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ABSTRACT

The origins of the solar wind and the interplanetary magnetic field sector structure in the beginning of the magnetic polarity rever-
sal of 24th solar cycle were investigated using the Wilcox Solar Observatory magnetic field measurements and their products as
well as the solar wind data from ACE and the SDO/AIA EUV images. The dominance of the quadrupole harmonics in the solar
magnetic field in this period resulted in a four-sector structure of the interplanetary magnetic field. The dominating source of
recurrent high-speed solar wind stream was a large trans-equatorial coronal hole of negative polarity evolving in the course of
the polarity reversal process. The contribution of ICMEs to the high-speed solar wind did not exceed 17% of the total flux.
The solar wind density flux averaged over the year amounted to 1 · 108 cm�2 s�1 which is considerably lower than the typical
long-term value (2–4 · 108 cm�2 s�1). The slow-speed component of solar wind density flux constituted in average more than
68% of the total flux, the high-speed component was about 10%, reaching the maximum of 32% in some Carrington rotations.

Key words. solar cycle – coronal magnetic field – sources of solar wind – coronal hole – interplanetary magnetic field – solar
wind

1. Introduction

The solar magnetic field structure and its variations are the main
factors governing the conditions of space weather and, finally in
long-term scale, space climate in the heliosphere. The solar
magnetic field varies within the Hale cycles lasting about
22 years. The global magnetic field on the Sun is formed by
the superposition of the dipole, quadrupole, and octupole har-
monics. The polarity reversal process in the heliosphere can
be represented as the turn and flip of the interplanetary current
sheet. During the vertical position of the dipole axis observed at
solar minimum, the current sheet is almost flat and lies near the
solar equator. However, it gets tilted and warped, when quadru-
pole and higher moments are starting to dominate. The position
of the current sheets determines the number of magnetic sectors
of the interplanetary magnetic field observed at Earth’s orbit.
The dominance of the quadrupole harmonics in the solar mag-
netic field leads to the four-sector structure of the interplanetary
magnetic field (IMF) in the plane of the ecliptic, and even at
sufficiently high latitudes. It should be noted that the number
of high-speed solar wind (SW) streams does not necessarily
correspond to the number of sectors (Veselovsky et al. 2006;
Wang et al. 2014), but it depends on the existence and the loca-
tion of large coronal holes (CHs) on the Sun and on sporadic
solar activity.

The polarity reversal process accompanied by shifts of the
polar CHs to the equator permits to disclose the direct associa-
tion between CHs as the sources of high-speed recurrent SW
streams and parameters of SW measured ‘‘in situ’’. Several
studies have investigated how the long-term CHs evolution is

related to the changes in the global solar magnetic field over
solar cycle (e.g. Bilenko 2002; Sanderson et al. 2003; Wang
2009; Obridko & Shelting 2011). CHs originate in sufficiently
large unipolar regions with predominantly open configuration
of the magnetic field lines. Around solar minimum, when the
solar field is dipolar and the position of the magnetic field
dipole axis is close to vertical, the CHs are located at the poles.
When the dipole axis begins to incline, the polar CHs decrease
in size and fully disappear at the inclination angle of nearly 90�.
The parts of the polar CHs extended to low latitudes break off
into groups of small CHs when the magnetic pole moves to
lower latitudes. When the magnetic quadrupole moment domi-
nates over dipole one, a number of CHs of the same polarity
appear at mid-latitudes.

The Wilcox Solar Observatory (WSO) source surface syn-
optic charts (http://wso.stanford.edu/synsourcel.htm) clearly
show the polarity reversal process beginning in 2012 near the
maximum of the current 24 solar cycle. Figure 1 (top panel)
shows the calculated tilt of the heliospheric current sheet against
the rotation axis of the Sun (http://wso.stanford.edu/gifs/
Tilts.gif). The global coronal magnetic field in the Southern
hemisphere was positive at the rising phase before the solar
maximum, and it is expected to be negative here at the declin-
ing phase. The quadrupole harmonics dominate in the solar
magnetic field and reach the maximum strength in mid-2012
when the decrease of the dipole component was observed
(Fig. 1, bottom panel). The comparison with the preceding
cycles shows that such evolution of the global magnetic field
in the current cycle is rather typical, except for deeper decrease
of the dipole component in the solar minimum.
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The formation and evolution of CHs were considered by
many researches, being most discussed in detail by Wang &
Sheeley (2004), Wang (2009, 2010a) and Wang et al.
(2010b). The CHs form above unipolar regions, which originate
from the decay of active regions (AR) and evolve through the
flux transport processes: supergranular diffusion, differential
rotation, and meridional flow. The interchange reconnections
between CH and nearby ARs influence the formation of the
CH boundaries (Wang & Sheeley 2004).

