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Key points 

 

 The partial ring current is an important parameter and must be taken into account 

for an accurate description of ionospheric disturbed current (Diono) 

 Storm-time generated thermospheric winds do not have uniform planetary 

extension. 
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 Our study suggests the existence of ionospheric current cells, which is consistent 

with the theoretical model of Blanc & Richmond (1980). 

 

 

 

 

 

 

Abstract 

We present a study concerning space weather event of 25-29 August 2018, accounting for 

its ionospheric and magnetic signatures at low and mid-latitudes. The effects of storm in 

several longitudinal sectors (Asia, Africa, America, and Pacific) have been analyzed using 

various parameters such as total electron content, geomagnetic field and column [O/N2] 

ratio. Positive ionospheric storms are found in all the longitudinal sectors having its 

maximum effects in the Asian sector. Whereas, the negative ionospheric storms have been 

observed in the summer (northern) hemisphere. A large decrease in [O/N2] ratio in the 

northern hemisphere is a possible cause of the observed negative storm effects. Ionospheric 

F2 region maximum electron density (NmF2) and total electron content (TEC) have shown a 

positive correlation during this storm. The study suggests that storm time generated wind 

does not have a uniform planetary extension and mainly affects dayside (America and 

Pacific) and dusk side (Africa) sectors. During the space weather event, we observe an 

asymmetric variations of the magnetic field as a function of the longitude. On the other 

hand, the magnetic variations at mid-latitudes are found to be symmetric in both 

hemispheres. A signature of the disturbance dynamo (anti-Sq circulation) has been 

observed, mainly at low-latitudes. We emphasize that the partial ring current (PRC), 

estimated by the ASYM-H magnetic index, must also be taken into account along with the 

SYM-H index for a better approximation of ionospheric currents. The study further suggests 

existence of several electric current cells in the ionosphere, which is consistent with the 

Blanc-Richmond model. 
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1. Introduction 

Geomagnetic storms involve large energy inputs from the solar wind to the magnetosphere. 

The coupling zone between solar wind, magnetosphere, thermosphere, and ionosphere is 

called the auroral zone, which involves many physical processes, e.g. transmission of large 

magnetospheric convection electric field, auroral particle precipitation, field-aligned 

currents and large auroral electrojets. During a geomagnetic storm, the ionosphere of 

middle and low-latitude gets coupled with the auroral zone through different large-scale 

physical processes , e.g. the thermal expansion of the Atmosphere (Fuller-Rowell et al. 1994, 

1996)), the prompt penetration of the magnetospheric convection electric field (Vasyliunas, 

1970, 1972)) and the ionospheric disturbance dynamo (Blanc and Richmond 1980) 

Many authors have modeled the ionosphere response to the geomagnetic storms: Fuller-

Rowell et al. (1994) first presented the effects of thermal expansion of the thermosphere 

during a geomagnetic storm. This process strongly influences the chemistry and composition 

of the neutral atmosphere. The enhancement in ionospheric electron density during storm 

is termed as positive storm effect while decrement in electron density is called negative 

storm effect.  They found that ionospheric electron density variations during a geomagnetic 

storm, at a given point, strongly depend on the local time at the beginning of a storm. 

Fuller-Rowell et al. (1996) investigated the seasonal variations of ionosphere response and 

concluded that positive ionospheric storms are more likely to occur in the winter 

hemisphere, whereas negative storms have been predicted in the summer hemisphere. 

Vasyliunas (1970) was the first to model the electric field due to particle motions in the 

magnetosphere. This electric field is transmitted from the auroral zone to middle and low-

latitudes and the process is known as prompt penetration of the magnetospheric convection 

electric field (PPEF). Vasyliunas (1970) study made it possible to model the magnetic 

signatures as reported by Nishida et al. (1968), who observed the variations in H-component 

of Earth's magnetic field (DP2) arriving simultaneously across the globe.  The prompt 

penetration of magnetospheric convection electric field is characterized by 3 phases. During 

phase 1, there is no shielding effect and the electric field of magnetospheric convection 

extends to low latitudes. During the second phase, after 30 minutes: there is a shielding 

(Vasyliunas, 1972). The electric field of magnetospheric convection is no longer active at low 

latitudes because the developed space charge in the magnetosphere produces an opposite 
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electric field. Finally, followed by third phase of over shielding (Kobéa et al., 2000) effect of 

the electric field of magnetospheric convection affects again low latitudes and this is linked 

to the aligned currents of region 2 (Peymirat et al., 2000). 

Blanc & Richmond (1980) modeled the disturbance of ionospheric electric currents and 

associated magnetic disturbance, as caused by Joule energy dissipation in the auroral zone. 

This physical process is known as ionospheric disturbance dynamo electric field (DDEF). 

Blanc & Richmond (1980) predicted two cells of circulation in ionospheric electric currents, 

which move in a clockwise (anti-clockwise) direction in a cell closest to the equator (poles).  

Several experimental studies have been presented regarding the electrodynamic coupling 

between high and low-latitudes: 

Fejer et al. (1983) reported two signatures, namely PPEF and DDEF on electric field 

measurements made by the incoherent scatter sounder at Jicarmaca (12°S, 77°W). Later 

studies on magnetic signatures of ionospheric currents have revealed the existence of anti-

Sq variations at low-latitudes during the post-storm days, which is also a main prediction of 

the Blanc-Richmond model. Recently, Le Huy & Amory-Mazaudier (2005) analyzed the 

magnetic perturbations associated with the ionospheric disturbance dynamo (Ddyn) during 

the post-storm magnetic quiet days, when the disturbance polar type 2 (DP2) is null. Fathy 

et al. (2014) studied the Ddyn variations by various filter techniques. More recently, Nava et 

al. (2016), Migoya-Orue et al. (2016), Rodriguez-Zulaga et al. (2016), Zaourar et al. (2017) 

and Kashcheyev et al. (2018) explored various geomagnetic storms using different data sets, 

e.g. vertical total electron content (VTEC), column [O/N2] ratio, F2-layer maximum electron 

density (NmF2), F2 region maximum electron density height (hmF2) and magnetic data. By 

employing signal analysis, they reported existence of short-period oscillations (DP2) as well 

as diurnal and semi-diurnal fluctuations (Ddyn) in the geomagnetic field.  

