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Abstract 

The coronal holes (CH) are sources of high-speed flows of solar wind, and, in its turn, 

are one of the main sources of geomagnetic disturbances. The coronal holes differ very much 

one from another and their geoeffectivity varies in a wide range. In this paper we implement a 

study to answer the question how the coronal holes characterized by different location on the 

Sun and by their polarity influence the geomagnetic activity. We considered 53 coronal holes 

observed in the period 2011-2012 of solar cycle 24, and separated them into groups by the 

heliolatitude and their polarity. A conclusion is made that the trans-equatorial group is the 

most effective one. Less, but yet sufficiently effective, are the holes of negative polarity at 

north latitudes and those of positive polarity at south latitudes. The much smaller number of 

coronal holes of opposite polarity (CH of negative polarity in south hemisphere and CH of 

positive one in north hemisphere) are less effective. 

Key words: solar coronal holes on the Sun, positive/negative polarity of magnetic 

field, high-speed solar wind, geomagnetic disturbances  

 

Introduction. The coronal holes (CH) are an important factor characterizing the solar 

activity. It is known that CH are the source of the high-speed solar wind, which effectively 

influences on the magnetosphere of Earth [1]. The coronal holes are extended regions in the 

solar corona where the density and temperature are lower than other places in the corona. The 

weak, diverging and open magnetic field lines in coronal holes extend radially outward. The 

high speed path of the solar wind streams out from coronal holes. The low density of the gas 

makes this parts of the corona appear dark in extreme-ultraviolet and soft X-ray images of the 

Sun, as if they were a hole in the corona [2, 3]. 
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The investigation of the coronal holes properties and behavior is connected before all 

with their effects at the Earth. The studies, which are related to the coronal holes positions as 

well as to the flow, polarity and solar wind velocity are really very important [4]. Some 

models are developed for prediction of the solar wind from coronal holes [5].  

The model is based on the position and the magnitude of the solar coronal holes. Some 

studies are proposed concerning the quantitative analysis of the quadruple component of the 

magnetic field [6]. By means of this method the magnetic field poles are determined and 

therefore the coronal holes behavior as well as their appearance and motion. It is assumed that 

the coronal holes position follows the magnetic field poles motion. All these and also other 

investigations consider before all the coronal holes, their behavior and structure or the solar 

wind from them. But these studies do not connect directly the coronal holes with the 

geophysical activity. 

Generally, coronal holes are associated with fast expanding open magnetic fields and 

the acceleration of the high-speed solar wind [7]. The plasma properties in coronal holes and 

the physical processes that heat the solar corona and accelerate the solar wind are still 

unknown to what extent the solar wind is fed by flux tubes that remain open, and to what 

extent much of the mass and energy is input intermittently from closed loops into the open-

field regions. Evidence for both paradigms is summarized in the works [7, 8]. Despite of the 

incomplete knowledge of the complex multi-scale plasma physics, however, some progress 

has been made toward the goal of understanding the mechanisms ultimately responsible for 

producing the observed properties of coronal holes [9]. The goal of the present work is to 

investigate the geoeffectivity of solar coronal holes in dependence on the polarity of the 

corresponding magnetic fields. 

Data and methods. The data base for Forbush-effects and interplanetary disturbances 

developed in IZMIRAN [10] is used by us in order to chose events in which the coronal holes 

have influence on the Earth’s magnetosphere. 53 events in the period 2011-2012 were chosen, 

such that a well recognized coronal hole was the source of geoeffectivity in each case. We 

considered the coronal holes with respect to their polarity and the location on the solar disk. 

The enumeration and location of the CH we obtained from the site [11], and the polarity was 

retrieved from data taken from [12]. On Figs. 1-3 are presented some representative examples 

of coronal holes on the Sun during the current 24th cycle passed through the central solar 

meridian. 

The coronal hole CH435 demonstrated in Fig.1 passed through the solar central 

meridian on January 30 - February 1, 2011, and the related geomagnetic effect was observed 

on the Earth on February 4-8. This hole created a Forbush-effect of magnitude 1.5%, as well 

as a moderate geomagnetic storm (Kp-index was 6-, and  Dst-index reached 56 nT). The 

maximal velocity of the solar wind was 647 km/s. 

Fig.1.  
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The coronal hole СН474, shown in Fig.2, passed through the solar central meridian on 

September 1, 2011, and the related geomagnetic effect on the Earth was observed on 

September 4-8. This hole caused a Forbush-effect of magnitude 0.7%, and was accompanied 

with a small disturbance of the geomagnetic field (Kp-index was 3; Dst-index was 20 nT). 

The maximum velocity of the solar wind was 441 km/s. 

Fig.2.  

The coronal hole СН515 demonstrated in Fig. 3 passed through the solar central 

meridian on May 5-7, 2012, and the related geomagnetic effect was observed on the Earth on 

May 8-12. This hole created a Forbush-effect of magnitude 1.9%, as well as a small  

geomagnetic storm (Kp-index was 5-; Dst-index reached 42 nT). The maximum velocity of 

the solar wind was 638 km/s. 

Fig.3.  

Discussion of the results. We considered 53 events whose sources were coronal holes 

on the Sun. We found 12 coronal holes of negative polarity in the northern solar hemisphere; 

16 CH of positive polarity in the southern solar hemisphere; 21 coronal holes crossing the 

equator (19 of them - of negative polarity, and only 2 – of positive polarity); and 4 untypical 

coronal holes (3 of them of negative polarity in the southern hemisphere, and one of positive 

polarity in the north hemisphere). The average characteristics of the cosmic ray intensity, 

geomagnetic activity and the interplanetary space during the studied events are presented in 

the Table. 

Table. Average characteristics of the geomagnetic activity and the interplanetary space during 

studied events. 

