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Abstract. We propose a method for determining lo-

cation and orientation of extended solar sources of mag-

netic clouds, using coronagraph data and SOHO 

EIT/MDI images of the photosphere. To estimate the 

probability of formation of magnetic clouds, we use a 

simple cylindrical force-free model. We have estab-

lished that more extended sources having a slight incli-

nation to the solar equator and located on the solar limb 

as compared to those that are nonextended and strongly 

inclined can generate expanding clouds, which with 

high probability can reach the magnetosphere as well as 

clouds from a source near the zero meridian and low 

latitudes. 

We have determined the relationship between ex-

treme values of substorm activity and parameters of 

solar sources under study during the impact of magnetic 

clouds on Earth’s magnetosphere from the AL index. 

The absence of substorms associated with extended 

sources outside the heliolatitude range ~5–20° is noted. 

The established relationship between solar source coor-

dinates and geomagnetic activity of the magnetic cloud 

sheath and body are consistent with the most probable dis-

tribution of magnetoactive regions over the solar disk. 

 

Keywords: solar activity, solar wind, coronal plas-

ma flow, coronal mass ejection, solar flare, geomagnetic 

activity, geomagnetic disturbances, magnetosphere. 

 

 

 

INTRODUCTION 

Coronal mass ejections (CMEs) and flares often ac-

companying them are the highest-energy solar events 

[Ivanov, 1996; Burlaga et al., 2003; Neugebauer, Liewer, 

2003; Nikolaeva et al., 2011]. While CME occurs with 

the release of large amount of energy, flares, and mi-

crowave bursts, CME sources often do not stand out in 

the solar corona or photosphere, and can sometimes be 

determined only from residual effects. Special attention 

should be given to CME of such type (or, rather, its  

attendant phenomenon) as magnetic cloud (MC). Unlike 

CME, MC can have a huge amount of magnetic field 

energy practically without mechanical momentum [Kil-

pua et al., 2012]. Because of extremely low content of 

particles, MC is weakly exposed to solar gravity and can 

increase the specific magnetic field energy due to com-

pression when interacting with other dense solar wind 

structures [Barkhatova et al., 2017; Manakova et al., 

2016]. Analysis of MC and long-term forecast of its 

geomagnetic effectiveness are hampered by the fact that 

an isolated MC is rare and its source is difficult to detect 

against the background of the disturbed solar corona or 

photosphere. It is, however, assumed that the high level 

of CME geoeffectiveness results from low heliolatitudes 

of CME sources [Kilpua et al., 2011] and equatorial 

deflection of slow and weak CMEs originating from 

middle and high heliolatitudes [Liu et al., 2008]. 

Due to roughly northward orientation of the geo-

magnetic field in the dayside magnetosphere, it is logi-

cal to construct statistical dependence of geomagnetic 

effectiveness on the solar wind structures having a no-

ticeable  negative Bz component of the interplanetary 

magnetic field (IMF) [Wu, Lepping, 2002; Barkhatov et 

al., 2017, 2018]. Indeed, explosive reconnections of the 

geomagnetic and interplanetary magnetic fields respon-

sible for global geomagnetic storms occur only with the 

negative Bz component of IMF.  

Geomagnetic effectiveness of MC can be predicted 

from the negative Bz component with an accuracy great-

er than 60 %. To improve the quality of the forecast 

requires data on MC sources and starting physical char-

acteristics. It is also necessary to maximally accurately 

identify structures with MCs passing through patrol 

spacecraft (SC) [Riazantseva et al., 2003]. In recent 

years, space missions, such as TRACE, have centered 

on this. 