Astafyeva (2009) investigated the effect of strong southward directed IMF Bz on the 

ionosphere electron density using total electron content (TEC) data from different satellite 

missions, and reported a dayside enhancement in the ionization as caused by a super 

fountain effect. Bagiya et al. (2014) studied the ionosphere response to the geomagnetic 

storm of July 2012 for which Bz turned southward for a long time. They observed positive 

(negative) storm effects during the main (recovery) phase and also pointed a hemispherical 

asymmetry in TEC variations. Astafyeva et al. (2017) studied the response of ionosphere-
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thermosphere during the magnetic storm of 21-23 June 2015 and concluded that the main 

driver of TEC variations is PPEF and DDEF during the main and recovery phases, respectively. 

Most of previous studies on Ddyn as done by Fathy et al.(2014), Nava et al.(2016), Zulaga et 

al. (2016), Zaourar et al. (2017) and Kashcheyev et al. (2018) were focused on low latitude or 

in a particular region.  

In the present article, we have focused on the ionosphere response to space weather event 

of 25-29 August 2018 by using VTEC maps, global and regional electron contents, [O/N2] 

ratio, NmF2 and magnetic field variations. In this regard, the ionospheric and magnetic 

signatures have been presented at low- and mid-latitudes. Through this work, we have 

emphasized the role PRC in determination of ionospheric currents, effect of thermospheric 

winds at different longitudinal sectors and extended the evaluation of Diono at mid latitudes. 

The rest of the article is organized as follows: Section 2 describes the different data sets and 

processing tools used in our study. The section 3 describes geomagnetic activity during 25-

29 August 2018. The resultant observations are presented in Section 4 and Section 5 is 

devoted to discussion on the ionospheric and magnetic signatures by comparing the results 

with theoretical models and finally we conclude the paper in Section 6.  

2. Data sets and data processing 

2.1 Data sets 

We have used the following data sets for our analysis: 

 Solar wind parameters, namely z-component of Interplanetary Magnetic Field (Bz) 

and solar wind speed Vsw are provided by ACE satellite, 

http://omniweb.gsfc.nasa.gov/.  

 The geomagnetic indices, used for storm characterization, are obtained from world 

data center (WDC), http://wdc.kugi.kyoto-u.ac.jp). The development and decay of 

ring current is estimated by high-resolution (1-minute) SYM-H index [Wanliss & 

Showalter, 2006]. The partial ring current (PRC), play a key role in the generation of 

the disturbance field [Fukushima & Kamide, 1973], and is measured by ASYM-H index 

[Weygand & McPherron, 2006] .  

 Polar cap (PC) indices are used to estimate the energy transmitted to the 

magnetosphere during the geomagnetic storm [Stauning et al., 2008].  

http://omniweb.gsfc.nasa.gov/
http://wdc.kugi.kyoto-u.ac.jp/


 

 
©2020 American Geophysical Union. All rights reserved. 

 Global ionosphere maps (GIMs), namely UPC Quarter an hour Rapid GIM (UQRG) are 

provided by Universitat Politecnica de Catalunya (UPC). These maps are used to 

compute the global and regional electron contents. The GIMs contain VTEC data in 

standard ionosphere map exchange (IONEX) format for the entire globe with a 

spatial resolution of 2.5° in latitude and 5° in longitude and  temporal resolution is 15 

minutes, thus each map contains 5,184 data points (called GIM cells).  

 The variations in the Earth’s magnetic field are recorded by the observatories of the 

INTERMAGNET network, http://intermagnet.org.  

 To understand the variations in neutral constituents, we have analyzed the data of 

thermospheric column [O/N2] ratio provided by Global Ultraviolet Imager (GUVI) 

spectrograph of the TIMED satellite, http://guvitimed.jhuapl.edu/. 

 The ionosondes data has been taken by GIRO DIDBase, http://umlcar.uml.edu/. 

Automatic and manually scaled data of foF2 has been used to compute the NmF2 

[Rishbeth, 1989]. 

Figure 1 shows the locations of GNSS receivers (red), magnetic observatories (green) and 

ionosondes (blue) at low and mid-latitudes in three longitudinal sectors. The geographic 

coordinates of the considered GNSS and ionosonde stations are presented in tables 1 

and 2, respectively. Table 3 depicts the geographic coordinates of the considered 

magnetic observatories. 

 

2.2 Data processing 

2.2.1 GPS data 

The slant total electron content (sTEC) for a single receiver is taken from the global 

positioning system (GPS) observations, ftp://cddis.nasa.gov/gnss/data. In this regard, the 

raw GPS measurements are calibrated by a debiasing technique [Ciraolo et al., 2006], where 

the least square estimation is applied to evaluate VTEC from corresponding sTEC values.  

2.2.2 GEC and REC 

To understand the global and regional variations in electron density, as affected by a 

geomagnetic activity, the global electron content (GEC) and regional electron content (REC) 

have been evaluated. Here, GEC is the number of electrons in a sphere of radius RE + 450 km 

and is measured in the unit of GECU where 1GECU = 1026 electrons. The GEC is calculated by 

http://intermagnet.org/
http://umlcar.uml.edu/
ftp://cddis.nasa.gov/gnss/data
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multiplying VTEC value of each GIM cell 𝑇𝑝,𝑞 with the corresponding area 𝐴𝑝,𝑞 and summing 

over the entire globe [Afraimovich et al., 2006], i.e. 