The properties of the SW streams in different phases of the
solar cycle are closely related to the configuration of the global
magnetic field and its origins in the corona. Coronal mass
ejections and large-scale CHs are known to be main sources
of fast SW streams. Identification of sources of the slow SW
streams so far remains to be not so evident. Based on the empir-
ical relation between SW speed and expansion factor, Wang
(2009) concluded that most of the slow SW comes from the
boundaries of CHs as well as from small coronal holes that
form at the edges of ARs. The relationship between large-scale
magnetic fields, CHs and ARs was studied by Mogilevsky et al.
(1997). The researchers found out that boundaries of CHs are

affected by disturbances that occur in ARs or active
complexes in the process of their evolution.

Among the non-coronal hole sources of slow SW streams,
there are streamers (Sheeley et al. 1997), quasi-stationary out-
flows from ARs (Kojima et al. 1999; Liewer et al. 2001;
Neugebauer et al. 2002), particularly, from those adjacent to
small low-latitude CHs (Liewer et al. 2004; Harra et al. 2008;
Del Zanna 2008; Slemzin et al. 2013), regions of magnetic
polarity inversions on tops of closed loops (Owens et al. 2013).

In this work we are focusing on the structure and evolution
of global coronal magnetic field, long-living CHs, sector struc-
ture of IMF and parameters of the SW streams near maximum
of solar cycle 24 based on magnetic field extrapolations as well
as on the EUV images. We consider the evolution of fast-speed
and slow-speed components of SW during the year and
their relationship with the parameters of CHs and the solar
activity.

2. Data and analysis

Configuration of the global magnetic field in the corona was
analyzed using the magnetic field maps from WSO. Those
maps are calculated from the data of photospheric field obser-
vations using the potential field model (Hoeksema et al.
1982). The details of the computation can be found elsewhere
(http://wso.stanford.edu/synsourcel.html). The images of the
Sun were obtained by Solar Dynamics Observatory/
Atmospheric Imaging Assembly (SDO/AIA; Hurlburt et al.
2012). The hourly values of the IMF and the SW parameters
were measured at the ACE (Advanced Composition Explorer)
spacecraft by means of the instruments Magnetic Field Exper-
iment (MAG; Smith et al. 1998) and Solar Wind Electron, Pro-
ton, and Alpha Monitor (SWEPAM; McComas et al. 1998).

It is well known that good estimates of recurrent high-speed
SW could be obtained from the models that use the relationship
between SW parameters and the position and size of CHs deter-
mined by the EUV imaging (Vrsnak et al. 2007; Krista &
Gallagher 2009; Obridko et al. 2009). Therefore, to identify
CHs and their associated SW streams, we used solar images
obtained by SDO/AIA in the 193 Å spectral channel and the
CH areas calculated using the algorithm described by Shugay
et al. (2011). The data from SDO/AIA was taken in the standard
FITS-format, the sampling rate being one image per hour. In the
images, only those regions, which covered more than 0.4% of
the total solar disk area and had the intensity below the thresh-
old value, were treated as CHs. The threshold intensity was cal-
culated as Imean k, where Imean is the average intensity of the
solar disk without taking into account the limb brightening,
and k is the empirical threshold coefficient, taken equal to 0.3
for the SDO/AIA images centered at 193 Å. Hereafter we are
using the relative areas of CHs defined as the ratio of the geo-
metrical CH areas to the area of the solar disk. The SW sources
positioned in the central part of the solar disk produce measur-
able contribution to SW near the Earth. Therefore, we calcu-
lated the area of CHs within the region confined between
±30� longitudes from the central meridian of the Sun and
between ±50� latitudes from the solar equator. Figure 2 shows
the values of the CH areas for the period January–November
2012 as white curves below the coronal field synoptic maps.
Figure 3 shows the synoptic maps of solar corona constructed
from the SDO/AIA 193 Å images with the CH boundaries
contoured.