Difficulties in identifying MCs are associated with the 
fact that coronagraphs record solar wind proton density 

https://e.mail.ru/compose/?mailto=mailto%3arevunova.elena@mail.ru
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perturbations caused by penetration of high-energy coronal 
protons into the static diffuse background of protons emit-
ted by the Sun. In view of this, MCs even in profile are 
poorly seen in coronagraph images. Propagation of isolated 
MCs to Earth is not recorded by coronagraphs at all, and 
their likely sources can be identified only from images of 
the solar photosphere. Thus, in general there is a structure 
measured by patrol SC with a set of likely solar sources 
and disembodied data on the movement of this structure. 
The problem about parameters of solar structures when 
they move from the Sun to patrol SC is solved by numeri-
cal or, in the simplest cases, analytical simulation. It be-
comes easier if the number of coronographs increases, but 
the problem of identifying MCs from coronagraph data still 
remains unsolved. Our approach to MC simulation is that 
their magnetic part is a closed structure of force-free mag-
netic tube type. Its material is plasma with frozen-in mag-
netic field carried away from the Sun during eruption. 
Meanwhile, the halo CME body is readily observed by 
coronagraphs. This allows quite reliable identification of 
CME sources on the solar disk and CMEs by patrol SC 
[Wang et al., 2011]. In this case, such CMEs also include 
MCs, therefore we can also identify an MC source. Our 
approach to finding CMEs, including MCs, and identifying 
their solar sources involves using the above capabilities. 

Another problem of studying peculiarities of CME 
transfer is their huge size. Even the transverse size of 
CMEs can reach 1 AU. The hypothetical flotilla of pa-
trol spacecraft in this case can be compared with a wire 
probe in the body of a whale, and from their measure-
ments we cannot get even a plane cross-section of the 
structure under study. The solution of such problems 
therefore depends entirely on adequacy of models. 
Nowadays, the most common models are the MC mod-
els assuming their local cylindrical symmetry. Such 
models provide dynamics of fields in the plane cross-
section of the structure. Given small scales of the geo-
magnetosphere as compared to CME, it suffices to 
compute parameters on the structure cross-section in the 
plane of the ecliptic and then to compare them with 
measurements from patrol SC and evaluate adequacy of 
the model. Such approach allows us to solve the inverse 
problem of determining model parameters of CME from 
measurements made by patrol SC. The obtained model 
parameters allow us to compare this CME structure with 
its solar source. 

Taking into account all these problems, the proposed 

study is aimed at establishing the relationship between 

coordinates of solar regions of localization of plasma 

stream sources and substorm geomagnetic activity level. 

The developed approach to the study of the MC-type 

plasma stream represents its magnetic part as force-free 

magnetic flux tube carried away from the Sun during 

eruption [Barkhatov, Kalinina, 2010]. 

Parametric SC recordings often show the MC body 

and sometimes a shock wave (SW) and its associated 

turbulent sheath (TS) (see Figure 1). Therefore, despite 

the fact that clouds move in near-Earth space as a 

whole, we should consider the geomagnetic effective-

ness of elements of their structure in isolation from one 

another. In TS, processes occur which are similar to 

those in the magnetosheath (transition region) behind a 

terrestrial shock wave. Power of magnetosonic pulsa-

tions in the interplanetary coronal mass ejection (ICME) 

is by an order of magnitude lower than that of turbulent 

perturbations in MC sheath; however, owing to intermit-

tency of turbulence it is difficult to use spectral methods 

for separating the sheath from the ICME body. 

The comparison between existing MC models 

[Barkhatov, Kalinina, 2010; Barkhatov et al., 2014a, b] 

has shown that they all agree with each other and their 

complexity does not give significant insight into the 

main cloud parameters (the magnitude of the magnetic 

field on the cloud axis, its radius, impact parameter with 

respect to Earth, axis orientation in interplanetary 

space). To estimate the MC orientation, we therefore 

use a simple force-free cylindrical model (Figure 2). 

 

1.  DATA 

 AND METHOD  

 FOR LOCALIZING   

 MC SOLAR SOURCE  

The statistical study of relationships between MC 

source parameters and location on the solar disk is 

based on 30 MC events occurring from 1997 to 2012. 