Location N S Trans-equatorial Not typical 

coronal holes 

Polarity - + -/+ +/- 

Number 12 16 21 4 

Forbush effect 1.01 ± 0.13 0.81 ± 0.09 1.00 ± 0.10 1.15 ± 0.25 

Крmax_mid 3.83 ± 0.35 3.62 ± 0.23 4.27 ± 0.21 3.16 ± 0.35 

Арmax_mid 29.83 ± 6.27 24.63 ± 3.71 35.52 ± 4.38 17.25 ± 3.75 

Vmax 547.3 ± 36.4 524.1 ± 15.0 572.6 ± 22.1 498.5 ± 83.9 

Dstmin -34.0 ± 4.6 -21.9 ± 3.3 -32.6 ± 3.8 -15.8 ± 2.4 

 

Here the decrease of the cosmic ray intensity during Forbush effects is expressed in %. The 

following geomagnetic disturbance indexes are also shown in the Table: the estimated 3-hour 

planetary Kp-index and the daily geomagnetic planetary Ap-index. Vmax is the maximal 

velocity of solar wind and Dstmin is the minimal value of the geomagnetic equatorial Dst 

index. 

The results of analysis of all 53 cases of coronal holes are presented in Fig. 4. It shows 

the four groups on which the considered 53 coronal holes are divided.  

http://www.google.bg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&ved=0CF8QFjAG&url=http%3A%2F%2Fwww.nwra.com%2Fspawx%2Fap.html&ei=RI7_UtieL-PnygPs-4JI&usg=AFQjCNF4HODyDKKqXRZBtxNWpEngW_X8kQ&bvm=bv.61535280,d.bGQ&cad=rja
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The coronal holes of the first group are situated in the Northern hemisphere and they 

are of negative polarity. These holes are shown with reverse red triangles. The mean value of 

the maximal Kp for each of the 12 cases is 3.83. It is shown with red line. 

 The second group of coronal holes is situated in the Southern hemisphere with 

positive polarity. It is presented by blue circles. The mean value of the maximal Kp for each 

of the 16 cases is 3.62, respectively. It is shown with blue line.  

The trans-equatorial cases which are most numerous – namely 21, are shown with 

green squares. The mean value of the maximal Kp for each of the 21 cases is 4.27. It is shown 

by green line. The remaining cases are presented by gray line. On this Figure 4 namely, it is 

seen clearly that the largest group which consists of trans-equatorial coronal holes, is the most 

geoeffective one. In this case 19 holes have negative polarity and only two – positive polarity. 

The result is explicable from the point of view of dynamics and topology of solar wind 

propagation. The negative polarity brings the negative Bz component, which is basic factor 

for geomagnetic storms appearance. This could be an explanation for dominance of the trans-

equatorial coronal holes as a factor initiating the geomagnetic storms. 

In addition, the large-scale accelerated solar wind flow increases the reconnection of 

the moving interplanetary magnetic field to the Earth’s magnetic field. It occurs because of 

the great surface which is expanding from pole to pole. As a result from both factors, namely, 

negative interplanetary magnetic field, and large-scale solar wind shockwave, these coronal 

holes become most geoeffective and cause geomagnetic storms. 

Fig.4. 

Conclusion. We found that the most geo-effective is the trans-equatorial group, in 

which almost all coronal wholes are of negative polarity. Our analysis show that less (yet 

sufficiently) effective are the holes of negative polarity in the northern hemisphere and those 

of positive polarity in the southern hemisphere. There are very small numbers of coronal 

holes of opposite polarity (southern negative, and northern positive); their effectivity is 

smallest. One has to remember, however, that our study concerns a single solar cycle. We 

suppose that with the change of sign of the common solar magnetic field opposite results will 

be obtained. 

It is demonstrated, also, that there is no significant difference between the groups 

considered, with respect to the magnitude of the Forbush-effect. Actually, the intensity of a 

geomagnetic storm is influenced by the sign of the Bz component of the magnetic field; on the 

other hand, for the Forbush effect the global interplanetary characteristics, such as the solar 

wind velocity, the magnitude of the common magnetic field, and dimensions of the 

disturbance, etc., are important. 

In relation to Forbush effects, the separate groups of coronal holes do not differ by 

their influences. In some sense it is explicable because, before all, the interplanetary 

characteristics are important for the Forbush effects. Such characteristics are the solar wind 
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velocity, flow density, the interplanetary magnetic field magnitude, as well as its disturbance. 

However, the sign influence and the interplanetary magnetic field Bz component value are 

most significant for the geomagnetic storm scaling. 

The results which are obtained are yet preliminary, but they present a good base for 

future investigations. They give a better idea for coronal holes geoeffectiveness. At the same 

time, the results and conclusions which are obtained are good indicator for space weather 

prediction. This kind of investigations is basic for a methodology of short time (for example, 

3- and 6-day) period predictions. 

For the quantitatively interpretation of the influences of the considered solar factors in 

the ionosphere and atmosphere the operational models CORSIKA [13, 14], CORIMIA [15-

18] will be used. The reported results should be taken into account in analyses related to the 

geomagnetic field and cosmic rays influence on the atmospheric ozone [19] and air surface 

temperature [20, 21]. 
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Fig.1. A case on January 30 - February 1, 2011 of a northern coronal hole of negative polarity 

of its magnetic field 
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Fig.2. A case on September 1, 2011 of a southern coronal hole of positive polarity of its 

magnetic field 

 
 

FIg.3. A case on May 5-7, 2012 of a trans-equatorial coronal hole of negative polarity 

of its magnetic field 
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Fig.4. The average geoeffectivity of the coronal holes in different groups. The 

horizontal lines correspond to the average value of the Kp index for each group of coronal 

holes 

 

 

 