Figure 1. Top panel: computed maximum inclination of the
heliospheric current sheet illustrating the flip of the global magnetic
field for 1976–2012 (Carrington rotations 1642–2132). The solid
line is the simulation with the classic PFSS model using the line-of-
sight boundary condition in the photosphere including significant
polar field correction; the dashed line is the model with higher source
surface radius RS = 3.25, it uses a radial boundary condition at the
photosphere without polar field correction. Bottom panel: the total
strength of the first three multipole components (dipole, quadrupole,
and octupole, from top to bottom respectively) of the solar magnetic
field during Carrington rotations 1642–2132. The data was provided
by the Wilcox Solar Observatory (http://wso.stanford.edu).
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To analyze correlation with the coronal magnetic field
maps, the SW data was recalculated to the source surface
(SS) as a function of heliographic longitude using the ballistic
model. MacNeice et al. (2011) have validated ‘‘community
models’’ of the SW propagation in the heliosphere, such as
WSA/ENLIL, and found that, due to uncertainty of the initial sta-
tic photospheric magnetograms, no sophisticated heliospheric

model does provide better accuracy in comparison with the sim-
ple ballistic model based on the Archimedean spiral approxima-
tion (Nolte & Roelof 1973). In the ballistic model the
longitude at SS corresponding to the ACE data is calculated
as:

LSSðtÞ ¼ LEðtÞ � x� DðtÞ=V EðtÞ; ð1Þ

Figure 2a. Evolution of the coronal magnetic field, the areas of CHs and the SW velocity and IMF polarity during CR 2119–2124 recalculated
to the source surface. Top panel for each CR: coronal magnetic field maps at the source surface from WSO (positive polarity field are light gray,
negative are dark gray). Bottom panel for each CR: IMF polarity (dark gray areas represent positive polarity) as the sign of the 24 h moving
average of Bx-component of IMF in the GSM coordinate system, and SW velocity (black curve). White curve is the area of the CHs calculated
using the SDO/AIA data. The time axis is directed from right to left for easier comparison with the coronal field map. Black arrows show the
analyzed region of the coronal magnetic field associated with the LCH (see Sect. 3).
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where LE(t) is the solar longitude as seen from Earth at the
time t, x is the synodical speed of the solar rotation near
the equator (13.23�/day), D(t) is the distance between the
Sun and the spacecraft, VE is the solar wind speed near the
Earth’s orbit. The typical uncertainty of this approach is about
±10�. Polarity of IMF (dark gray and light gray areas in
Figs. 2a and 2b below the magnetic field maps) is calculated
as the sign of 24 h moving average of Bx-component of IMF
in the GSM coordinate system.

It is worth noting that here we use the ballistic model only
for bounding the temporal record of the ACE data to longitudes

at SS but not for evaluation of the SW parameters. Whereas the
SW velocity can be taken as constant on the way from SS to the
Earth, the magnetic field strength and SW density vary accord-
ing to the field expansion factor, which is in turn defined by the
magnetic field in the coronal base (Wang 2010a).

Figures 2a and 2b display the maps of the coronal magnetic
field from the WSO web site during Carrington rotations (CR)
2119–2130 (January–November 2012), which are compared
with the areas of CHs obtained by SDO/AIA at 193 Å, the sec-
tor structure of IMF and the SW streams velocity recalculated
to the source surface. Keep in mind that negative radial

Figure 2b. Same as Figure 2a, but during CR 2125–2130.
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component of the magnetic field pointed into the Sun corre-
sponds to positive radial component in the GSM coordinate
system.