From the following catalogs: 1) LASCO CME Catalog 

[http://lasco-www.nrl.na-vy.mil/index.php?p=content/ 

cmelist]; 2) large-scale solar wind events 

[https://cdaw.gsfc.nasa.gov/CME_ list/]; 3) flares with 

indication of the presence of CMEs and shock waves  

 

Figure 1. Magnetic cloud structure comprising a body, 

sheath, and shock wave (SW) with a conditioned plane front 

considered at the point of intersection with SC. Azimuthal β 

and latitudinal ε angles characterize the orientation of normal 

n to the shock wave of MC in interplanetary space in the GSE 

coordinate system   

 

Figure 2. Orientation angles of MC represented by a 

force-free cylindrical magnetic flux tube [Barkhatov et al., 

2009]. 

http://lasco-www.nrl.na-vy.mil/index.php?p=content/%20cmelist
http://lasco-www.nrl.na-vy.mil/index.php?p=content/%20cmelist
https://cdaw.gsfc.nasa.gov/CME_%20list/
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[http://umtof.umd.edu/sem/]; 4) H flares [ftp:// 

ftp.ngdc.noaa.gov/STP/SOLAR_DATA/]; 5) X-ray flares 

from the Virtual Solar Observatory 

[http://vso.nso.edu/cgi/catalogue], we have identified 

~70 possible solar sources for MC. 

The initial stage of MC solar source localization in-

volves determining the number of likely sources per 

day, starting from the time that is calculated from the 

minimum velocity of CME propagation from the Sun to 

a patrol SC. The minimum velocity is taken to be equal 

to the sum of mean MC velocity (from SC data) and 

mean magnetic sound velocity (from SC data). MC 

sources are extended, therefore we consider their angu-

lar coordinates, the nearest to the center of the heliocen-

tric Cartesian coordinate system. This approach seems 

to be the most convenient for studying the statistics associ-

ated with solar coordinates of sources, and better reflects 

their geoeffectiveness because the lower is the source in 

latitude, the greater part of CME arrives at near-Earth 

space. The same considerations apply to longitudes. 

In general, it is difficult to determine CME source 

coordinates. First, many events occur with cascade 

eruptive processes involving loops from several regions. 

Second, in many cases, the coronagraph resolution is 

insufficient for observations of sunspots and eruptive 

processes. Third, structures of many sources are far from 

representing the flux loop as an arch (e.g., sigmoids). 

In this study, we propose the following method for 

localizing solar sources. As MC sources we take regions 

of emergence and eruption of flux loops (filaments). 

Determination of their coordinates reduces to determin-

ing coordinates of visible regions of emergence of these 

structures in the photosphere (footpoints) from corona-

graph data. There are almost no problems with high-

energy events because loops make a contrast with the pho-

tosphere and sunspots are clearly visible. In the case of the 

cascade process, by a source is meant an area in which the 

final loop decays (footpoints of this loop) and becomes 

invisible in the frequency band of the coronagraph. 

If the coronagraph cannot observe the eruption, we 

use indirect signs of eruption (such as post-eruptive 

arcades, deflection of field lines around the invisible 

center, darkening areas). The area of loop emergence is 

determined from arcades; and coordinates of footpoints, 

from deflections of field lines around the invisible cen-

ter in areas where arcades end. The coordinates of 

sources differing from classical arched flux loops are 

useless for statistics because they do not reflect the scale 

of the event. In such cases, instead of point coordinates 

of footpoints we utilize values of latitudes and longi-

tudes of boundaries of areas involved in the eruption. 

In the period of high solar activity, the number of 

likely CME sources may exceed 10 per day. Therefore, 

the next criterion for selecting likely sources is the pres-

ence of X-ray flares and microwave bursts. It is believed 

that these phenomena in some cases are associated with 

CME [Hundhausen, 1999], and since they are described 

with 1-min resolution we can compare them with SO-

HO/EIT images of the solar photosphere and determine 

flare coordinates. Many CMEs are, however, followed 

by flares of C-class and lower, which may not stand out 

against a background of X-ray emission of solar active 

regions at all. Moreover, we should bear in mind that 

matching of CME sources to coordinates of flares that 

accompany the eruption plays havoc with statistics be-

cause flares often occur in different areas of the same 

extended source. 