                                          

𝐺𝐸𝐶 =∑𝑇𝑝,𝑞𝐴𝑝,𝑞(1)

𝑝,𝑞

 

Here p and q denote, respectively the latitude and longitude of a GIM cell. For evaluation of 

the regional variations, GEC has been subdivided into four longitudinal regions, namely Asia 

(600:1500 E), Africa (-300:60o E), America (-120o:-30o E) and Pacific (-180o:-120o E, 150o:180o 

E). The electron content in each sector represents the corresponding REC index and is 

calculated in the same manner as GEC in Eq. (1).  

2.2.3 Magnetometer data processing 

The horizontal component of geomagnetic field, during the storm, can be written as a 

superposition [Le Huy & Amory-Mazaudier, 2005; Nava et al., 2016; Kashcheyev et al., 2018] 

 

                                                𝐻 = 𝐻𝑜 + 𝑆𝑅
𝐻 + 𝐷𝑚𝑎𝑔 + 𝐷𝑖𝑜𝑛𝑜                                 (2) 

 

Here 𝐻𝑜 indicates the magnetic field generated by the Earth’s core. 𝑆𝑅
𝐻 presents regular 

diurnal fluctuations in magnetic field and is computed by taking the average of the 

variations over five quiet days 𝑆𝑞 [Chapman & Bartels, 1940]. In Eq. (2), Dmag and Diono are 

the magnetic disturbances associated with magnetospheric and ionospheric currents, 

respectively [Cole, 1966; Fukushima and Kamide, 1973]. The former is produced mainly by 

the ring current, which is composed of symmetric part (Sugiura & Kamei, 1991; Wanliss & 

Showalter, 2006) and an asymmetric part, i.e. the PRC (Cummings, 1966). Two magnetic 

indices, namely SYMH and ASYMH provide, respectively an estimate of symmetric and anti-

symmetric part of the ring current. The 𝐷𝑖𝑜𝑛𝑜 can be computed as   

 

           𝐷𝑖𝑜𝑛𝑜 = 𝐻 − 𝐻𝑜 − 𝑆𝑌𝑀𝐻. 𝑐𝑜𝑠(𝜙) − 𝑆𝑞 ,                   (3) 

 

where 𝜙 refers to the geomagnetic dip latitude. At low-latitudes, the ionospheric currents 

flow in the E region on the dayside, thus Eq. (3) which uses symmetric part of the ring 

current (SYMH index) is applicable only on the dayside, where there are sufficient 
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conductivities in the dynamo region (90-150km). This simple expression for 𝐷𝑖𝑜𝑛𝑜 in Eq. (3) 

is valid at mid- and low-latitudes, because in the auroral zone there exist additional 

magnetic disturbances associated with other ionospheric currents (Stauning 2012; Zaourar 

et al., 2017), however, that subject is outside the scope of this study. At the equator the 

disturbed ionospheric currents have two major components, i.e. DP2 and Ddyn (Amory-

Mazaudier et al., 2018, Le Huy & Amory-Mazaudier, 2005, Nishida, 1968), which are related 

to  two large-scale mechanisms, PPEF and DDEF [Vasyliunas, 1970; Blanc & Richmond, 

1980). Hence, we can write the corresponding relation in the form 

 

                                                   𝐷𝑖𝑜𝑛𝑜 = 𝐷𝑃2 + 𝐷𝑑𝑦𝑛                       (4) 

 

To find the period of magnetic oscillations as generated by ionospheric disturbance, we may 

apply low/high pass filters to 𝐷′𝑖𝑜𝑛𝑜 which is given by 

 

𝐷′𝑖𝑜𝑛𝑜 = 𝐷𝑖𝑜𝑛𝑜 − 𝐴𝑆𝑌𝑀𝐻. 𝑐𝑜𝑠(𝜙)                 (5) 

It is known that PRC causes the disturbance fields on the nightside and early morning 

[Takahashi et al., 1991]. Hence, for an accurate evaluation of ionospheric disturbance, the 

effects of such currents are subtracted as depicted in Eq. (5).  

 

3. Geomagnetic activity during 25-29 August 2018 

On 20 August 2018, a coronal mass ejection (CME) has blown off towards the Earth and 

struck its magnetosphere on the 25th of the same month. This slowly moving CME was 

expected to cause a minor geomagnetic activity as predicted by National Oceanic and 

Atmospheric Administration (NOAA) scientists. However, it took a long time to shift IMF’s z-

component southwards from August 25 15:55 UT to 26 August 09:45 UT, thus it allowed a 

large number of energetic particles to enter the Earth’s atmosphere and resulted in a severe 

(G4) geomagnetic storm. Figure 2 shows various global parameters for the period 23 August 

to 01 September 2018: the first panel illustrates the z-component of IMF in nanotesla (nT) 

and the second panel depicts the solar wind speed in km/s, in third and fourth panels we 

show, respectively the SYM-H index in nT and the PC indices in mV/m. The fifth panel 

represents the GEC in GECU. Additionally, we have drawn vertical lines to depict the start of 
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the compression phase (CP) on 25 August at 07:30 UT, main phase (MP) on 25 August at 

17:06, recovery phase (RP) on 26 August at 07:11 UT and high-speed solar wind streams 

(HSSWs) on 26 August at 17:32 UT and on 27 August at 16:00 UT, respectively. It reveal that 

the CP of the storm has lasted for almost 10 hours, the Bz turned southward at the start of 

MP and remained there till 09:42 UT of the next day, thus allowing large particle flux to 

penetrate the Earth’s magnetosphere. Consequently, the SYM-H index began to decrease 

indicating the start of MP. It reaches a minimum value of -207 nT at 07:11 UT on 26 August, 

generating G4 geomagnetic conditions. Afterward, the z-component of IMF begin to 

fluctuate. During the RP, solar wind speed has increased and reached a maximum value of 

600 km/s during the late hours of August 27. The PC indices show a large increase during the 

period of southward directed Bz.  