3. Magnetic field structure and origins of solar wind

in 2012

The solar magnetic field reversal during cycle 24 started in the
northern hemisphere (Svalgaard & Kamide 2013). The northern
polar CH disappeared in 2011, but the southern CH still existed
at the beginning of 2012 (Fig. 3). At that time, the dipole axis
was near the equatorial plane, as we can see at the top panel of
Figure 1. The superposition of dipolar, quadrupolar, and octu-
polar harmonics of magnetic field (Fig. 1, bottom panel) led
to asymmetry in longitude and latitude of the hemispheric

current sheet and to the formation of four global patterns of
the coronal magnetic field of positive and negative polarity at
sufficiently high latitudes in 2012 (Figs. 2a and 2b, coronal
maps). Wang et al. (2014) described the synoptic map of the
source-surface field during CR 2123 and 2124 as ‘‘two roughly
circular neutral lines, centered near the equator and separated by
~180� in longitude. Each of the two circular neutral lines at the
source surface is centered above negative-polarity coronal
hole’’. The CHs located inside the negative polarity regions
can be seen in Figure 3 (within the yellow and blue frames).

An isolated transequatorial large CH (LCH) of the neg-
ative polarity was observed during CR 2120–2126 in the equa-
torial region (Fig. 3, within the yellow frame). That LCH was
the main source of the recurrent high-speed SW streams in
the Earth’s orbit from February to September, 2012 (Figs. 2a
and 2b, marked arrows). Another CH of the negative polarity

Figure 3. Synoptic maps constructed from the EUV images in the channels 193 Å obtained by SDO/AIA during the period from January to
August, 2012 (CR 2119–2126). The LCH located in one of the negative polarity regions of the coronal magnetic field is shown inside the yellow
frame. Small CHs located in other negative polarity region are shown inside the blue frame.
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had a small size, so it’s contour is not discernible in the EUV
images in Figure 3, within the blue frame. During CR 2122
and 2123 some of high-speed streams were connected with
these CHs.

Transient flows contribute to high-speed SW streams, as
well. For example, the SW streams (700–750 km s�1)
observed during CR 2121 were produced by coronal mass ejec-
tions (CME) associated with the flares of classes M and X that
happened on March 7–9 in the AR located in front of the LCH
(Figs. 2a, 2b, and 3). The high-speed stream observed during
CR 2125 (11–15 July) on the border between positive and neg-
ative polarity IMF sectors was also caused by the CME which
initiated the interplanetary coronal mass ejection (ICME).
The small CHs near ARs are observed in the positive polarity
regions at different Carrington latitudes. Such CHs could be
the sources of SW flows with the speed of less than
500 km s�1.

The LCH that appeared in the negative polarity region of
the coronal magnetic field in CR 2120 was observed during
CR 2120–2126 (Figs. 2a, 2b, and 3). During that time, the
quadrupole component increased and reached its peak in mid-
2012, its total strength exceeding the strength of the dipole
component (Wang et al. 2014). During CR 2126–2130 the sta-
ble quadrupolar structure significantly and rapidly changed.
The southern part of the negative polarity regions broke away
and moved eastwards, and then merged with the second nega-
tive region that existed at longitudes ~30–120� during
CR 2119–2126. The strength of the quadrupole component
decreased after mid-2012 (Fig. 1, bottom panel). During
CR 2126, the large CH considerably reduced in size so only
its equatorial part at latitudes 5� S to 15� N remained (Fig. 3,
inside the yellow frame). During CR 2127–2128, this remnant
of the CH significantly decreased and fully disappeared during
CR 2129. Figures 2a and 2b show the considerable difference
between the configurations of the coronal magnetic field during
CR 2120 (when the LCH appeared) and CR 2129 (when the
LCH disappeared). Thus, disappearance of the LCH can be
related to the strength of the quadrupolar harmonics of the
magnetic field.

During CR 2120–2126, the LCH boundaries moved in lon-
gitude due to the CH differential rotation (Fig. 4). We have esti-
mated the longitudinal shift of the front LCH boundary at two
different latitudes (0� and 30� N). The CH boundary near the
solar equator shifted approximately by 5� per rotation in the

direction of rotation, while the LCH front boundary near
30� N latitude had very small shift, only ~2� over all five
rotations in the opposite direction. The equatorial parts of the
LCH rotate slightly faster than the mid-latitude parts of the
LCH with the period shorter than the Carrington rotation period
(27.3 days).

