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ABSTRACT

Extreme solar events, such as flares accompanied by coronal mass ejections (CMEs), perturb the Earth’s magnetic

field and generate fluctuating currents in the ionosphere and magnetosphere. In this study, we describe the helio-

geophysical conditions during the magnetically disturbed period of 21–26 June 2015 on the basis of satellite and

ground-based observations. Variations in the solar wind, interplanetary magnetic and electric fields, the planetary Kp

index, and geomagnetic field components measured at a mid-latitude observatory are analysed. The storm of 22–24

June 2015 represents one of the strongest geomagnetic disturbances of Solar Cycle 24 and provides an important

example of a geoeffective CME.
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1 INTRODUCTION

Extreme solar events, such as flares accompanied by

powerful coronal mass ejections (CMEs), perturb the

terrestrial magnetic field and generate highly variable

currents in the ionosphere and magnetosphere. Geo-

effective CMEs influence the entire Sun–interplanetary

medium–magnetosphere–ionosphere–atmosphere–Earth sys-

tem (e.g. Chernogor & Rozumenko 2008; Chernogor 2011).

The scientific interest in such events is driven by their

impact on satellite navigation, communication systems, and

spacecraft operating in low and medium Earth orbits. A CME

directed toward Earth can disrupt both ground-based and

space-based technological systems (Afraimovich et al. 2003;

Andreyev et al. 2023). Multiple studies have investigated ex-

treme space-weather events of recent solar cycles (e.g. Polekh

et al. 2017; Singh & Sripathi 2017; Shpynev et al. 2018; Paul

et al. 2020; Chernogor et al. 2020, 2021; Tulasi Ram et al.

2024; Paul et al. 2025; Gordiyenko et al. 2025).

Here, we perform a detailed analysis of helio-geophysical

parameters during a very large geomagnetic storm with a

sudden commencement that occurred on 22–24 June 2015.

2 MATERIAL AND METHODS

We used 5-min resolution solar wind and interplane-

tary data provided by OmniWeb (NASA/GSFC; omni-

� Contact e-mail: snmukasheva@gmail.com

web.gsfc.nasa.gov), as well as planetary geomagnetic indices

(Kp) from WDC Kyoto (wdc.kugi.kyoto-u.ac.jp). Local geo-

magnetic field measurements were obtained from the Alma-

Ata Observatory (code AAA; 43.25°N, 76.92°E), part of the

INTERMAGNET network.

3 OBSERVATIONAL RESULTS

Using the example of a very large geomagnetic storm with

a sudden onset on 22–24 June 2015, we describe the helio-

geophysical conditions that led to the occurrence of geomag-

netically induced currents at mid-latitudes. Previous studies

have carried out a comprehensive analysis of this unique event

using measurements from orbiting satellites and ground-

based observatories (e.g. Singh & Sripathi 2017; Astafyeva

et al. 2016; Baker et al. 2016; Reiff et al. 2016; Piersanti

et al. 2017; Zhao et al. 2017; Gopalswamy et al. 2018; Au-

gusto et al. 2018). The novelty of the present work is that we

examine this storm from the viewpoint of the variability of

solar-wind parameters and interplanetary electric and mag-

netic fields, and we also present the corresponding variations

of geomagnetic-field parameters based on observations from

a mid-latitude geomagnetic station.

Figure 1 presents the variations of helio-geophysical param-

eters from 21 to 25 June 2015. Panel (a) shows the solar-wind

dynamic pressure, P (nPa); panel (b) shows the solar-wind

speed, SW (km,s−1); panel (c) shows the Bz component of

the interplanetary magnetic field (IMF Bz, nT); panel (d)

shows the Ey component of the interplanetary electric field
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(IEF Ey, mV,m−1); panel (e) shows the auroral electrojet in-

dex, AE (nT); panel (f) shows the eastern electrojet AU (nT,

purple) and western electrojet AL (nT, dark green); panel (g)

shows the Sym-H index (nT); and panel (h) shows the plan-

etary Kp index.

The AU index (auroral upper) represents the maximum

positive deviation of the H component of the geomagnetic

field from the quiet-time average across all auroral-zone ob-

servatories. The AL index (auroral lower) corresponds to the

maximum negative deviation at the same stations. The AT

index is defined as the sum of the absolute values of AU and

AL, representing the total magnitude of magnetic fluctua-

tions in the H component. The AE index provides a measure

of the overall magnetic disturbance in the auroral zone (?).

The Sym-H index characterizes the symmetric component of

the ring current and is commonly used to quantify geomag-

netic disturbances at mid-latitudes.

Two solar flares, classified as M2.0 and M2.6, were accom-

panied by coronal mass ejections (CMEs) directed towards

the Earth. The first CME arrived at the Earth’s magne-

tosphere at 05:45 UT on 22 June 2015, causing a modest

increase in the Sym-H index of approximately 35 nT. The

second CME reached the magnetosphere at 18:30 UT, coin-

ciding with an increase in solar-wind dynamic pressure from

5 to 58 nPa (Fig. 1a) and an increase in solar-wind speed

from 350 to 745 km,s−1 (Fig. 1b). The onset of the geomag-

netic storm is marked by a sudden rise in the Sym-H index

of 77 nT at 18:35 UT on 22 June, followed by a sharp de-

crease to a minimum of 207 nT at 04:25 UT on 23 June. The

interval from 18:35 UT on 22 June to 04:25 UT on 23 June

corresponds to the main phase of the storm, followed by a

slower recovery phase, with Sym-H reaching approximately

−60 nT by 00:00 UT on 25 June 2015.