4. Results 

4.1 The global context and GEC 

The GEC exhibit a strong peak followed by two small peaks, while solar radio flux remains 

approximately constant during this period, and thus the variations in GEC cannot be related 

to it. However, large energy inputs from the solar wind to magnetosphere, as indicated by 

PC index (Troshichev et al., 2014), are possible sources of the enhancement in GEC. In order 

to investigate the regional contribution to the observed peaks in GEC, we have plotted ΔREC 

for Asian, African, American and Pacific regions, as shown in Figure 3. Each curve shows the 

difference between REC of a region and its daily quite value, which is calculated by using 

three quite days before the storm with AP index < 22 nT. The central and bottom plots in 

Figure 3 show, respectively the ΔGEC and SYM-H index for a period 23 August-01 

September. The ΔREC indicates that the Pacific sector responded first as depicted by the 

increased value of REC, followed respectively by America, Asia and Africa. In this regard, the 

largest enhancement has been observed in Asian sector. A decrease in REC begun on 26 

August 00:00 UT in the American region, followed by Pacific, Asia and African sectors, where 

the largest decrease in REC is noted for the American sector. The second peak is initially 

found in Asian followed by African and American sectors, while Pacific sector has no 

significant contribution to this peak. The largest increase during the second peak is found to 

be in American sector. The GEC plot in Figure 3 highlights fluctuations during MP of the 

storm, which is mainly contributed by the Pacific sector as indicated in corresponding REC 
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plots. Figure 4 represents 𝛥𝑉𝑇𝐸𝐶, extracted from GIMs, as a function of latitude and time at 

fixed longitudes corresponding to four sectors: (from top to bottom) Asia (110o E), Africa(-

10oE), America(-700E) and Pacific(-150oE). All the four sectors have depicted positive storm 

effects on the day of storm with respect to average of three magnetic  quiet days prior to 

storm. However, we note the following substantial differences: 

 Asian sector shows large enhancement in VTEC on the storm day (August 26).  

 African sector indicates a small positive ionospheric storm in the northern 

hemisphere during the MP and a large positive storm in the southern hemisphere in 

RP. Whereas, negative storm effects are observed in the northern hemisphere 

during RP.  

 American sector exhibits positive (negative) storm effects in the northern 

hemisphere during the main (recovery) phase. We also observe an enhancement of 

TEC in the southern hemisphere during RP that lasted for two days after the storm.  

 The Pacific sector shows a strong increase in VTEC in the MP and, in the northern 

hemisphere, negative storm effect during RP. 

Figure 5a presents [O/N2] ratio as obtained from Global Ultraviolet Imager (GUVI) the 

spectrograph of the TIMED satellite. The maps are presented for four days: 25 August 

(before the storm), 26 August (the day of the storm) and the next two days. The polar 

regions of both hemispheres have shown a decrease in [O/N2] on the storm day (26 

August). However, there is an asymmetric increase in the density ratio [O/N2] at low- and 

mid-latitudes on the day of the storm. The northern mid-latitude regions of American and 

Pacific sectors show enhancement in [O/N2] ratio, whereas southern mid-latitudes of the 

Asian sector show an increase on the same day. In Figure 5b, we have compared the 

response of both hemispheres regarding the variations in the [O/N2] ratio by presenting the 

time evolution of [O/N2] ratio with levels>0.5. In this regard, the northern hemisphere (solid 

red line) shows a relatively large decrease as compared to the southern hemisphere (blue 

dotted line) during late hours of 26 August. The maximum decrease in O/N2 ratio is 

observed about 30 hours after MP and 16 hours after RP. On 26 august between 17-23 UT, 

O/N2 ratio drops about 20 percent of its quite time values in northern hemisphere.  

4.2 Low and middle latitudes VTEC and NmF2 variations 

Figure 6 presents the VTEC variations as recorded by GPS stations. Each panel shows VTEC 
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(in red) with an average daily value (in blue) superimposed. The averaged value is computed 

by taking the mean over three geomagnetic quiet days prior to the storm day having Kp <3– 

(Nava et al, 2016: Kashcheyev et al, 2018). The first to third panels correspond to stations in 

the Asian sector, namely HKSL, JOG2, and YAR2. The northern mid-latitude (HKSL) and low-

latitude (JOG2) stations show enhancement in VTEC on the storm day that has lasted for the 

next two days, whereas the southern mid-latitude station (YAR2) has not recorded any VTEC 

variation. Next three panels in Figure 6 correspond to the African sector, the northern mid-

latitude station (NOT1) shows no enhancement during the storm period while southern mid-

latitude station (WIND) exhibits an increase in VTEC value on the storm day. The low-

latitude station (NKLG) depicts enhancement in VTEC lasting until the end of August. 

Seventh to ninth panels in the same figure present American sector comprising of BRMU, 

MGUE and RIOP stations. The BRMU (northern mid-latitude) shows a small increase on the 

storm day followed by negative storm effects. The MGUE (southern mid-latitude) exhibits 

doubly humped increase in VTEC not only on storm day but also on the next day, however at 

low-latitude station (RIOP) there is no change in VTEC. Further detail about percentage 

increase/decrease in vTEC at individual GPS stations is provided in table 4.  

In Figure 7a we present variations in NmF2 from 23 August to 02 September 2018 for three 

ionosondes of the Asian region. All the ionosondes have shown an increase in NmF2 on 26 

August. The northern mid-latitude (JJ433), equatorial (GUS13) and southern mid-latitude 

station (BR52P) show an increase in NmF2 by 57%, 75% and 36%, respectively. Figure 7b 

depicts the NmF2 parameter for three ionosondes of the African region. Northern mid-

latitude station (AT138) has shown 73% decrease in NmF2 on 26 August while in the 

equatorial station (ASOOQ) there is an enhancement in NmF2 that lasted till 29 August. We 

observe an enhancement of 120%, 100%, 220% and 210%, respectively, on 26, 27, 28 and 29 

of August 2018. The southern mid-latitude station shows no significant variation during this 

period. Figure 7c presents NmF2 measurements recorded by three ionosondes located in 

the American region. Northern mid-latitude station (PRJ18) shows a large decrease (54%) in 

NmF2 on 26 August while in the equatorial station (SAAOK) there is no significant variation 

during the considered period. Southern mid-latitude station (PSJ5J) shows an enhancement 

in NmF2 by 93% and 120% on 26 and 27 August, respectively. 

