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The effect of the Weddell Sea anomaly on the structure of the nighttime ionosphere in the Southern 

summer hemisphere is studied. For this purpose, we used data from the CHAMP satellite for 

Januaryь 2003 with high solar activity and for January 2008 with low solar activity. The data relate 

to the local time interval 02−04 LT, when the strongest increase in the electron concentration occurs 

due to the formation of an anomaly. At longitudes 60−180180 180° E with high solar activity and 

0−225° E with low solar activity, where the anomaly is absent, the main ionospheric dip is 

observed. The plasma peak in the nighttime ionosphere associated with the formation of the 

Weddell Sea anomaly reaches 6 MHz at low and 10 MHz at high solar activity. The strongly 

developed plasma peak at high solar activity decreases sharply to high latitudes at the equatorial 

boundary of auroral diffuse eruptions, which corresponds to the plasmopause. With a poorly 

developed anomaly, the contribution of diffuse eruptions becomes noticeable, so the plasma peak 

expands to the pole due to these eruptions. More polar than the anomaly, a high-latitude dip is 

usually observed at the latitudes of the auroral oval. Equatorial to the anomaly, a well-defined 

minimum of electron concentration is often formed, which can be defined as a subplot. It is shown 

that in some cases the subplot is associated with the removal of ionospheric plasma from the 

summer hemisphere to the winter one. Then, in the winter hemisphere, a maximum concentration is 

formed at conjugate latitudes. Subpopulation is much more often observed at low solar activity than 

at high solar activity.   
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1. INTRODUCTION

At ionospheric stations Halley Bay (75.6° S, 333.4° E, 65.8° GMLat) and Argentine Island 

(65.3° S, 295.7°E, 53.8° GMLat) was first detected anomalous behavior of foF2: during the 

December solstice night values greatly exceed the daytime [Bellchambers and Piggott, 1958; 

Penndorf, 1965; Dudeney and Piggot, 1978]. Based on the name of the nearest sea, this effect was 

called the Weddell Sea Anomaly (Weddell Sea Anomaly, WSA). Studies of WSA characteristics 

were later continued using the TOPEX/Poseidon experiment for all levels of solar activity and all 

seasons [Horvath and Essex, 2003; Horvath, 2006; Jee et al., 2009], direct measurements of the Ni 

ion concentration at DMSP satellite altitude of 850 km [Horvath and Lovell, 2009], and Ne electron 

concentrations at the CHAMP satellite altitude of 400 km [Liu et al., 2010], as well as according to 

radio-eclipse measurements in the COSMIC/Formosat experiment [Burns et al., 2008; He et al., 

2009; Lin et al., 2009]. The anomaly region was clearly delineated by data from the Intercosmos-19 

and CHAMP satellites in [Karpachev et al., 2011 and Klimenko et al., 2015]. In all the cited works, 

the causes of the formation of anomalies were also discussed. A detailed study of the anomaly 

formation mechanism based on data from ground stations and the FLIP model was conducted in a 

recent study [Richards et al., 2018].  The main reason for a strong increase in the electron 

concentration at night at the latitudes of the anomaly is the effect of a neutral wind in the presence 

of high residual ionization after the" shutdown " of solar radiation.  

The main ionospheric sinkhole (GIP) was discovered and described in the pioneering work of 

Muldrew [1965]. In addition to the GIP, Muldrew observed another dip at higher latitudes, which 

he identified as a high-latitude ionospheric dip. Both failures have been repeatedly investigated, and 

the results are presented in reviews [Ahmed et al., 1979; Moffett and Quegan, 1983; Grebowsky et 

al., 1983; Williams and Jain, 1986; Rodger et al., 1992; Nilsson et al., 2005].  As the study of both 

dips progressed, it was found that the VIP is located within the auroral oval of the eruptions 

[Grebowsky et al., 1983], and the IP is mainly located equatorial to the oval [Ahmed et al., 1979]. 

However, a VIP located at the lowest possible latitude can be confused with a VIP located at the 

highest possible latitude. Therefore, a special method using the auroral oval model was proposed to 

separate VIP and GIP [Vorobjev et al., 2013]. This model was developed using data from DMSP 

satellites at the Polar Geophysical Institute in Murmansk and is available on the website 

http://apm.pgia.ru. The model describes zone I of auroral diffuse eruptions on the equatorial edge of 

the auroral oval and zone II of diffuse eruptions on its polar edge. It has been shown that zone I 

usually forms the polar wall of the IPU, while zone II forms the polar wall of the IPU. This is a key 

factor in distinguishing GIP from VIP. The analysis is most effective within the framework of the 

longitude effect, since the position of all ionospheric structures depends on longitude. The position 

of the auroral oval also depends on longitude and is determined by the angle of inclination of the 
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Earth's dipole [Karpachev, 2023]. The amplitude of longitudinal variations in the auroral oval of 

eruptions is ~2.5°. 