The Bz component of the interplanetary magnetic field

(IMF) turned sharply southward, reaching a minimum of

−37 nT at 19:20 UT, before returning northward at 19:50 UT

(Fig. 1c). The IMF Bz remained predominantly northward,

except for a brief interval near 21:00 UT when it turned nega-

tive for approximately 20 min (Astafyeva et al. 2016). Under

quiet conditions, variations of the interplanetary electric field

(IEF) Ey component are typically within 0 ± 0.28 mV,m−1.

Following the arrival of the second CME at the Earth’s mag-

netosphere, Ey increased sharply to 25.79 mV,m−1 and sub-

sequently varied in antiphase with IMF Bz (Fig. 1d).

After 00:00 UT on 24 June 2015, the IMF Bz and IEF

Ey returned to quiet levels. Variations in the AE auroral

electrojet index indicate that the storm was accompanied

by intense auroral activity, with AE exceeding 2000 nT at

18:30–18:40 UT and again at 20:00–20:30 UT. During the

initial phase of the geomagnetic storm associated with the

second CME, the AU and AL indices reached maxima of

1265 nT and −1370 nT, respectively, and varied in antiphase

throughout the main phase of the storm (Fig. 1f). The Kp

index reached a value of 8, identifying the geomagnetic dis-

turbance of 22–23 June as a major solstice storm of Solar

Cycle 24 Augusto et al. (2018). Figure 2 shows the variations

of the X-, Y-, and Z-components, as well as the total vector

Figure 1. Variation of solar, interplanetary & geomagnetic indices
during 21–26 June 2015.

F of the geomagnetic field, based on data from the Alma-Ata

Geomagnetic Observatory (code AAA).

The Alma-Ata Geomagnetic Observatory is situated at an

altitude of 1300 m in the foothills of the Tien Shan Moun-

tains, approximately 10 km from Almaty, Kazakhstan, with

geographic coordinates 43.10◦N, 76.57◦E, and geomagnetic

coordinates 34.3◦N, 152.7◦E. Geomagnetic measurements are

performed using a fluxgate magnetometer (LEMI-008), a

portable single-component magnetometer (LEMI-203), and

a processor-based Overhauser sensor (POS-1), all conform-

ing to modern international standards. In 2005, the observa-

tory was awarded a quality certificate by the International

INTERMAGNET organization.

The observatory measures the X (north), Y (east), and Z

(vertical) components of the geomagnetic field vector, as well

as the total field F , all in nT. Variations in the XYZ compo-

nents are recorded at 1 s intervals, while F is sampled every

5 s. Minute-averaged XYZF files are generated from real-time
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Figure 2. Variations of the X-, Y -, and Z-components of

the total geomagnetic field vector, based on data from the
Alma-Ata Geomagnetic Observatory, Kazakhstan (observatory

code: AAA; coordinates: 43.25◦N, 76.92◦E).https://ionos.kz/
geomagnetic-observatory/

data, and absolute measurements are performed two to three

times per week.

Data from 2004 to the present are available through

the INTERMAGNET website1. Historical local data from

1964–2003 (hourly HDZF) and 2003–present (second- and

minute-resolution XYZF) can be provided upon request. The

Institute of Ionosphere offers open access to minute- and

hourly-averaged XYZF data and K-index values from 2003

onwards.

The mid-latitude geomagnetic observatory AAA recorded a

very large geomagnetic storm with a sudden commencement

(SC) during the period from 17:40 UT on June 21, 2015, to

21:00 UT on June 25, 2015, lasting 101 hours and 20 min-

utes. The maximum local K-index reached 8, and the mini-

mum value of the X-component, −544.8 nT, was observed at

04:51:00 UT on June 23, 2015 (Fig. ??).

4 CONCLUSION

Based on satellite and ground-based observations, we have

described the helio-geophysical conditions during the mag-

netically disturbed period of 21–26 June 2015. Accounting

for these conditions is essential for modelling variations of

electromagnetic fields in near-Earth space. The variability of

parameters during geoeffective coronal mass ejections must

be considered in space weather forecasting to mitigate the ad-

verse effects of the radiation environment on both spacecraft

instrumentation and ground-based technological systems.

During geomagnetic storms, corpuscular eruptions occur,

predominantly involving electrons and protons from the

Earth’s radiation belts. Eruptions of energetic charged par-

ticles from the magnetosphere and radiation belts can con-

tribute to longitudinal currents, but the principal effect of

these eruptions on geomagnetically induced currents (GICs)

1 www.intermagnet.org

follows a well-understood mechanism. Particles with kiloelec-

tronvolt energies precipitating into the ionosphere enhance

ionization at altitudes of 90–120 km, increasing conductiv-

ity in affected regions. According to Ohm’s law, this leads

to amplified horizontal ionospheric currents and associated

magnetic fields. Temporal variations of these fields, particu-

larly during storms and sub-storms, induce GICs in pipelines

and power systems via Faraday’s law (Andreyev et al. 2023).

Future work will focus on the effects of extreme solar events

in the upper layers of the Earth’s atmosphere.

This study provides a useful reference for researchers in

solar–terrestrial physics and offers methodological guidance

for undergraduate, master’s, and doctoral students analysing

helio-geophysical data.
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