The results of application of the proposed method 

for localizing MC sources are most easily checked using 

halo CMEs, which on SOHO LASCO images look like 

closed halos. For the halo ejected anti-earthward, we 

should use data on X-ray and microwave radiation. In 

successful cases, resolution of LASCO C2 is 24 min, 

and it is sufficient for comparison with the likely source 

in SOHO/EIT images within an accessible range (usually 

195 Å). Wherever possible, the obtained coordinates of 

CME/MC sources were compared with coordinates of 

sunspots in the vicinity of the ejection source, using 

SOHO/MDI images  (Figure 3, a). The coincidence with 

the deflection at most 2–3° in latitude was considered 

satisfactory. In determining the source coordinates, we 

also took into account SC SOHO  rocking about the 

GSE X-axis in a range of ~ ±7.85°. Rocking angles for 

each case were calculated from the movement of stars in 

LASCO C3 differential images during the day or a 

slightly shorter period (Figure 3 b, c).  

In this case (Figure 3), the inclination of the solar 

equator is apparent. If we track the movement of stars 

from LASCO C3 images, we can find out that their daily 

track has an angle of ~–7.35° to horizontal, i.e. the deri- 

 

Figure 3. SOHO images used to determine coordinates of CME/MC sources: sunspot region in the vicinity of a CME source 

at a wavelength of 195 Å (MDI) (a); CME, the circle marks a fixed star relative to which rocking angles (LASCO C3) are deter-

mined (b, c) 

http://umtof.umd.edu/sem/
http://vso.nso.edu/cgi/catalogue
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ved coordinates of sources need to be tightened further 
~+7.35°. The particle density in CME is at least two 
times higher than that in the disturbed SW and ten times 
higher than that in the quiet SW. It is therefore easy to 
determine ICMEs from parameters measured by patrol 
SC. The studied MC and ICME it accompanies emerge 
from one source and have the same coordinates. 

Using the obtained coordinates, we can also derive 
other parameters of sources: their angular size and incli-
nation in the plane of the sky (as the source is seen by 
the coronagraph) in the Cartesian heliocentric coordi-
nate system. We should expect that due to the differen-
tial rotation of the Sun MC sources are extended at acute 
angles to the heliographic equator: negative in the northern 
hemisphere and positive in the southern hemisphere. 

When to one structure of interest correspond two 
sources of halo CMEs, we compare velocities of struc-
tures measured by patrol SC. The second CME should 
have a higher velocity to catch up with (and possibly 
overtake) the first one. We therefore determine the ve-
locities of the corresponding medium consolidations 
identified with ICMEs, and set their priority in accord-
ance with the sources. It has to be said that the situation 
when the second CME overtakes the first, slower one at 
a distance of 1 AU is extremely rare even if there are 
only a few hours between onsets of the CMEs on the Sun. 

It is also rare for the second, faster CME to penetrate 
through the first one. The second, faster CME more often 
catches up with the first one and presses it together with its 
attendant structures, i.e. the chronological sequence of 
monitoring of the structures, identified with ICME, usually 
corresponds to the chronological sequence of likely 
sources. In the case of two likely sources, the MC of inter-
est is often clamped between two ejections and has two 
shock-wave transition regions — before and behind. In this 
case, the source of the second MC is the source of the first 
CME. Note that the attendant MC does not always follow 
the leading ICME — it can be within the ejection or even 
be ahead of it, with a slight medium consolidation, rather 
than a turbulent sheath, in front. 

An important parameter of the structures measured 
by patrol SC is the magnetic flux through the flux tube 
cross-section (axial magnetic field). This flux is usually 
calculated on the basis of the model in use and consists 
of axial and azimuthal components (toroidal and poloi-
dal for a torus model). 