GIP is most pronounced in winter night conditions. However, at night it is quite well manifested 

in the summer. In the Southern summer hemisphere, the dynamics of the sinkhole should be 

strongly affected by the Weddell Sea anomaly. The purpose of this study is to test this assumption.  

2. DATA 

We used data from direct measurements of the Ne electron concentration on the CHAMP 

satellite [Rother and Michaelis, 2019]. Data were collected for−January 5-11, 2003 at high solar 

activity (F10.7 ~ 160 sfu) and for−January 3-13, 2008 at low solar activity (F10.7~80 sfu). The data 

relate to relatively quiet periods of time with Kp < 4. The satellite was orbiting in an almost polar 

orbit with an inclination of 87°, and the orbit height was ~520 km in January 2003 and ~360 km in 

January 2008. The Ne variations are presented below in terms of the plasma frequency fp. The 

measurements were carried out at ~1° latitude intervals, which makes it possible to determine the 

positions of all ionospheric structures fairly accurately. Data from the CHAMP satellite is freely 

available on the website ( https://isdc.gfz-potsdam.de/champ-isdc://isdc.gfz-potsdam.de/champ-

isdc/). 

 

3. DISTRIBUTION OF ELECTRON CONCENTRATION IN THE SOUTHERN HEMISPHERE 

 

Figure 1 shows the distribution of fp in the Southern Hemisphere for 02−04 LT obtained from 

CHAMP data for high solar activity (HSA) and low solar activity (LSA). The maps are based on 

data for several quiet days in January 2003 and January 2008, respectively. The fp values are much 

higher at ICA than at NSA, although at low activity the satellite was closer to the maximum F of 

the F2 layer. However, both distributions are similar in structure. In both cases, there is a strong 

increase in the electron concentration associated with the formation of WSA: at longitudes from 

180° W до 70°W W to 70 Е E at ICA, and from 150° W to 70° E at HSA. The anomaly is much 

more developed in ICA. The dashed curve shows the position of the GIP defined for 04 LT, but in 

winter conditions. As a result of data averaging, the summer GIP is clearly shown on maps only at 

longitudes 90-150 ° E−150° for ICA and at longitudes 60-210 E for−210° NSA. VIP clearly 

manifested itself only at ICA at longitudesοφ 120180° 180 Е. E. Thus, a comparison of the electron 

concentration distributions for high and low solar activity makes it possible to identify both 

similarities and differences between them. More subtle differences will be identified and discussed 

later in the detailed analysis.  

 

https://isdc.gfz-potsdam.de/champ-isdc/
https://isdc.gfz-potsdam.de/champ-isdc/
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4. VARIATIONS OF DIFFERENT STRUCTURES IN THE SOUTHERN HEMISPHERE 

DURING HIGH SOLAR ACTIVITY 

Figure 2 shows the longitude variations of different structures of the summer night ionosphere 

in the Southern Hemisphere. We used data from the CHAMP satellite for ICA obtained−on January 

6-10, 2003. Figure 3 shows the latitudinal fp profile sobtained at different longitudes on January 7, 

2003 for calm geomagnetic conditions (Kp varied from 1+ to 3 -). Data in the mid-to high-latitude 

region refer to the post-lunar ionosphere inτηε ρανγε 0204 04 LT. The zones of auroral diffuse 

eruptions in Fig. 2 are shaded.  