4.3 Earth’s magnetic field variations at low and mid-latitudes 
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The first to third panels in Figure 8a present the variations in H-component of the Earth’s 

magnetic field (black), its quiet daily variation 𝑆𝑞 (blue) and magnetic disturbances due to 

ionospheric electric current 𝐷𝑖𝑜𝑛𝑜 (red), as recorded by low-latitude observatories GUA, 

TAM, and KOU. The fourth and fifth panels show the ASYM-H and SYM-H indices and vertical 

lines correspond, respectively to CP, MP, RP, and the arrival of the HSSWs. All the 

considered stations highlight degradation in the H-component of the geomagnetic field, 

which is the characteristic of a typical magnetic storm. Various features as observed at the 

three stations are summarized as follows: 

 The largest disturbance of the H-component is observed at GUA on 26 August at 

07:33 UT having a value -233 nT. At TAM station the amplitude of the disturbance is 

found to be -151.5 nT on 26 August at 16:24 and at KOU the corresponding value is -

123.3 nT on 26 August 04:24 UT. We also note that at the beginning of storm GUA is 

on the dayside, whereas TAM and KOU are on the nightside. 

 The anti-Sq signature of Diono during the RP can be well-identified at TAM and KOU 

stations. A storm wind produced by auroral Joule heating does not exhibit a uniform 

planetary extension and mainly affects the African and American sectors. 

 The Diono becomes positive having large values during the MP at the nightside 

stations, namely KOU and TAM. These positive values are the signature of ASYM-H. 

 The multiple peaks, not observed in typical H plots, are observed at KOU and TAM 

stations during the RP. 

In Figure 8b, first to third panels are the same as in Figure 10 for northern mid-latitude 

stations. In the top panel, the BMT (Asian sector) exhibits the largest decrease in H-

component of the geomagnetic field having a magnitude -195.1 nT on 26 August 07:44 UT 

as compared to -148.2 nT 07:07 UT at CLF and -150 nT at SBL. The CLF and SBL stations 

exhibit large positive values of Diono which can be associated with the ASYM-H index. Figure 

8c presents the analysis for southern mid-latitudes stations, namely GNG (Asia), HER (Africa) 

and PIL (America). The GNG shows the largest decrease in H during the MP of the storm, 

while HER and PIL depict large positive values of Diono in the MP. 

Using spectral analysis on D’iono, we have separated different magnetic oscillations 

corresponding to various physical processes. Figure 9a shows, from top to bottom, the Bz 
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component of IMF, magnetic disturbance (period<4hours) at Asian, African and American 

low-latitude stations. The magnetic oscillations are observed simultaneously at all stations – 

having different strengths – during the period of southward directed Bz. These oscillations 

may be related to DP2 perturbations due to PPEF. 

The difference in the strength of oscillations in Asian and American sectors can be used to 

analyze the effect PPEF on dayside and nightside sectors. By using an infinite impulse 

response (iir) band-pass filter with stop-band attenuation 60 dB and transition band 

steepness 0.85, we have separated the diurnal perturbations having period between 18-30 

hours corresponding to Ddyn [Nava et al 2016, Bulusu et al 2018] as shown in Figure 9b for 

low-latitude stations. These oscillations are associated with Ddyn. One common feature at all 

stations is the increase in the strength of diurnal oscillations during the main phase and 

decay during the several days after the storm. Diurnal oscillations start first at America, 

followed by Asia and Africa. The largest amplitude of such oscillations is also found in the 

Asian sector. 

5. Discussion 

5.1 Ionospheric signatures 

This section is devoted to the interpretations of the observed ionospheric results based on 

various models. A slow-moving CME hits the Earth’s magnetosphere on 25 August around 

07:30 UT, followed by the long compression phase of small amplitude ~30 nT lasting for ~10 

hours, and the main phase of the storm has started at 17:06 UT. The GEC exhibits two 

strong peaks, first at 06:30 UT on 26 August having the amplitude of 0.265 GECU and second 

at 16:00 UT on 27 August with amplitude 0.084 GECU. The PC indices show two large 

periods of energy input from the solar wind to magnetosphere: first period (E1) starts on 25 

August at 16:47 lasting for 35 hours and resulting in a major peak in GEC, the second period 

(E2) starts at 03:34 on 27 August and lasting until mid-night of the same day causing a minor 

peak in GEC. The REC plot shows that local dayside sectors (Pacific and American) responded 

earlier to the first peak of GEC. In this regard the Asian (American) sector exhibits the largest 

positive (negative) storm effect. At the start of the MP on August 25 at 17:06 UT, the 

American and Pacific sectors were on the dayside having local time LT=17:06 - 5 = 12:06 and 

LT=17:06 – 7 = 10:06, respectively. For African region corresponding time was LT ~ UT = 
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17:06, i.e. an evening sector, whereas the Asian sector was on the nightside with LT=17:06 + 

07 = 24:06. 

