow CMEs; (g) Slow and Wide CMEs; (h) Slow and Narrow CMEs.

‘Fast’, ‘Slow’, ‘Wide’ and ‘Narrow’ CMEs. For a combination of speed and width of CMEs, there are no clear trends

(see Figure 3 bottom panel histograms). Our analysis shows that over half of the type IVm bursts (∼ 52%) in this

solar cycle were associated with ‘Fast’ and ‘Wide’ CMEs. In turn, there were very few moving type IV bursts (∼ 10%)

associated with ‘Fast and Narrow’ CMEs (see Figure 3f).

4.2. CMEs associated with stationary type IV bursts and their properties

A distribution of stationary type IV (type IVs) bursts associated with CMEs is shown in Figure 2(e). Out of 366

type IVs bursts, 286 bursts (∼ 78%) were accompanied with white-light CMEs. Only ∼ 1.8% of the total CMEs in this

solar cycle were accompanied with type IVs bursts. Table 2 contains the list of type IVs bursts which were associated

with ‘Fast’, ‘Slow’, ‘Wide’ and ‘Narrow’ CMEs, similar to our analysis of moving type IV bursts in the previous section.

Type IVs bursts are almost equally associated with ‘Fast’ and ‘Slow’ CMEs, with ∼ 46% and ∼ 54%, respectively, and

also have quite similar associations with ’Wide’ and ’Narrow’ CMEs, with ∼ 59% and ∼ 41%, respectively. Figure

4 shows histograms of the distribution of type IVs bursts associated with various CME types. The spread of type
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Figure 4. The variation of angular width and linear speed of CMEs which were accompanied with type IVs bursts in solar
cycle 24. Histogram for (a) Fast CMEs; (b) Slow CMEs; (c) Wide CMEs; (d) Narrow CMEs; (e) Fast and Wide CMEs; (f) Fast
and Narrow CMEs; (g) Slow and Wide CMEs; (h) Slow and Narrow CMEs.

IV bursts in this case also follows a Gaussian distribution with peaks during January to June 2014 (during the solar

maximum). Our analysis shows that the type IVs bursts can be associated with CMEs of any speed and width. There

are very few type IVs bursts (∼ 10%) associated with ‘Fast and Narrow’ CMEs (see Figure 4f) similar to type IVm

bursts. However, almost ∼ 35% and ∼ 30% of the type IVs bursts associated with ‘Fast and Wide’ and ‘Slow and

Narrow’ CMEs, respectively. In general, stationary type IV bursts show a more uniform distribution with different

types of CMEs compared to moving type IV bursts.

4.3. Type IV bursts and their properties

We analyse the typical frequency–time characteristics of type IVm and type IVs bursts using the radio spectra as

shown in Figure 1. Figure 5 shows the variation in duration of type IVm and IVs bursts. Most of the type IVm bursts

(∼ 85%) had duration of a few minutes. Contrary to this, the duration of type IVs varies from a few minutes to a few

hours. This agrees with previous observations such as the type IV bursts analyzed by Pick (1986) and Melnik et al.

(2018) which lasted up to several hours. Salas-Matamoros & Klein (2020) also studied stationary type IV bursts with
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Figure 5. Histogram showing the variation of (a) the type IVs bursts duration in this cycle; (b) the type IVm bursts duration
in this cycle. Most of the bursts lasted for less than an hour. (c) the drift rates type IVm bursts in solar cycle 24.
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Figure 6. The number of CMEs (per year) and type IV bursts (per year) from 2009-2019. The number of type IV bursts are
very less as compared to the number of CMEs however, there is a very strong correlation (92%) between the occurrence of the
the white-light feature and radio emission.

durations of ∼ 7 hours. It is noteworthy to mention that in our study ∼ 2% of type IVs bursts had a duration longer

than 14 hours.

Our analysis shows that ∼ 95% of type IVm bursts had drift rates ≤ 0.5 MHz/s, Similar values were found by Melnik

et al. (2018) in the range ∼ 1 − 2 MHz/s. Figure 5c shows the drift rate of type IVm bursts, where the red dashed

line represents an exponential fit to the distribution.

5. DISCUSSIONS AND CONCLUSIONS

In this paper, we present the first comprehensive long-term statistical study of type IV radio bursts during solar

cycle 24, where we find a significant correlation between the occurrence of type IV radio bursts and CMEs, with ∼81%

of the observed bursts being accompanied by CMEs. The remaining ∼ 19% of type IV bursts (or 87 type IV events in

total) do not show a clear CME association. Only ∼ 18% of all bursts were type IVm bursts. Almost all the type IVm

bursts (∼ 91%) were associated with CMEs while for type IVs bursts the association was lower, ∼ 78%. The yearly

number of CMEs and type IV bursts which occurred during the solar cycle 24 is shown in Figure 6. The correlation

between the occurrence of these two events is ∼ 92%, which indicates that the occurrence of type IV bursts closely

follows the occurrence of CMEs. Thus, we conclude that a CME eruption may be necessary for the generation of Type

IV emission as opposed to non–eruptive flares.