The asterisks in Figure 2 show the position of the Ne peak associated with WSA. The vertical 

lines show the width of this peak, but only for January 7, so as not to clutter the chart. The filled 

circles in Fig. 2 indicate the position of the GIP. The GIP is understood as a structure corresponding 

to the classical main ionospheric dip, i.e., a sufficiently deep minimum of electron concentration at 

typical latitudes of the GIP and the polar wall at the latitudes of precipitation in zone I. The polar 

wall of the GIP is indicated by triangles. A high-latitude dip is often observed more polar than the 

GIP; it is indicated by empty circles. VIP is usually observed inside the auroral oval, its polar wall 

is formed by diffuse eruptions in zone II. From Fig. 2 it can be seen that the classical HIP is 

clamped by the WSA in longitude on both sides, so that it is observed only in the longitude range 

60-180° E. In fact, this is the main feature of the nighttime summer ionosphere of the Southern 

hemisphere. The thick curve also shows the position of the winter GIP for 04 LT [Karpachev et al., 

2019]. It can be seen that the positions of the summer and winter dips do not differ much. At low 

longitudes, the GIP passes into a structure that is similar to a sinkhole, but its minimum is located 

much lower in latitude than the classical GIP and, accordingly, the equatorial edge of the auroral 

oval. Let's define this structure as a subgroup. Subprovals are indicated by squares in Fig. 2. They 

are observed in Fig. 3 on turns that correspond to longitudes 50, 26, and 3° Е. E. The transition of 

the GIP to the SMS occurs so imperceptibly that it is easy to miss it during analysis. For example, 

the structure at longitude 60° Е E in Figure 3 can be interpreted in two ways, both as a GIP and as a 

sub-gip. At this transition the polar wall of the GIP as at longitude 84° Е E also imperceptibly 

passes into the plasma peak at longitude 50° E, already explicitly linked to WSA. It follows from 

the above that the GIP/sms structure can be uniquely identified only in dynamics, considering the 

whole picture as shown in Figure 2.  

WSA begins to develop at longitudes less than 60° E. A subplot is usually formed on the 

equatorial edge of the anomaly. With a further decrease in the longitude of observations, it becomes 

less noticeable and disappears during the transition to the Western Hemisphere. The WSA in the 

Western Hemisphere is the dominant structure; in Figure 2, it is bounded by a latitude 

−40οφ 40 40°; in fact, it extends further to the equator, but in this case this is not essential. The 
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high-latitude edge of WSA in the Western Hemisphere is surprisingly close to the equatorial 

boundary of Zone I. However, this is quite natural, since the border of rashes almost coincides with 

plasmopause. The polar wind outside the plasmopause carries ionospheric plasma along the 

geomagnetic field lines up and further into the magnetosphere. Therefore, the polar boundary of the 

WSA is very sharp. Then the electron concentration decreases slowly and forms a minimum of VIP. 

Its polar wall is formed by eruptions in zone II. At low longitudes in the Eastern Hemisphere, the 

WSA is bounded not by the equatorial but by the polar boundary of zone I. This is because the 

WSA is just beginning to form at these longitudes, so that the effect of precipitation becomes 

noticeable at a low background level. In other words, in this case, the polar edge of the plasma peak 

is formed by diffuse eruptions.  

VIP has a very variable structure, both in shape and position, so it is practically not reproduced 

when averaging data and is reflected on the map only in the longitude range of 120−180180 180° E. 

Similarly, the subplot is shown on the map together with the GIP only in the longitude 

rangeοφ 3075° 75 Е. 

The dynamics of dips and WSA in the Southern summer hemisphere is so complex that it leads 

to contradictory results in its study. For example, in [Aa et al., 2020], statistical processing of data 

from the Swarm satellite showed that the summer dip in the Southern Hemisphere is on average 

located 1.4° more equatorially than the winter dip. In [Yang et al., 2018) As expected, the summer 

HIP was identified only in the longitude range of 60-90° but it turned out to be on average 3 more 

equatorial than the winter dip. This is obviously due to the fact that in both cases, the data array also 

included a subproject that underestimated the average position of the GIP. In [Lee et al., 2011], data 

from the COSMIC/Formosat experiment were considered only outside the WSA zone, but the 

average position of the dip at 04 LT turned out to be much more polar than the winter GIP, at 

latitudes 64−6565 65−. It is not difficult to determine in Figure 2 that this corresponds to the VIP, 

and not the GIP.  

Figure 3 shows the latitudinal fp profiles obtained at different longitudes on January 7, 2003. 

They were practically discussed in the process of describing fig. 2. Note again how smoothly the 

plasma peak forming the polar wall of the GIP is absorbed by the plasma peak during the formation 

of WSA. Note one more feature in Fig. 3. Let's note one more feature in Fig. 3. On the lowest fp 

profile obtained at longitude 212° E, the electron concentration slowly decreases towards high 

latitudes, forming a shallow VIP with a very low polar wall. Such latitudinal profiles are typical in 

the longitude rangeοφ 150250° 250 Е. E. VIP in this range of longitudes is maximally removed to 

the pole. This is probably due to the specific nature of eruptions in zone II in this longitude interval. 