For the second peak (23:00 UT) in GEC, the Asian sector responded first followed by African 

and American regions, respectively. At this time, the Asian sector was on the morning side 

while America and Africa were, orderly on the evening and night sides. The observed results 

are in agreement with Fuller-Rowell et al., (1994) model, which predicts the largest 

response in nightside sectors. Figure 5 shows a hemispherical asymmetry at all the four 

sectors, whereas negative storm effects are observed in the northern hemisphere. In Figure 

6 we note that the largest increase in VTEC at GPS stations located in the Asian sector (1st to 

3rd panels). Moreover, a negative storm is observed in the northern mid-latitude stations of 

African and American sectors, which correspond well to the results of Figures 3 and 4. The 

NmF2 measurements – observed by ionosondes – in three longitudinal sectors (Fig. 6a, b, c) 

show that largest positive increase is observed in Asian. While Northern mid-latitude 

stations of Africa (Fig. 6b) and America (Fig. 6c) have shown a decrease in NmF2 during the 

MP. Thus, both NmF2 and TEC have a positive correlation for the considered geomagnetic 

storm in agreement with the finding of Joshua et al. (2018). Previous studies shows that 

positive storm effect is caused by various mechanisms [Zhang et al.,2004: Goncharenko et 

al., 2007: Huang,2005:de Abreu et al.,2010: Yuan et al.,2015]. However, it has been proved 

that negative storm effect is primarily caused by O/N2 ratio decrease [Prölss & Werner, 

2002: Korenkov et al.,2012].  The fact that negative ionospheric storm, as observed by TEC 

and NmF2 data, is found in the summer hemisphere only, which can be explained by the 

theoretical model of Fuller-Rowell (1996) that predicts negative storm in summer 

hemisphere (northern hemisphere in the present case). Indeed, outside periods of 

geomagnetic storms the thermospheric winds flow from summer to winter hemisphere. 

During periods of geomagnetic activity the storm wind – due to Joule heating in the auroral 

zone – flows from the pole towards the equator, this storm wind disturbs the regular 

circulation. The storm causes changes in neutrals composition: increase in atomic oxygen 

and decrease in molecular nitrogen in winter hemisphere which decreases recombination 

rate and increases electron density, thus creating a positive ionospheric storm effects in the 

winter hemisphere. In the summer hemisphere, there is a decrease in atomic oxygen and 

increase in molecular nitrogen that enhances the recombination rate and resulting in 
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negative ionospheric storms [Prölss, 1980: Prölss, 1995: Förster et al., 1999: Forbes, 2007]. It 

is further confirmed by Figure 5b, which shows that there is a large decrease in [O/N2] ratio 

in the northern hemisphere during late hours of 26 August, at the same time when we see a 

decrease in TEC and NmF2 in the northern hemisphere. Hence, this negative storm effect 

can be associated with neutral composition changes as caused by thermospheric winds 

generated due to Joule heating at polar regions [Rishbeth, 1998]. However, these 

composition changes as caused by thermospheric winds, do not have same effect at all 

longitudes, e.g. no negative storm effect is found at Asian sector in TEC as well as in NmF2. 

The intensity and duration of observed negative storm effect as indicated by Figure 5 is 

maximum in dayside sectors (America and pacific in the present case). The depletion in TEC 

(caused by O/N2 ratio) first appears in African sector followed by American and Pacific 

sector. This indicates that oxygen depletd and nitrogen rich winds generated due to joule 

heating at upper atmosphere corotates with earth [Fuller-Rowell et al., 1996: Zhang et al., 

2002]. 

In addition, to the thermal expansion of the atmosphere, two other large scale physical 

processes (PPEF and DDEF) affect the dynamics of the ionosphere during magnetic storms 

and can alter the ionization distribution. The magnetic signature of PPEF mechanism was 

brought to light by Nishida (1968) and the first theory was formulated by Vasyliunas (1970). 

During the PPEF a magnetospheric convection electric field affects all latitudes almost 

instantaneously, which has been observed not only in the ionospheric data but also in 

magnetic variations [Nishida, 1968]. One may see the influence of PPEF on VTEC, when we 

observe simultaneous peaks of VTEC at various latitudes in the different longitudes sectors 

(see Figure of Nava et al., 2016). However, in our case study there is no such observation at 

all the considered latitudes. The second mechanism, i.e. DDEF was theorized by Blanc & 

Richmond (1980). A dissipation of Joule energy in the auroral zone, during magnetic storms, 

produces a disturbed circulation of thermospheric winds between the auroral zone and the 

equator. These storm winds generate disturbed currents and electric fields that affect the 

ionization of the ionosphere. Fejer [1983] highlighted the electric field disturbance due to 

DDEF and Sastri [1988] showed that this mechanism produces degradation in ionization on 

the second day of a storm. However it is difficult, when analyzing the VTEC that integrates 
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the ionization all the way between the satellite and the GPS receiver, to separate the effects 

of different mechanisms contributing to the ionization.  

5.2 Magnetic signatures 

The observations of Earth’s magnetic field at the mid- and low-latitudes make it possible to 

recognize the different systems of large-scale ionospheric electric currents during a 

geomagnetic storm. The magnetic disturbances related to such currents are DP2 and Ddyn 

associated, respectively with the PPEF and DDEF. The former disturbance, namely DP2 has 

been known since 1968 (Nishida et al., 1968), whereas Ddyn was introduced by Le Huy and 

Amory-Mazaudier in 2005 for simple cases of post-storm magnetic quiet days, during which 

the auroral electric currents are zero. The DP2 has short-term fluctuations of less than 2 to 3 

hours while the Ddyn perturbation has longer diurnal and semi-diurnal variations. During 

the geomagnetic storms, large energy inputs and moment transfer at high-latitude perturb 

the normal circulation of thermospheric winds. This results in the westward electric field on 

the day-side and eastward on the night-side [Blanc and Richmond, 1980; Fuller-Rowell et 

al.2002]. As these electric fields are opposite to their normal (quite day) orientation, we 

observe an anti-sq signature at low and mid latitudes in the magnetic data during the 

recovery phase of storms [Le Huy and Amory-Mazaudier 2005; Zaka et al. 2009; Yamazaki 

and Kosch 2015]. In this section, we investigate the strength of anti-sq signatures at low-mid 

latitude and role of PRC on the ionospheric disturbance currents.  