Our approach is to simplify the problem on the basis 
of physical considerations. In SW, magnetic structures 
are hardly ever free to move because of the relatively 
small mechanical momentum. They move in a com-
pressed state due to deceleration by the leading ICME 
(because of the higher density it more rapidly loses 
speed due to the solar gravity) or due to pressure of an-
other ICME moving with a higher velocity behind. 
When the magnetic flux tube is compressed, the azi-
muthal magnetic field decreases, and the axial one in-
creases due to conservation of the first and second adia-
batic invariants, i.e. the stronger the magnetic flux tube 
is compressed across the axis, the greater is the axial mag-
netic field component it contains. The orientation of the 
strongest magnetic field is the closest to the axial one. 

 

2.  RELATIONSHIP OF  

 PARAMETERS  

 OF CME SOLAR SOURCES 

 WITH THEMSELVES  

 AND WITH MC CHARACTERISTICS 

Consider the relationship of localization and orienta-

tion parameters of CME solar sources with each other 

and with MC characteristics. In addition to CME solar 

source coordinates, the most objective data is that on the 

angular orientation of its visible part (filament, magnetic 

flux filament) on the solar sphere relative the helio-

graphic equator, as well as on the source length meas-

ured in degrees. It is therefore worth examining the de-

pendence of these two parameters upon source coordi-

nates on the solar disk. In what follows, by source coor-

dinates is meant the minimum width of the extended 

source and respective longitude. The dependence of 

parameters of MC structures measured by SC on solar 

source parameters and the relationship between these 

parameters were studied using a correlation analysis. 

We have found the following regularities.  

 

2.1. Relationship of angular orientation of the 

visible part of the solar source with its coordinates  

We have found that the closer is a source to the heli-

ographic equator, the more extended is it in the equato-

rial direction, and vice versa the farther is the source 

from the equator, the more extended is it in the meridio-

nal direction. This is especially evident for northern and 

southern latitudes of the western hemisphere, where the 

minimum inclination of the source is observed at zero 

latitudes with a correlation coefficient R=0.72 (Figure 4). 

This is most likely to be due to the effect of the differen-

tial rotation of the photosphere on the source. The longi-

tudinal dependence of the source inclination angle cor-

responding to the minimum latitude of the extended 

source is weak. Nevertheless, we can conclude that in-

clination angles of the extended source decrease with 

increasing latitude. The latter can be explained by fea-

tures of magnetic cloud expansion, due to which MCs 

from “lying” sources (i.e. nearly parallel to the plane of 

the solar equator [Barkhatov, Kalinina, 2010]) from the 

 

Figure 4. Inclination of an extended source to the solar 

equator versus the minimum latitude (in the western hemi-

sphere) 
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periphery of the solar disk expand mainly equatorward and 

might more likely affect near-Earth space than MCs from 

“standing” sources (i.e. elevated above the plane of the 

solar equator by more than 60°). MCs from regions near 

the zero meridian reach Earth’s magnetosphere regardless 

of the orientation of the extended sources. 
 

2.2. Distribution of solar sources of different 

lengths 

There is a dependence of source length (measured in 

degrees) on its minimum latitude with minimum near the 

equator. This dependence is especially pronounced for the 

northeastern solar disk (Figure 5), being more pronounced 

in the northern hemisphere than in the southern one. Thus, 

as the latitude of MC source increases the probability of 

detection of MC in the plane of the ecliptic, where the pa-

trol SC is located, decreases. It is, however, possible to 

record MCs in near-Earth space for the high-latitude ex-

tended sources generating larger MCs. The length of solar 

sources with the minimum latitude of the extended source 

near the noon meridian increases with longitude from a 

minimum value of ~10° both eastward and westward (Fig-

ure 6). Indeed, extended sources on solar limbs unlike non-

extended ones have a chance to generate expanding MCs 

that can reach the magnetosphere.  

 

2.3. Relationship of MC velocity with mini-

mum latitude of extended sources and its associat-

ed longitude 

For the northern hemisphere, there is a direct relation-

ship (R>0.45) of MC velocity with latitude. It is noticeable  

 

Figure 5. Distribution of source length over the latitude in 

the eastern solar disk 

 

Figure 6. Source length as a function of longitude corre-
sponding to the minimum latitude (for the western solar disk) 

that the more to the north and east is the likely source of 
the structure from the Sun, the higher is its velocity (see 
Figures 7, 8).  