Further investigations are needed to determine the source of type IV bursts not associated with white-light CMEs,

since they represent ∼ 19% (80) of the total number of type IV bursts. From these, 92% (80) are stationary and 8%

(7) are moving type IV bursts. One possible cause of this emission are stealth CMEs, which generally lack low coronal

signatures (for example, Robbrecht et al. 2009; D’Huys et al. 2014), but are sometimes also very difficult to detect or
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Table 3. The typical parameters type IV bursts in solar cycle 24

Parameter Type IV Type IVm Type IVs
Type IV Type IVm Type IVs

with CME with CME with CME

Duration (hh)

Mean 4.7 0.4 5.7 4.5 0.2 5.5

Median 3.2 0.4 4.7 2.7 0.4 4.3

Standard
4.2 0.2 4.1 4.3 0.2 4.2

Deviation

Drift Rate (MHz/s)

Mean - 0.1 - - 0.1 -

Median - 0.1 - - 0.1 -

Standard
- 0.2 - - 0.2 -

Deviation

Speed (km/s)

Mean - - - 684 876 634

Median - - - 494 583 475

Standard
- - - 599 743 546

Deviation

Width (deg)

Mean - - - 135 156 129

Median - - - 82 119 75

Standard
- - - 122 123 121

Deviation

are practically not visible in white-light signatures, even when viewed from the side (Kilpua et al. 2014). It is however

not clear how frequent the latter cases are.

For those type IV bursts that are not related to CMEs, we checked if they had a flare association. To do this, we

compared the start time of the type IV bursts with the start and/or peak time of flares. We found that only ∼ 16%

of the total number of type IVs had a flare association without a CME association. In these cases, the emission can

originate from electrons trapped inside post eruption flare loops that are accelerated during flaring processes (Morosan

et al. 2019). Therefore, a CME eruption is not always needed to justify type IV emission and type IV emissions can

also act as an important tool to diagnose the electron acceleration in the solar corona if there are no CMEs present.

The above result also indicates that that there is a non-negligible number of type IVs (14 in total in our study) that

lack both CME and flare association. These type IV bursts were found to occur either during the decaying phase of

the flare or associated with post-eruption loops (Morosan et al. 2019).

Our analysis shows that moving type IV emission were more frequently associated with ‘fast’ rather than ‘slow’

CMEs and with ‘wide’ rather than narrow CMEs. In turn, the occurrence of stationary type IV bursts did not depend

on CME speed, but they were clearly more frequently associated with ‘wide’ CMEs than narrow ones (see Table 2 for

details). The combination of fast and wide CME was most likely to produce moving type IV bursts (∼ 52% of type

IVm bursts were associated with these CMEs), while fast and narrow CMEs were the least likely association (only

in ∼ 10% of cases). Interestingly, a much larger fraction (∼ 21%) of moving type IV bursts were associated with

CMEs that were slow and narrow, which are generally considered less significant, in particular from the space weather

perspective.

This study also provides the typical duration of type IV bursts and drift rates of moving type IV bursts. Table 3 lists

the typical mean, median and standard deviation values of various parameters associated with type IV bursts. The

average duration for all the type IV bursts and type IV with CMEs were almost same as ≈ 4.7 hours for the former

case and ≈ 4.5 hours for the latter case. The mean duration for all the type IVs bursts and type IVs with CMEs were

also almost the same. However, the longest duration moving type IV bursts were found for cases not associated with

CMEs. The mean drift rate for all moving type IV bursts and the moving type IV bursts associated with white-light

CMEs were the same (≈ 0.1 MHz/s). Moving type IV bursts associated with CMEs typically have shorter duration

but almost the same drift rate as the moving type IV bursts without CMEs. Note that these values have high standard

deviations. The mean speed of CMEs associated with stationary type IV bursts was higher than that of moving type

IV bursts. This is likely due to the fact that stationary type IV bursts are almost equally associated with ‘Fast’ and

‘Slow’ CMEs. Moving type IV bursts were associated with wider CMEs as compared to stationary type IV bursts.
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The high association of type IV bursts with CMEs indicates that type IV, when present, can be used for studying

the electron acceleration locations as well as CME kinematics early during the eruption process. We used the duration

of the type IV bursts in the spectra as a classifier for moving/stationary bursts in the absence of imaging observations.

We also checked the drift rates of the moving bursts and it was found that the drift rates of most of the moving bursts

classified this way were ≥ 0.03 MHz. To confirm whether a radio burst is a moving or not, usually radio imaging

observations are needed. We note that due to the absence of radio imaging, a few type IV bursts were put into wrong

groups during the event classification. For example, we used the duration of the radio burst as first stage classification

based on the work by Robinson (1978) and Gergely (1986). There have been two such reported case studies in the

recent past, which showed that moving type IV bursts can have duration > 1 hours sometimes (Ramesh et al. 2013;

Vasanth et al. 2019). In the duration/drift rate based automated classification in this study, there bursts were classified

as stationary burst because of their spectral properties. Our classification relies upon the spectral data however, this

is the best approach study that can be done given the instrumental capabilities during the solar Cycle 24 and the

lack of radio images available for the majority of these bursts. Our work outline the necessity of radio imaging to

provide the possibility of identifying the source region of type IV emission and electron acceleration in relation to the

accompanying CME or flare. This study will greatly benefit from future investigations using instruments capable of

continuous imaging and spectroscopic observations in the radio domain.
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