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Abstract — The estimation of geomagnetically induced 

currents that can affect the power grid system was conducted 

based on measurements from mid-latitude geomagnetic 

observatories in this study. To accomplish this, the grid line in 

the territory of Amaty oblast, Kazakhstan, was selected, and the 

geophysical conditions in the region were investigated. It was 

determined that due to geomagnetically active periods, 

Kazakhstan's energy systems affect by geomagnetically induced 

currents for a significant duration that depends on the 

geomagnetic storm value and time of its lasting, with the rate of 

geomagnetic field changes exceeding 17 nT/min. And the value 

of the geomagnetically induced currents can vary from fractions 

of mA to tens of mA. 

Keywords — geomagnetically induced currents, overhead 

power transmission line, geomagnetic storm 

I. INTRODUCTION 

The release of strong magnetic cloud due to flares at 
intense Solar periods leads to perturbations in the magnetic 
field of Earth. These perturbations give rise to varying 
currents within the ionosphere and magnetosphere. That leads 
to the negative effect of the occurrence of geomagnetically 
induced currents (GIC) in conductive ground networks [1-2]. 

GIC research in the high latitude area began after the 
disaster pin the Quebec energy system (Canada), which 
occurred one and a half minutes after the start of a very large 
magnetic storm (historically referred to as a “great” magnetic 
storm) on the night of March 13-14, 1989. The storm was 
caused by powerful proton flares of X-class and M-class on 
the Sun [3]. 

Studies of geomagnetically induced currents in Europe, 
including Sweden [4], Austria [5], Greece [6], and in Brazil 
[7], Japan [8], South Africa [9], Australia [10], and New 
Zealand [11], have shown that induced currents, reaching 
magnitudes of tens of amperes, can occur at middle and low 
latitudes. A study conducted by Chinese scientists has 

revealed that the topology and parameters of the power system 
are key factors influencing GIC levels at medium and low 
latitudes, and significant GICs can be observed in these 
regions [12]. 

In regions at medium and low latitudes, large geomagnetic 
fluctuations are caused by increased ring current resulting 
from intense solar wind flows. 

In this research, we estimated the influence of GICs on the 
power grid by utilizing measurements from mid-latitude 
geomagnetic observatories. 

II. MEASUREMENTS OF MID-LATITUDE GEOMAGNETIC 

OBSERVATORIES AND GIC ESTIMATION MODEL 

The information obtained from four magnetic 
observatories belonging to the INTERMAGNET network was 
taken taken into consideration. These observatories include: 
Alma-Ata Observatory, Kazakhstan located at 43.25°N, 
76.92°E, Novosibirsk Observatory located at 54.85°N, 
83.23°E, Irkutsk Observatory, Russia located at 52.17°N, 
104.45°E, and the Beijing Ming Tombs Observatory, Beijing, 
China located at 40.3°N, 116.2°E. The locations of the 
geomagnetic observatories are shown in Figure 1. 

The considered area includes overhead power 
transmission lines, with a total length of 4,216,900 km (via 
circuits) with voltages across ranging from 0.4 kV to 500 kV. 
Additionally, there are 12 substations with voltages ranging 
from 35 kV to 500 kV, with a combined capacity of 4,894.2 
MVA (figure 2). 

For the estimation of GIC values we’ve used the one-layer 
model represented in the [20]: 
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where ����� is the electrostatic field x-component, �� is 

the geomagnetic field y-component, � is the potential and � 
is the electric conductivity of the ground. 

 

 

Fig. 1. Location of Alma-Ata Geomagnetic Observatories (AAA), 
Novosibirsk (NVS), Irkutsk (IRT) and Beijing Ming Tombs, Beijing (BMT).  

 

Fig. 2.  Overhead power transmission lines. 

III. RESULTS AND DISCUTTION 

Founded on measurements of the geomagnetic field 
characteristics, calculations were conducted to determine the 
value of geomagnetically induced currents. The minute 
values of the northern X and eastern Y components of the 
magnetic field were used for these calculations. Based on the 
data obtained from the four observatories, the induced 
electromotive force (EMF) values were calculated for very 
large geomagnetic storms. An analysis was conducted on the 
fluctuations in the horizontal component (H) of the magnetic 
field vector and its rate of change over time (dH/dt). 
Histograms were constructed to illustrate the distribution of 
|dH/dt| and the directions of H and dH/dt. In Figure 3a, the 
histograms display the distribution of |dH/dt| based on the 
data from the selected observatories during the magnetic 
storm that occurred on May 12-13, 2021. Figure 3b presents 
histograms of the distribution of dH/dt directions for the same 
observatories during the same magnetic storm on May 12-13, 
2021. 