Figure 4. 
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For a more complete understanding of the morphology and causes of the formation of the 

nighttime summer ionosphere in the Southern Hemisphere, we will consider the most characteristic 

latitudinal sections of fp (Fig. 4. In Fig. 4aа shows a comparison of two sections - in the normal and 

anomalous ionosphere. Sections were obtained on January 9, 2003 in the longitude sectors 105° E 

and 335° E. At a longitudeοφ 105 Е E in the normal ionosphere, a classical hype is observed, the 

polar wall of which is formed by precipitation in zone I. HIP is also accompanied by a well-defined 

VIP, the polar wall of which is respectively formed by rashes in zone II. The positions of the rash 

zones correspond to the longitude of observations and the Cr-index. An extremely pronounced 

increase in the electron concentration associated with the formation of WSA is observed in the 

anomalous ionosphere. This increase reaches a maximum 9-10 MHz. The plasma peak abruptly 

ends at the latitude of the plasmopause, the VIP minimum is observed somewhat more polar, and its 

polar wall is located even further along the latitude. Thus, WSA completely absorbs the GIP, but 

does not affect the VIP, at least not much.  

Figure4b shows the extremely characteristic latitudinal profile fp obtained on January 13, 2003 

at longitude 22° E and the associated profile fp recorded in the Northern Hemisphere for almost the 

same conditions (dashed curve). In the Northern Hemisphere, a classic HYPO is observed with a 

minimum at latitude 62°. In the Southern Hemisphere, at the latitudes of the dip, at the same 

longitude 22° Е E, a plasma peak associated with WSA begins to form. This peak is not strong 

enough to completely absorb the GIP, but it shifts the minimum of the GIP to the pole. This 

minimum is marked with a circle in Figure 4. A subplot is formed equatorially to WSA at latitude 

−50.5°, which is marked with a square. Note that no specific mechanism for the formation of 

subpoles was involved – the minimum electron concentration is formed simply because the 

concentration increases both to the equator and to the pole.  

In Fig. 4b also shows the fp profiles in the Southern and conjugate Northern hemispheres. In the 

Northern Hemisphere, ISU is located at latitude 58°, which corresponds to longitude and Cr. In the 

Southern Hemisphere, at longitude 47° E, an anomaly begins to form, which fills the GIP minimum. 

Instead, a shallow minimum is formed, marked with a square. This minimum is located at latitude 

−52°, which is too low for the GIP, so it is a sub-level. In the conjugate Northern Hemisphere, a 

small peak of electron concentration is observed at these latitudes. The mechanism of formation of 

such a conjugate structure is well known – plasma flows from the summer hemisphere with an 

increased level of ionization along the magnetic force tube to the winter hemisphere due to 

diffusion (Krinberg and Tashchilin, 1984). This mechanism is most effective for mid-latitudes, 

where the volume of power tubes maximizes the flow of ionospheric plasma.   
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In Fig. 4d also shows the conjugate fp profiles obtained on January 8, 2003 in the longitude 

sector ~35° E. In the Northern Hemisphere, there is a well-defined HYPO. In the Southern 

Hemisphere, the WSA completely fills the GIP. And at very low latitudes - (43−47°), a minimum is 

observed, again conjugated with the plasma peak in the Northern winter Hemisphere.  

Thus, we can distinguish two reasons for the formation of a subplot, which is quite regularly 

observed in the range of longitudes 0−60° E. One of them is related to the transfer of plasma from 

the summer hemisphere to the winter hemisphere under the influence of diffusion. The second 

reason is due to a sharp increase in the electron concentration to the pole during the formation of 

WSA, and in the presence of an increase in the concentration to the equator. In turn, the increase in 

the concentration towards the equator is associated either with the crest of the equatorial anomaly or 

with the local Ne maximum at low latitudes, which is usually observed even after the collapse of the 

equatorial anomaly [Karpachev, 2021]. 

5. VARIATIONS OF DIFFERENT STRUCTURES IN THE SOUTHERN HEMISPHERE 

DURING LOW SOLAR ACTIVITY 

Consider the situation in the Southern Hemisphere with low solar activity and highlight its 

differences from high solar activity. Figure 5 shows the longitude variations of the Southern 

Hemisphere structures identified for January 3-11, 2008 for NSA and quiet geomagnetic conditions. 