The CHs rotation during the maximum of the solar cycle 21
(CR 1716–1739) was analyzed in the work by Shelke & Pande
(1985). The authors concluded that the CHs observed in helium
10 830 Å exhibit differential rotation. They found that CHs
located at higher latitudes in northern and southern hemispheres
(20–40� and 40–60�) moved in opposite directions, if compared
with equatorial CHs. The longitudinal shifts were about 10� and
20� per rotation for latitude zones of 20–40� and 40–60�,
respectively.

In our case, the equatorial part of the LCH similarly rotates
faster than its mid-latitude part. However, the difference in the
inclination angle between its parts at the equator and at the
30� N latitude is only ~5� per rotation. Due to differential rota-
tion of photospheric field, a rotation period of the equatorial
part of the LCH is close to 26.9 days as compared to that of
the mid-latitude part of the LCH, which is near 27.3 days.
The similar period of 26.9 days was found by Wang et al.
(2010b) for the ARs located near equator out of which the
CHs were formed.

4. Structure and variation of the solar wind density

flux in 2012

As we can see in Figures 2a and 2b, bottom panels, during
CR 2019–2125, the four-sector structure of IMF was associated
with one, two or three high-speed SW streams (velocity is more
than 450 km s�1). During CR 2120–2125, the recurrent SW
streams with the speed exceeding 600 km s�1 were observed
with mainly positive polarity of IMF (Fig. 5, left). These
high-speed SW streams are associated with the recurrent
LCH. The strong asymmetry of the magnetic field-velocity dis-
tribution for the high-speed SW flows was observed only dur-
ing CR 2119–2125 when the LCH existed. The bulk of SW
flows had the SW velocity of nearly 400 km s�1. The field-
velocity distribution for the slow-speed SW flows (less
450 km s�1) displays only the small asymmetry for the Bx-
component of positive polarity.

During CR 2126, when the LCH area decreased, the SW
velocity dropped below 600 km s�1. Only during CR 2127,
although the LCH area has not changed (Fig. 2b, white curve),
the speed of SW flows still increased up to 600 km s�1.
The distribution of the SW velocity versus Bx-component of
IMF was more symmetrical during CR 2126–2131 than during
CR 2119–2125 (Fig. 5, right). The bulk of the SW flow has the
velocity near 350 km s�1 during CR 2126–2131. Striking dif-
ference in the distribution of IMF polarity versus SW velocity is
observed before and after reconfiguration of the quadrupolar
structure of the coronal magnetic field that has started during
CR 2126.

To evaluate relative contributions of the high-speed and
slow-speed SW components to the total density flux balance
and to estimate the relationship between those and the large-
scale magnetic field, we analyzed the variation of the SW
density flux nV, where n and V are the density and velocity of
protons taken from the ACE hourly data. The distributions of
the average SW density flux versus velocity, separately for
the positive and negative Bx-components of the IMF, are

Figure 4. Longitudinal shifts of the LCH front boundary at the
equator (black diamonds) and at the latitude of 30� N (gray circles)
during CR 2120–2126. The lines represent the linear
approximations.

J. Space Weather Space Clim. 4 (2014) A24

A24-p6



presented in Figure 6, left. The error bars in these histograms
correspond to the 20% uncertainty in the ACE density values
estimated as the worst case from the divergence of the ACE
and Wind SW data at the OMNIWEB site (http://omniweb.
gsfc.nasa.gov).

This picture demonstrates that in 2012 the bulk of the SW
density flux consisted from the slow SW of nearly 400 km s�1,
the SW flow distributions of both polarities at the speed of
250–550 km s�1 being similar. We assume that such SW den-
sity flux may be partly associated with small CHs with different
polarities located at low and middle latitudes inside all four
coronal field regions (Fig. 3). At the speed greater than
550 km s�1, the SW flux of positive polarity exceeded that
of the negative polarity above the errors. Using the ICME cat-
alog for 2012 (Richardson & Cane 2010), we calculated the rel-
ative contributions of the transient ICME flows to different
velocity components of SW divided on 50 km s�1 bins
(Fig. 6, right). It can be seen that in the whole interval from
250 to 750 km s�1 the contribution of ICMEs does not exceed
16%. Thus, the enhanced SW flux of positive polarity with
V > 550 km s�1 is associated with the LCH.