During significant geomagnetic storms, Kazakhstan's 
energy systems experience prolonged exposure to 
geomagnetically induced currents, lasting from tens of 
minutes to several hours. The magnitude of |dH/dt| during 
these events can reach or exceed 17 nT/min. The estimation 
of geomagnetically induced currents was done according to 
the assumption that the self-induction electromotive force 
(EMF) is directly proportional to the rate of change in 

magnetic field strength and computations was based on Eq. 
(1) and Ohm’s law.  

 

а) 

b) 

Fig. 3. Histograms of the distribution of the time derivative |dH/dt| (a) and 
the directions of the time derivative dH/dt (b) during the MBM on May 12-

13, 2021  

We conducted a study on the geomagnetically induced 
currents (GICs) resulting from disturbances in the 
geomagnetic field. The purpose was to assess the potential 
threat to the electric power system caused by GICs. 
Alongside geomagnetic variations, geoelectric changes also 
occur. In closed-circuit power lines spanning long distances, 
the geoelectric field induces currents. Therefore, calculating 
GICs involves two steps: determining the geoelectric field 
and then assessing the corresponding GIC values. In our 
paper [20], a retrospective analysis of the geophysical 
conditions from 2016 to 2021 was performed using data from 
the Alma-Ata geomagnetic observatory. A total of 120 
geomagnetic events with disturbances in the geomagnetic 
field were studied, and GIC values were calculated for all 
these events. The study examined the characteristics of GIC 
occurrence at middle latitudes.  

In the case of regular geophysical conditions without a 
magnetic storm, the amplitude of GICs rises maximally up to 
0.05 mA (Figure 4-5). 

 

 
Fig. 4. Variations of geomagnrtic field at 2021.08.13 – 2021.08.14 

It was observed that during large geomagnetic storms, the 
amplitude of GICs ranged between I = 0.4-0.6 mA (figure 6). 
For example, during large geomagnetic storm at 2017.09.07 
– 2017.09.09 (figure 7) the amplitude of GIC variation rises 
till 0.4 mA. For average magnetic storms, the amplitude was 
approximately I = 0.1-0.3 mA. The example of geomagnetic 
field parameters and GIC variation shown in the figures 8-9. 
During weak magnetic storms, the amplitude values varied 

between (0.06 - 0.15) mA (figures 10-11). 
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Fig. 5. Variations of GIC induced by geomagnetic field variations at 

2021.08.13 – 2021.08.14 

 
Fig. 6. Variations of geomagnrtic field during large geomagnetic storm at 

2017.09.07 – 2017.09.09 

 
Fig. 7. Variations of GIC induced by geomagnetic field variations during 

large geomagnetic storm at 2017.09.07 – 2017.09.09 

 
Fig. 8. Variations of geomagnrtic field during average geomagnetic storm 

at 2017.05.27 – 2017.05.28 

 

Fig. 9. Variations of GIC induced by geomagnetic field variations during 
average geomagnetic storm at at 2017.05.27 – 2017.05.28 

 
Fig. 10. Variations of geomagnrtic field during small geomagnetic storm at 

2019.07.08 – 2019.07.09 

 

Fig. 11. Variations of GIC induced by geomagnetic field variations during 
small geomagnetic storm at 2019.07.08 – 2019.07.09 

In cases of storms with sudden onsets at 2018.08.25 – 
2018.08.26 (figure 12), the induced current amplitude 
occasionally increased up to I = 0.75 mA (figure 13).  

Generally, the value of GICs is dependent on the intensity 
of the geomagnetic storm, although there are some 
exceptions. For instance, a storm with a sudden onset, 
classified as a weak geomagnetic storm according to the 
planetary index, exhibited a higher GIC value than during a 
large geomagnetic storm. The detailed estimations provided 
by the authors in their article [13], it shown there that the GIC 
values can range from fractions of mA to tens of mA. 

During extremely severe geomagnetic storms, the energy 
systems in Kazakhstan experience prolonged exposure to 
geomagnetically induced currents (GIC) that can last from 
tens of minutes to several hours. This occurs when the 
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magnitude of the rate of change in the horizontal component 
of the magnetic field (|dH/dt|) reaches 17nT/min or higher. 

 

 

Fig. 12. Variations of geomagnrtic field during storm with sudden onsets at 
2018.08.25 – 2018.08.26 

 

Fig. 13. Variations of GIC induced by geomagnetic field variations during 
storm with sudden onsets at 2018.08.25 – 2018.08.26 

The estimation of GIC is based on the calculation that the 
self-induction electromotive force (EMF) is directly 
proportional to the rate of change in magnetic field strength. 
According to estimations done by authors, the GIC value can 
vary from hundreds of fractions of mA to tens of mA. For 
more accurate calculations, it is essential to consider factors 
such as the electrical system's topology, the nature of the 
underlying surface, and other elements that influence the 
susceptibility of individual components within the power 
system.  

ACKNOWLEDGMENT  

The work was carried out with the financial support of the 
Committee of Science of the Ministry of Education and 
Science of the Republic of Kazakhstan grant project 
AP09259554. 