A large positive value of Diono at low-latitude stations (nightside), i.e. TAM and KOU can be 

associated with PRC as indicated by the ASYM-H index in Figure 8a. The anti-sq signatures of 

Diono are well-identified at local dayside stations TAM and KOU, as proposed by Blanc & 

Richmond (1980). During MP and RP, northern mid-latitude stations show longitudinal 

asymmetry in the H-component and Diono (Figure 8b). However, there is no clear anti-sq 

signature identified during the days after the storm. The southern mid-latitude stations, 

namely HER and PIL which are at local morning dayside, also exhibit a large positive value of 

Diono and is associated with PRC (ASYM-H index). The three stations in the Asian sector 

GUAM (Fig. 8a), BMT (Fig. 8b) and GNG (Fig. 8c) do not show a positive variation of Diono 

because they are located on the dayside (when ASYM-H is minimum) and therefore are not 

affected by the PRC. Most of the earlier studies on Diono, e.g. Nava et al. (2016), Kashcheyev 

et al.  (2018) and Bulusu et al. (2018) did not take into account the effect of PRC in 

determination of Diono. A large positive value of Diono during the main phase of a storm is the 

effect associated with PRC and this can influence the evaluation – through various filters 

techniques – of magnetic signatures of PPEF and DDEF. To account for only ionospheric 

https://link.springer.com/article/10.1007/s11214-016-0282-z#ref-CR119
https://link.springer.com/article/10.1007/s11214-016-0282-z#ref-CR188
https://link.springer.com/article/10.1007/s11214-016-0282-z#ref-CR492
https://link.springer.com/article/10.1007/s11214-016-0282-z#ref-CR474
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currents, we have defined D’iono and applied filters on it to estimate magnetic effect of PPEF 

and DDEF. As above mentioned references considered different magnetic storms, so a direct 

comparison cannot be made, but a possible error in the estimation of PPEF and DDEF is 

expected if Diono is not modified to D’iono. The anti-Sq circulation, predicted by the Blanc- 

Richmond model, is observed (Figure 8a) during several days of the RP mainly at TAM and 

KOU stations which are located closer to the equator. These two stations are on the 

nightside during the main phase (17:06 UT 25th August to 07:11 UT 26th August) of the 

considered storm. The fact that mid-latitude stations do not show the dayside anti-Sq trend 

in Diono variations (Figures 8b and 8c) may imply that they can be located on a focus of one 

of the electric current cells, which are predicted by the Blanc-Richmond model (1980). These 

cells are represented in Figure 8 of the article by Mazaudier & Venkateswaran (1990). This 

study suggests that further work should be done to generate anti-Sq current vectors by 

taking data of large a number of magnetic observatories during magnetic storms.  

To investigate the DP2 perturbations we have employed a high pass filter to separate the 

magnetic disturbances having period  04 hours (Figure 9a). Such perturbations penetrate 

simultaneously at all longitudinal sectors and follow the same trend as Bz oscillations 

[Kikuchi et al., 1996]. However, the short period observed oscillations which are not 

simultaneous may be associated with local noise at the respective station [Khomutov et al, 

2017]. The process of penetration of the magnetospheric convection electric field varies 

with longitude, in this regard Fejer et al., 2008 established a model of PPEF based on 

ROCSAT satellite measurements. Kashcheyev et al. 2018, have showed the difference in PPEF 

response as a function of longitude at the beginning of a magnetic storm. Different authors 

have studied the latitudinal profiles of PPEF in a given longitude sector (Mazaudier et al., 

1984, Kikuchi et al., 2000; Kobea et al., 2000;  Mene et al., 2011). The diurnal oscillations – 

having period between 16-28 hours – which can be associated with Ddyn are extracted 

using a bandpass filter. The temporal difference in the observed Ddyn at different 

longitudinal sectors, as seen in Figure 9b, might be due to the local time differences. 

Further, the Ddyn oscillations have different observation span at various longitudinal 

sectors, which is consistent with the findings of Fathy et al. (2014) and Nava et al. (2016).  

6. Conclusion 

To conclude, we have studied the space weather event of 25-29 August 2018 by using 

various data sets. The main ionospheric and magnetic features are summarized as follows: 
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1. Positive storm effects are observed, first in the Pacific region followed, respectively 

by American, Asian, and African regions. This trend can be explained by the fact that 

the sectors on the local dayside (at the beginning of the considered storm) 

responded earlier. 

2. The largest positive increase is observed in the Asian sector, which was at the local 

nightside. This finding is consistent with the simulations of Fuller-Rowell (1994). 

3. Negative storm effects in VTEC are found only in the northern hemisphere and is 

consistent with the theoretical model of Fuller-Rowell (1996), which predicts that 

negative storm effects are dominant in the summer hemisphere (northern 

hemisphere in our case).  

4. Thermospheric winds, generated due to Joule heating at polar regions, causes 

composition changes and is the primary cause of the observed negative storm effect. 

5. The REC, TEC and NmF2 measurements show negative storm effects only in 

American (Noon side) and African (Evening side) sectors.  

6. Storm time generated wind do not have the same planetary extension, 

(consequently the Asian sector has not shown negative storm effects) as observed in 

TEC and NmF2 data. 

7. The analysis of magnetic data at low and mid-latitudes show a longitudinal 

asymmetry in the variations of magnetic field. However, investigations of mid-

latitude stations depict that the response of both hemispheres is almost symmetric. 

8. The anti-sq signature, which is a key indicator of Ddyn, generated by ionosphere 

disturbance dynamo currents, is well identified at the low-latitude stations which 

were at the nightside during the main phase. 

9. Mid-latitude stations of both hemispheres have not shown any well-identified 

signature of anti-Sq circulation during the recovery phase, it can be due to the fact 

that these stations are located on the focus of an electric current cell as suggested by 

Blanc and Richmond (1980). 

10. It has been found that the response of both hemispheres is symmetric with respect 

to magnetic variations. 