We considered the relationship of the SW density flux with
parameters of CHs and the solar activity separately for the total,

slow (V < 450 km s�1) and fast (V > 450 km s�1) SW flux.
Figure 7 shows the variations of density fluxes for the slow, fast
and total SW averaged for each Carrington rotation in compar-
ison with the averaged sunspots numbers taken from the Solar
Influence Data Center in Brussels (SIDC, http://www.sidc.be).
The averaged sunspots numbers were calculated as averaged
daily numbers of sunspots in each rotation.

The total SW density flux averaged over CR presented in
Figure 7 varies between 0.5 and 1.5 · 108 cm�2 s�1 with the
mean value being around 1 · 108 cm�2 s�1. In the beginning
of the year (CR 2119) the fast wind constituted about 8% of
the total SW density flux, in the middle of the year
(CR 2124–2125) this component increased to 32% and then
in the end of the year (CR 2127–2129) it decreased back to
3% of the total flux. Averaged over the year, the fast component
was about 10% of the total SW density flux, which is less than
the value averaged over longer temporal periods (Wang 2010a).
The slow-speed flux constituted from 92% of the total flux dur-
ing CR 2119 to 68% during CR 2125 and again to 97% during
CR 2130. Both components and the total SW density flux in
2012 were considerably lower than the long period averages
(2–4 · 108 cm�2 s�1) given by Feldman et al. (1978),
Goldstein et al. (1996), and Wang (2010a).

Figure 6. Left: variation of the mean SW density flux averaged over 2012 versus the SW velocity. The SW density flux with the positive
polarity Bx-component of the IMF is marked by the blue line, and that with negative polarity is marked by the red line. Right: relative
contribution of ICME (in %) to the SW flux in 2012 as function of SW speed.

Figure 5. Scatter plot of hourly values of the SW velocity versus the Bx-component of IMF during CR 2119–2125 (left) and CR 2126–2131
(right). The blue bars correspond to the counts less than 10, the yellow bars – from 10 to 20 and the red bars – more than 20.
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It is necessary to point out that only the fast SW density flux
component evidently correlates with the averaged sunspots
number (Table 1), which is associated with the sporadic solar
activity, most probably, in the form of CMEs. Fast SW density
flux correlates with maximum values of the CH areas. Slow
SW flux correlates better with the total CH area. The maximum
CH areas are linked to the LCH, which produce SW streams
with the velocities more than 450 km s�1. Their contribution
to the total SW density flux is significant during CR 2121–
2125 (Fig. 7). The total CH area also includes many small
CHs of different polarities producing the SW streams with
the velocities near 450 km s�1, which in total can exceed the
area of the LCH. So, the slowest and densest SW flows show
the best correlation with the total area of CHs.

Figure 8 shows the SW density flux as a function of veloc-
ity averaged over the 50 km s�1 bins for rotations CR 2119–
2130 separately for positive and negative polarity of Bx-
component of the IMF. We can see that the SW density flux
with the velocity around 550–650 km s�1 with positive polar-
ity shows the notable enhancement during CR 2122–2125
associated with the LCH.

Furthermore, the area of this LCH (Fig. 2b), as well as the
solar activity (Fig. 7), declined during CR 2127–2129, which
resulted in decrease of the fast component of the SW density
flux of positive polarity as well as the total value of SW flux.
Thus, structure of the SW density flux and its total value
depend on area of the large-scale CH as well as on level of
the solar activity. The distributions in Figure 8 show that the
SW density fluxes of different polarities changed significantly
from rotation to rotation. The SW density flux distributions
are similar for the streams of both polarities only during
CR 2122 and 2123 for V < 450 km s�1. However, the charac-
ter of this distribution has changed dramatically starting from

CR 2126, when the transformation of the quadrupole structure
of the coronal magnetic field took place.