The data refer to almost the same local time interval as in Figure 2 (03−04 LT). Figure 6 shows the 

latitudinal fp profiles typical of the NSA fp. Figure 6aа, similar to Fig. 4a, shows latitudinal profiles 

in the normal and anomalous ionosphere. In NSA, the increase in electron concentration at night in 

the WSA region reaches only 6 MHz compared to 10 MHz in ICA. GIP, on the contrary, is more 

pronounced in NSA. Therefore, the region of existence of classical GIP in HSA is wider than in 

ICA and occupies 0-225° Е E, as can be seen in Figure 5. The weaker development of WSA also 

affects the fact that the polar boundary of all plasma peaks in Figure 5 is determined by diffuse 

precipitation, and not only at small longitudes, as shown in Fig. 5 with ICA (fig. 2). This is due to 

the fact that the effect of rashes becomes more noticeable at a low background level.   

However, the main difference from ICA is the presence of sub-channels in the Western 

Hemisphere. Moreover, subprovals are observed at much lower latitudes than at ICA. Two 

examples of subwaves are shown in Figure 6b. The subwaves recorded on January 11, 2008 in the 

longitude sector 25° E at latitude −52°are similar to the subwaves observed at low longitudes in 

ICA. The subplot registered in the longitude sector 323° E is located at a very low latitude οφ −37°. 

However, it stands out quite clearly, so it is impossible not to notice it when processing data. 

Especially if we are talking about automatic selection of dips. This technique has been increasingly 

used recently. Note that there are no sub-pipelines in the Western Hemisphere during ICA for a 
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simple reason – they are filled due to more intense solar ionization. But even with NSA, subprovals 

in the Western Hemisphere are not very pronounced.   

The triangles in Fig. 5 mark the position of the polar wall of the GIP, which is formed as a 

separate peak. The polar wall of the HYPO, as usual, is associated with diffuse eruptions in zone I. 

In the longitude range−120-210 ° E,τηε πολαρ wall is still steep, but there are many plasma peaks 

at its top, which makes it difficult to determine its position, and it is not marked in Figure 5.  

Figure 6.  

Figure 6c is completely similar to Fig. 4b. In Fig. 6c shows the characteristic latitudinal profile 

of fp obtained on 5 January 2006 at the longitude 22° E and the conjugate profile of fp recorded in 

the Northern Hemisphere for almost the same conditions. In the Northern Hemisphere, a classical 

ISU with a minimum at latitude 62° is observed. In contrast, the Southern Hemisphere shows a 

plasma peak at these latitudes associated with WSA formation. Since the data refer to the midnight 

hours of local time, the WSA is not yet strongly developed and the plasma peak does not 

completely absorb the ISU. However, this peak shifts the minimum of the ISU to the pole and also 

forms a subwavelength at the latitude -50.5°.  

Figure 6(d) shows the latitudinal fp profiles obtained on January 5, 2008 in the longitude sector 

215° E. In the Southern Hemisphere, there is a well-defined subplot at latitude −47°. At 

approximately the same latitude, a plasma peak is observed in the Northern Hemisphere. Thus, the 

mechanism of plasma transfer from the summer hemisphere to the winter one works quite 

effectively even at low solar activity. 

Horwath and Lowell (2009) studied the dip and WSA using data from the DMSP F15 satellite 

for the winter of 1996-1997, i.e. also for the NSA. The results obtained can be compared with ours. 

According to DMSP data, the plasmopause, GIP, WSA peak, and subpole were located at latitudes 

−62.5, −57.5, −56.2, and −42.5°, respectively. This is very close to what is observed in Fig. 5. The 

authors attributed the formation of a subplot to plasma stagnation and the influence of the South 

Atlantic magnetic anomaly. 6 of their article, the GIP and the subproject were represented as a 

single branch, i.e. they combined completely different structures into one whole. However, the 

high-latitude edge of the magnetic anomaly barely reaches −°35 GM GML at, so it is difficult to 

agree with its participation in the formation of subprovals. As for the stagnation of ionospheric 

plasma, it occurs at all latitudes and longitudes in the night ionosphere in the absence of solar 

ionization. 