 

REFERENCES 

[1] G. Eason, B. Noble, and I. N. Sneddon, “On certain integrals of 
Lipschitz-Hankel type involving products of Bessel functions,” Phil. 
Trans. Roy. Soc. London, vol. A247, pp. 529–551, April 1955. 
(references) Gannon J. L., Swidinsky A.,  Xu Zh. Geomagnetically 
Induced Currents from the Sun to the Power Grid //Geophysical 
Monograph Series: John Wiley & Sons, ISBN: 978-1-119-43438-2, 
2019. -Р.246-256. https://doi.org/10.1002/9781119434412.ch2 

[2] D.T.O. Oyedokun, P.J.Cilliers Classical and Recent Aspects of Power 
System Optimization: Chapter 16 - Geomagnetically Induced 
Currents: A Threat to Modern Power Systems.–Academic Press, 2018, 
P. 421-462. https://doi.org/10.1016/B978-0-12-812441-3.00016-1. 

[3] L. Bolduc, P Langlois., D. Boteler, R. Pirjola. A study of 
geoelectromagnetic disturbances in Quebec, 2. Detailed analysis of a 
large event // IEEE Trans. Power Delivery.– -2000. -Vol. 15. -P. 272. 

[4] M. Wik, A. Viljanen, R. Pirjola, A.Pulkkinen, P. Wintoft, H.Lundstedt. 
Calculation of geomagnetically induced currents in the 400 kV power 
grid southern Sweden // Space Weather. -2008. -Vol. 6. -P. 07005, 
https://doi.org/10.1029/2007SW000343 

[5] M. Torta, S. Marsal, M. Quintana. Assessing the hazard from 
geomagnetically induced currents to the entire highvoltage power 
network in Spain // Earth Planets Space. -2014. -P. 66-87. 
https://doi.org/10.1186/1880-5981-66-87 (дата обращения 2021-05-
27) 

[6] R. L. Bailey, T. S. Halbedl, I. Schattauer, Al. Römer , G. Achleitner, C. 
D. Beggan , V. Wesztergom, R. Egli, R. Leonhardt. Modelling 
geomagnetically induced currents in midlatitude Central Europe using 
a thin-sheet approach // Ann. Geophys. - 2017. -Vol. 35. -P. 751-761. 
DOI: org/10.5194/angeo-35-751-2017 

[7] C.da Silva Barbosa, G. A Hartmann, K.J. Pinheiro. Numerical 
modeling of geomagnetically induced currents in a Brazilian 
transmission line // Adv. Space Res. -2015. -Vol.44. -P. 1168-1179. 
https://doi.org/10.1016/j.asr.2014.11.008. 

[8] S. Watari, M.Kunitake, K. Kitamura, T. Hori, T. Kikuchi, K. Shiokawa, 
N. Nishitani, R. Kataoka, Y. Kamide, T. Aso, Y. Watanabe, Y. Tsuneta. 
Measurements of geomagnetically induced current in a power grid in 
Hokkaido // Japan, Space Weather. -2009. -N 7, S03002. 
https://doi.org/10.1029/2008SW000417 

[9] E. Matandirotya, P. J. Cilliers, R. R. Van Zyl. Modeling 
geomagnetically induced currents in the South African power 
transmission network using the finite element method // Space 
Weather. -2015. -N 13. -P. 185-195. 
https://doi.org/10.1002/2014SW001135. 

[10] R. A. Marshall, E. A.Smith, M. J. Francis, C. L. Waters, M. D. Sciffer. 
A preliminary risk assessment of the Australian region power network 
to space weather // Space Weather. -2011. -N 9, S10004. 
https://doi.org/10.1029/2011SW000685 

[11] J. Beland, K.Small. Space weather effects on power transmission 
systems: The cases of Hydro-Québec and Transpower New Zealand 
Ltd., in: Effects of space weather on technology infrastructure // 
Springer, 2005. -P. 287-299. 

[12] C. M. Liu, L.G. Liu, R. Pirjola, Z.Z. Wang. Calculation of 
geomagnetically induced currents in mid- to low-latitude power grids 
based on the plane wave method: A preliminary case study // Space 
Weather. -2009. -Vol. 7. -P. S04005, doi:10.1029/2008SW000439. 

[13] K. Nurgaliyeva. Investigation of the influence of space weather on the 
occurrence of geoinduction currents in the middle latitudes // Recent 
Contributions to Physics. No1(84). 2023, p.48-55 
https://doi.org/10.26577/RCPh.2023.v84.i1.06 

 

 

 

Authorized licensed use limited to: Al-Farabi Kazakh National University. Downloaded on December 09,2023 at 10:02:01 UTC from IEEE Xplore.  Restrictions apply. 


		2023-08-07T08:42:33-0400
	Preflight Ticket Signature