The MC velocity dependence on the source latitude 
in the northern and southern hemispheres of the Sun per 
quadrant has a correlation coefficient R from 0.5 to 0.7. 
There is no mirror symmetry in this dependence for the 
southern hemisphere in our data. 

Figure 8 shows the spatial distribution of MC 
sources over the solar disk illustrating the distribution of 
MC velocities. The observed increases in the number of 
high-speed MCs related to the eastern solar disk and the 
number of slow MCs related to the western one reflect 
effects of the spiral motion of the solar wind stream 
conditioned by the solar angular velocity. In the former 
case, the spiral is weaker and MCs are recorded closer 
to the Sun–Earth line. 

 

2.4. Relationship of maximum magnetic field 

strength in MC with minimum latitude of extend-
ed source and its associated longitude  

The distribution of maximum magnetic field (MF) 
strength in MC depending on the minimum latitude of an 
extended solar source exhibits values up to ~50 nT at 15–
20° latitudes with minimum values of the order of ~10 nT 
near the heliographic equator (Figure 9, a). Maximum 
MF values in this case correspond to regions near the 
noon meridian (Figure 9, b). Thus, for a large group of 
magnetic structures there is a direct latitudinal dependence 
of their maximum magnetic field on source coordinates.  

 

Figure 7. MC velocity versus minimum source latitude 

 

Figure 8. MC velocity versus minimum latitude and its as-
sociated longitude of the extended source. Color of markers 
(from white to black) represents velocities (from 400 to 600 
km/s and higher); the number indicates the month of recording 
for each event 
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Figure 9. Distribution of the maximum magnetic field 

strength in MC depending on the minimum latitude (a) and on 

the longitude corresponding to the minimum latitude of the 

source for both hemispheres (b) 
 

This dependence with the minimum in the vicinity of the 

equator (R ~–0.6) is especially pronounced for the north-

east quadrant. The maximum MF strength in MC increas-

es with increasing northern and southern latitudes. In 

general, the maximum MF strength in MC has a weak 

negative relationship with longitude corresponding to the 

minimum latitude of the source. In the western hemi-

sphere, the negative relationship of the maximum MF 

strength in MC with longitude of the source (to R~–0.7) 

is more pronounced. 

 

2.5. Relationship of the Bz component of 

maximum MF strength in MC with minimum 

source latitude and its associated longitude  

Relationships of the Bz modulus of the maximum MF 

strength with the minimum latitude and its associated lon-

gitude of the solar source exhibit a minimum near the heli-

ographic equator and a maximum (~20–25 nT) near the 

noon meridian (Figure 10). Hence, with increasing latitude 

the Bz modulus increases; and with increasing longitude, 

decreases. In general, the Bz modulus of the maximum MF 

strength in MC increases with increasing northern and 

southern minimum latitudes of the extended source. For 

the northern hemisphere, the relationships are more pro-

nounced than for the southern one. 

We consider the orientation of the recorded MC in a 

cylindrical model represented by a latitude angle ε and a 

longitude (azimuth) angle β. Below are the results of the 

study of regularities of MC orientation, defined by solar 

source parameters.  

 

2.6. Latitudinal angle of MF vector in MC 

Distributions of the latitudinal angle of the MF vector 

in MC depending on the minimum latitude of the exten- 

 

 

Figure 10. Bz component of maximum MF strength in MC 

versus the minimum latitude of the source (a) and its associat-

ed longitude (b) in the southern hemisphere 

 

ded solar source and its associated longitude exhibit 

minimum modulus of the latitudinal angle of the MF 

vector in MC near the heliographic equator (Figure 11, a) 

and maximum one (up to ~60–90°) near the noon me-

ridian (Figure 11, b). With increasing solar latitude of 

the source, the latitudinal angle increases; and with in-

creasing solar longitude, decreases. For the northern 

hemisphere (northeast and northwest), these relation-

ships are more pronounced than for the southern one. 