 

6. CONCLUSION 

The contradictory results obtained on the ionization failure in the Southern summer hemisphere 

indicate a difficult situation to analyze. A detailed study of the structure of the summer night 
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(02−04 04 LT) ionosphere in the Southern Hemisphere fully confirmed this assumption. The 

complex behavior of the ionosphere under these conditions is determined by the Weddell Sea 

anomaly. Let's highlight the main provisions of the analysis. 

− The plasma peak associated with the formation of WSA−reaches 6 MHz in 02-04 LT for HSA 

and 10 MHz for ICA. 

−  At WSA longitudes, this peak completely fills the main ionospheric dip. Therefore, GIP is 

observed only outside the WSA, at longitudes 60−180° E at ICA and 0−210° E at NSA.  

−  In ICA, the well-developed plasma peak associated with WSA drops sharply to the pole at the 

plasmopause latitude. This latitude almost coincides with the equatorial boundary of auroral diffuse 

eruptions. In HSA, the plasma peak associated with WSA is less strongly developed, so it expands 

to the pole due to diffuse eruptions in zone I. As a result, the combined peak is limited by the 

latitude of the polar boundary of diffuse eruptions in zone I. In other words, the polar boundary of 

the combined peak is determined by the degree of development of WSA. The boundaries of auroral 

diffuse eruptions were determined using the auroral oval model [Vorobjev et al., 2013].        

−  At the equatorial boundary of the WSA plasma peak, a subplot is often formed at latitudes 

much more equatorial than the classical GIP, up to ~35° GML at. In ICA, this subplot is observed 

only at the Eastern Hemisphere longitudes of 0−60° E, and in NSA, it is also observed in the 

Western Hemisphere. The subplot, especially in the Western Hemisphere, is poorly defined, located 

much more equatorially than the ISU, and, nevertheless, in some works it is confused with the ISU. 

Therefore, it cannot be excluded from the analysis.  

−  There are apparently two reasons for the formation of subpoenas. The first and simplest one is 

that the subpole minimum is formed with a sharp increase in the electron concentration to the pole 

during the formation of WSA, and to the equator − in the presence of an equatorial anomaly crest or 

its remnants. The second reason is related to the transfer of electron concentration from the summer 

hemisphere to the winter one. This mechanism is well known.  
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FIGURE CAPTIONS  

 

 

Figure 1. Distribution of the fp plasma frequency according to the CHAMP satellite data in the 

Southern Summer hemisphere in January 2003 and January 2008. Local time 02−04 h. The dashed 

curve shows the position of the GIP minimum for 04 LT in winter conditions.  

2. Longitude variations according to CHAMP data for high solar activity in January 2003 of the 

positions of the VIP (empty circles), GIP (filled circles), the polar wall of the GIP (triangles), the 

subplot (squares), and the WSA peak (asterisks). Zones I and II of auroral diffuse eruptions are 

shaded according to the model [Vorobjev et al., 2013]. The vertical lines represent WSA for 

January 7. Local time 02−04 hours The thick curve shows the position of the GIP for 04 LT, but in 

winter conditions. 

Figure 3. Latitudinal sections of fp in different longitude sectors obtained from CHAMP data on 

January 7, 2003. Filled circles indicate the position of the GIP, empty circles indicate the position of 

the VIP, and squares indicate the position of the subplot. For convenience, the corresponding 

longitude sectors are indicated for the three Y-axes on the left. 

4. Typical latitudinal sections of fp for different conditions in the Southern and Northern 

hemispheres. For each case, the date, local time, longitude, and Кр-ZIP code are specified. Dashed 

curves refer to the Northern Hemisphere. The position of the GIP is marked with a filled circle, the 

VIP - with an empty circle, and the subpart-with a square.  

5. Longitude variations according to CHAMP data for low solar activity in January 2008 of the 

position of the VIP (empty circles), GIP (filled circles), the polar wall of the GIP (triangles), the 

subplot (squares), and the WSA peak (asterisks). The vertical lines represent the WSA for January 

10. Zones I and II of auroral diffuse eruptions are shaded according to the model [Vorobjev et al., 

2013]. Local time 03−04 hours The thick curve shows the position of the GIP for 04 LT, but in 

winter conditions. 

6. Typical latitudinal sections of fp for different conditions in the Southern and Northern 

hemispheres. For each case, the date, local time, longitude, and КрZIP code are specified. Dashed 

curves refer to the Northern Hemisphere. The position of the GIP is marked with a filled circle, the 

VIP - with an empty circle, and the subpart-with a square. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure 6. 
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