5. Summary

In conclusion, the obtained results have shown that the multipo-
lar structure of the solar magnetic field and its variations during
the polarity reversal process were the main causes of evolution
of the coronal sources of SW and, thus, defined the main param-
eters of space weather in 2012 – configuration of the helio-
spheric magnetic field and parameters of SW.

The global magnetic field of the corona, large-scale long-
living CH, the sector structure of IMF and SW streams near
maximum of cycle 24 were studied using the WSO magnetic
field measurements and coronal extrapolations as well as the
SDO EUV images and the ACE SW data.

The stable quadrupolar structure of the coronal magnetic
field was observed during February–August 2012. One of the
negative polarity regions contained a long-living trans-
equatorial isolated large CH (LCH), being the source of a dom-
inating recurrent high-speed SW stream with a speed of more
than 550 km s�1. The disappearance of the LCH coincided
with the decrease in the quadrupole component strength. The
evolution of the LCH resulted in the variation of the SW prop-
erties near the Earth. The distribution of SW velocity versus
polarity of the Bx-component of IMF differed appreciably in
time before and after the disappearance of the LCH. We have
determined that the equatorial part of the LCH rotated with a
period of 26.9 days, which is slightly less than the rotational
period of mid-latitude part of the same LCH (27.3 days). It
agrees with the conclusion of Wang et al. (2010b) about rota-
tion of CHs formed by ARs.

The SW sources during 2012 produced SW fluxes with
varying average velocities and densities in the scale of rotations.
The mean total SW density flux in 2012 was considerably
lower (nV = 1 · 108 cm�2 s�1) than the typical long-term
value of 2–4 · 108 cm�2 s�1 (Feldman et al. 1978; Goldstein
et al. 1996). According to the assumption of Wang (2010a),
such low SW density flux could result from lower coronal heat-
ing due to the weaker magnetic field at the coronal base. It con-
firms the tendency described by McComas et al. (2008), who
have pointed out that in the minimum of the current solar cycle
the SW density flux measured by Ulysses was lower than in the
previous minimum by as much as ~20%. The high-speed SW
flux with V > 450 km s�1 constituted 32% as maximum during
the existence of the LCH, but only 10% in the average of the
total SW density flux value. The slow-speed component of
SW density flux comprised more than 68% of the total flux.

The structure of the SW density flux and its total value
depended on the area of the CHs as well as on the level of solar
activity. A significant positive correlation existed between the

Table 1. Correlation coefficients between components of SW density
flux, CH areas and daily sunspots numbers averaged over Carrington
rotations.

Flux Total CH area Maximum CH area Av. sunspots

Total 0.44 0.43 0.08
Fast 0.10 0.61 0.38
Slow 0.46 0.27 �0.04

Figure 7. Top panel: variations of the CH areas during CR 2119–
2130 (January–November 2012) in arbitrary units. Solid line – the
total CH area; dashed-dotted line – the maximum value of the CH
area in the current rotation obtained from the SDO/AIA images at
193 Å. Dotted line – the daily sunspots numbers averaged over each
rotation (in arbitrary units). Bottom panel: variation of the SW
density flux during CR 2119–2130. Solid line with crosses – the
total SW density flux; dashed line with triangles – the slow SW
density flux (V < 450 km s�1); dashed-dotted line with squares – the
fast SW density flux (V > 450 km s�1).
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high-speed density flux of SW streams and the maximum CH
area determined from the SDO/AIA 193 Å images. Taking
the data averaged over rotations, the Pearson correlation coeffi-
cient reached more than 0.6 for the high-speed SW streams with
the velocity of more than 450 km s�1 (Table 1). For slow SW
streams with V < 450 km s�1 the correlation with the maxi-
mum CH area was less than 0.3. The slow SW flux showed
higher correlation (>0.4) with the total CH area independently
of their polarity which suggests that these flows can be associ-
ated with many small CHs scattered over the Sun in the regions
of different polarity. The relative contributions of the transient
ICME flows on the distribution of SW density flux did not
exceed 11% for the slow SW and increased to 16% for the
high-speed SW in 2012.
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