11. By using filter techniques, we have separated DP2 oscillations which occur 

simultaneously at all longitudes and follows the same trend as the Bz oscillations. 
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Regarding the ionospheric response to the geomagnetic storm we have observed the well-

explained, mainly by the Fuller- Rowell et al., (1994, 1996), signatures regarding the 

importance of local time and season at a given location. 

Concerning the magnetic signature the study suggests that, for a better description of the 

ionospheric signature, the partial ring current as estimated by the ASYM-H magnetic index 

must also be taken into account along with the SYM-H index. Indeed, the magnetic 

variations at the nightside stations show the influence of PRC. Moreover, the investigation 

of disturbance dynamo at mid-latitudes suggests the existence of several electric current 

cells as modeled by Blanc and Richmond's (1980). It is therefore important to develop 

statistical studies of magnetic disturbance as generated by the ionospheric dynamo on a 

planetary scale. 
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Figure 1:   Location of the GNSS receivers (black) and magnetometer observatories (blue) 

used in the analysis. 
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Figure 2: Global parameters, from 23 August to 01 September: (from top to bottom) the Bz 

component of IMF in nanotesla, the solar wind speed in km/s, the SYM-H index in nanotesla, 

Polar cap indices in mV/m and GEC in GECU. 
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Figure 3: ΔREC in the four longitudinal sectors Asia, Africa, America, and Pacific (top panel), 

ΔGEC (middle panel) and SYM-H index (bottom panel) from 23 August to 01 September 

2018.  
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Figure 4:  ΔVTEC, in four longitudinal sectors (from top to bottom) Asia, Africa, America and 

Pacific from 23 August to 01 September 2018. 
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Figure 5: a) Thermospheric [O/N2] ratio from GUVI for a period 25-28 August 2018, b) 

Percentage decrease in [O/N2] ratio levels > 0.5 in both hemispheres for the period 23 

August to 02 September 2018.  
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Figure 6: VTEC from 23 August to 01 September in Asian, African and American sectors. Each 

panel shows the observed VTEC (red) superimposed by the daily  averaged  value (blue).  
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Figure 7: a) NmF2 variations in Asian sectors, from 23 August to 02 September 2018. From 

top to bottom, the panels correspond to JJ433 (north), GUS13 (equat) and BR52P (south) 

stations b) Same as Figure 7a for three ionosondes in the African sector: AT138, ASOOQ and 

LV12P, c) Same as Figure 7a for three ionosondes, namely, PRJ18, SAAOK and PSJ5J in the 

American sector,. 
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Figure 8: a) Low-latitudes magnetometer H variations in specific longitudinal sectors, from 

23 August to 01 September, 2018. From top to bottom, the panels correspond to GUA 

(Asian sector), TAM (African sector), KOU (American sector), ASYM/H index and SYM/H 

index. On each panel, the observed H-component (black) is superimposed by the regular Sq 

variations (blue) and the disturbed ionospheric electric currents Diono (red), b) Same as 

Figure 8a for three mid-latitudes magnetic stations in the northern hemisphere: BMT, CLF 

and SBL, c) Same as Figure 8a for three mid-latitudes magnetic stations in the southern 

hemisphere, namely GNG, HER and PIL. 
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Figure 9: a) from top to bottom:  Bz component of IMF and Magnetic disturbance due to 

PPEF (DP2), in the Asian, African and American sectors from 25 to 29 August 2018  b) 

Magnetic disturbance Ddyn at low latitudes stations in the different longitude sectors from 

23 August to 02 September 2018. 
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Table 1: The geographic latitudes, longitudes and the magnetic dip of the considered GPS 

stations.  

 

Station  Sector  Latitude Longitude Magnetic dip 

HKSL Asia 22.37 113.92 32.51 

JOG2 Asia -7.77 110.37 -32.82 

YAR2 Asia -29.04 115.34 -63.03 

NOT1 Africa 36.87 14.98 51.77 

NKLG Africa 0.35 9.67 -26.03 

WIND Africa -22.57 17.08 -60.86 

BRMU America 32.37 -64.69 57.46 

RIOP America -1.65 -78.65 18.66 

MGUE America -35.77 -69.39 -37.40 
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Table 2: The geographic coordinates of the considered ionosondes. 

 

Station  ID Sector Latitude Longitude Magnetic dip 

JJ433 Asia 33.43 126.30 49.30 

GUS13 Asia 13.62 144.86 12.48 

BR52P Asia -27.06 153.06 -57.07 

AT138 Africa 38.0 23.50 54.60 

ASOOQ Africa -7.95 -14.40 -43.49 

LV12P Africa -28.50 21.20 -65.46 

PRJ18 America 18.50 -67.10 43.57 

SAAOK America -2.60 -44.20 -9.95 

PSJ5J America 51.60 -57.90 -49.97 
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Table 3: The geographic coordinates of the considered magnetometers.  

 

Station  ID Sector  Latitude Longitude Magnetic dip 

GUA   Asia  13.59 144.87 12.35 

BMT Asia 40.30 116.20 59.73 

GNG Asia -31.32 115.71 -65.38 

TAM  Africa  22.79 5.53 27.24 

CLF Africa 48.02 2.27 63.53 

HER Africa -34.43 19.23 -65.23 

KOU  America  5.21 -52.93 16.32 

SBL America 43.94 -60.11 65.10 

PIL America -31.40 -63.88 -34.35 
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Table 4: Percentage increase/Decrease in vTEC  from average daily values at GPS stations. 

 

Station Sector 26 August 27 August 28 August 

HKSL Asia  +62% +37% +32% 

JOG2 Asia +57% +31% +17% 

YAR2 Asia NA NA NA 

NOT1 Africa -27% -37% NA 

NKLG Africa +56% +49% +34% 

WIND Africa +89% NA NA 

BRMU America +59% -48%  

RIOP America NA NA NA 

MGUE America +96% +123% +31% 

                                                                                                                                         