This feature in the behavior of the latitude angle and, 

consequently, of the polar angle may be indicative of 

the most likely formation of “lying” clouds by sources 

located at lower latitudes (near the solar equator) 

[Barkhatov, Kalinina, 2010]. 

 

2.7. Longitudinal (azimuthal) angle of MF 

vector in MC 

Distributions of the longitudinal angle of the MF 
vector in MC depending on the minimum latitude of the 
extended solar source and its associated longitude ex-
hibit the maximum modulus of the longitudinal angle of 
the MF vector in MC near the heliographic equator 
(Figure 12, a) and near the noon meridian (Figure 12, b). 
It is noticeable that with increasing solar latitude and 
longitude the longitudinal angle decreases. For the 
northern hemisphere (northeast and northwest), the 
dependences are more pronounced than for the southern 
one. 
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Figure 11. Distribution of the latitudinal angle of MF vec-

tor depending on the minimum latitude of the source (a) and 

on the longitude corresponding to this latitude (b) 

 

3.  ANALYZING THE RELATIONSHIP 

 OF PARAMETERS OF CME SOLAR 

 SOURCES WITH GEOMAGNETIC 

 ACTIVITY OF MAGNETOSPHERIC 

 SUBSTORMS 
CME, as a manifestation of solar activity, when im-

pacting Earth’s magnetosphere causes a global geomagnet-

ic storm accompanied by isolated magnetospheric sub-

storms or series of substorms. It seems, therefore, appro-

priate to relate the parameters of solar sources to the inten-

sity of magnetospheric substorms, which we characterize 

as an enhancement of the westward electrojet, described by 

the AL index. 

 

3.1. Relationships of AL extremum with the 

minimum solar source latitude and to its associ-

ated longitude taking place when the MC body 

interacts with Earth’s magnetosphere  

The relationship between the AL extremum and the 

minimum source latitude shows that the observed AL ex-

trema increase as the solar source approaches the equator 

(Figure 13). It is characterized by a correlation coefficient 

of ~–0.6 mainly for the southern solar hemisphere with a 

minimum in the vicinity of the heliographic equator and by 

lack of substorms related to the sources with minimum 

latitudes greater than 20°. For the northwest this relation-

ship (R~–0.6) is also observed with increasing extrema 

when approaching the equator, i.e. with decreasing  

 

 

Figure 12. Distribution of the longitudinal angle of MF 

vector depending on the source latitude (a) and the longitude 

corresponding to the minimum latitude of the source (b) 

 

 

 

Figure 13. AL extremum versus the minimum latitude of 

the solar source (a) and AL versus the longitude of the solar 

source corresponding to the minimum latitude of the source 

during propagation of MC body (b) 
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latitudes. This relationship, however, changes for the 

northeast, transforming into a weak direct relationship. 

 

3.2. Relationship of AL extremum with mini-

mum latitude and its associated longitude during 

propagation of MC turbulent sheath 

For sources in the southern hemisphere the AL ex-

tremum depends on the minimum latitude with a corre-

lation coefficient of –0.5. Northern latitudes may feature 

a weak negative relationship (Figure 14). 

For the northeast there is almost no negative rela-

tionship between AL and longitude. For the northwest, 

the direct relationship is more pronounced (~0.5). For 

the western hemisphere as a whole there is a weak direct 

relationship. 

The comparison between the results of Sections 2 and 3 
suggests that the substorm effectivenesses of clouds and 
their sheaths are comparable and determined by the loca-
tion of solar sources in a similar way. 

 

CONCLUSIONS  

We have carried out a statistical study of relation-

ships of MC-type CME parameters and geomagnetic 

activity level with parameters of localization of their 

sources on the solar disk. We have solved the main 

problems of identification of CME/MC sources and 

transfer of respective structures in the solar wind. 

 

 

Figure 14. AL extremum versus the minimum latitude of the 

solar source (a) and AL versus the longitude of the solar source 

corresponding to the minimum latitude of the source during prop-

agation of TS in MC (b) 

 

1. CME sources often do not stand out in the corona 
or photosphere, but in this case they can be determined 
from residual effects. 

2. The isolated MC is an extremely rare phenome-
non and its source difficult to detect against the per-
turbed solar corona or photosphere may be identified by 
observing the CME body as a diffuse cloud carried 
away from the Sun together with the frozen-in coronal 
magnetic field during eruption. CME bodies are readily 
observed by coronagraphs, and this allows us to deter-
mine their source on the solar disk and then easily iden-
tify it with the aid of patrol SC. Such CMEs also in-
volve MCs so the MC source can be determined as well. 

3. Direct propagation of isolated MCs to Earth is 
recorded by coronagraphs only in profile. 

4. The huge size of MC allows us to derive parame-
ters of the structure and its dynamics only on the cross-
section of the object from patrol SC data. Since for the 
clouds we have adopted the cylindrical force-free model 
successfully applied in many studies, we interpolate the 
dynamics of the parameters on the cross-section of the 
complex huge pseudocylindrical structure into the entire 
cloud. 

We have studied peculiarities of distribution of solar 
sources with different lengths and angular orientation of 
their visible part depending on source coordinates. We 
have established that the extended sources having a 
small inclination to the solar equator and located on the 
solar limb as opposed to nonextended and strongly in-
clined ones can generate expanding clouds, which most 
likely can reach the magnetosphere, as well as clouds 
from a source near the zero meridian and low latitudes. 

We have established regularities of relationships of 
magnetic and orientation characteristics of MCs record-
ed by SC with localization and spatial parameters of 
their sources on the solar disk. It should be noted that in 
some cases the relationships considered in certain quad-
rants of the solar disk are absent or not established. This 
is not surprising since the exact identification of solar 
activity sources with MC structures propagating through 
patrol SC is difficult for the reasons mentioned in Intro-
duction. Nevertheless, we have examined the following 
relationships: between MC and the minimum latitude of 
the source and its associated longitude; between the 
maximum magnetic field strength in MC and the mini-
mum latitude of the source and its associated longitude; 
between Bz modulus of the maximum MF strength in 
MC and the minimum latitude of the source and its as-
sociated longitude; between latitudinal and longitudinal 
angles in the solar-ecliptic coordinate system for the MF 
vector in MC and the minimum latitude of the source 
and its associated longitude; we have determined their 
characteristic features (see Sections 2 and 3). There is 
also an increase in the number of high-speed MCs relat-
ed to the eastern solar disk and in the number of slow 
MCs related to the western one, which reflects effects of 
the spiral motion of the solar wind stream. We have 
found that in a large group of MCs their maximum 
magnetic field depends on source coordinates. The max-
imum MF strength in MC increases with northern and 
southern latitudes, starting from the equator, which is 
consistent with the most likely distribution of magneto-
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active regions over the solar disk. The same is true for 
the MF Bz component. 

Analysis of orientation of magnetic clouds, consid-
ered in the cylindrical model, has demonstrated the most 
probable formation of clouds lying near the plane of the 
ecliptic by low-latitude sources. 

We have also examined the relationship between 
substorm activity (according to the AL index) and pa-
rameters of MC solar sources during periods when 
Earth’s magnetosphere is affected by MC structures 
(body and sheath). We have found that there are no sub-
storms associated with extended sources outside the 
heliolatitude range ~5–20°. Thus, we have established 
relationships between solar source coordinates and ge-
omagnetic activity of both the MC sheath and body. 
They are consistent with the most probable distribution 
of magnetoactive regions over the solar disk. 

This work was funded by RFBR grant No. 18-35-
00430 (Barkhatova O.M., Revunova E.A., Romanov 
R.V.) and State Task of the Ministry of Education and 
Science of the Russian Federation No. 5.5898.2017/8.9 
(Barkhatov N.A., Revunov S.E.). 
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