
Dear Dr. Adrian Hitchman, 

 

Thank you very much for your comment.  

Regarding the disturbances in the magnetic-field record at each observatory that we identify as 

being caused by the volcanic eruption, they do appear to be features common to an active geomagnetic 

field. Moreover, these features do not have any specific appearance, and their appearances have nothing 

to do with the volcanic explosion.  

The detection of the disturbances is based on revealing the disturbances, which have propagated 

with the same propagation speeds to all nineteen observatories. Altogether, six apparent speeds of 4 

km/s, 1.5 km/s, 1 km/s, as well as 500 m/s, 313 m/s, and 200 m/s have been identified in a simultaneous 

analysis, for the first time. 

 The best evidence that the bay-shaped and quasi-periodic disturbances are caused by the action 

of the volcano is the dependence of the time delay on distance from the volcano. These dependences are 

already presented in Figures 21 and 24 in the manuscript.  

Figure 21 shows the time delay of bay disturbance vs distance from the volcano and the estimated 

regression line superimposed on the scatter plot, while Figure 24 shows the time delay of the onset of 

quasi-periodic disturbances in the geomagnetic field vs distance from the volcano and the estimated 

regression line superimposed on the scatter plot.  

The time delay vs distance from the volcano is also illustrated in the figure below, which we have 

constructed especially for you: 

 

As an example, this figure shows UT variations in all 19 X-components of the geomagnetic field 

together, in the UT vs distance from the volcano plane. The vertical dashed line indicates the moment 



of the volcanic explosion, while the six oblique straight regression lines virtually connect the possible 

moments of the onset of the magnetic field response indicated by the arrows in Figures 2–20. These 

variations have already been presented separately in Figures 2–20. Thus, these data clearly show that the 

disturbance time delay exhibits a tendency to increase with distance from the volcano, which testifies to 

the disturbance being propagated from the volcano. Moreover, we were able to establish that the bay-

shaped disturbance of the geomagnetic field is associated with an ionospheric “hole” caused by a 

volcanic explosion and described, for example, in  

Astafyeva, E., Maletckii, B., Mikesell, T. D., Munaibari, E., Ravanelli, M., Coisson, P., Manta, F., 

Rolland, L.: The 15 January 2022 Hunga Tonga eruption history as inferred from ionospheric 

observations, Geophysical Research Letters, 49 (10), e2022GL098827. 

https://doi.org/10.1029/2022GL098827, 2022. 

Chernogor, L. F.: Ionospheric total electron content variations caused by the Tonga volcano explosion 

of January 15, 2022, Space Science and Technology, 29(3), 67-87, 

https://doi.org/10.15407/knit2023.03.067, 2023b. 

The algorithm for finding the geomagnetic field response to the Tonga volcanic explosion is 

presented in the manuscript (Line 114–128), and the apparent speeds and the time delays found through 

applying the algorithm are collected in Table 3 (Line 158).  

Other aspects of this study include the following. 

1. Before searching for volcano effects, I carefully analyzed the state of space weather, for which 

I have developed a special format (see Fig. 1 at the end of this reply). Fig. 1 shows that a magnetic storm 

with Kp = 6– ≈ 5.667 occurred on January 14, 2022. From 00:00 UTC to 03:00 UTC on January 15, 

2022, the Kp-index decreased to 4+ ≈ 4.333. Within the time interval of interest, approximately from 

05:00 UTC to 18:00 UTC, the Kp values varied within the 1.667–3 range, i.e., there was no magnetic 

storm, the magnetic field was only slightly disturbed. On the reference days, Kp ≈ 0.333–1 (January 13, 

2022), and Kp ≈ 0.667–2.333 (January 17, 2022). January 13, 2022, was ideal as a quiet time reference. 

Solar activity on January 15 was 10–15 units higher than on the reference days, however, this could only 

affect the trend level, but not the bay-shaped disturbance or quasiperiodic disturbances of the magnetic 

field. 

 2. A simple comparison of the temporal variations on January 13 and 15 shows that on January 

13 the variations were smooth, and their amplitude did not exceed 1 nT (see, e.g., Figure 2 in the 

manuscript). On January 15, the magnitude and frequency of fluctuations increased significantly. Their 

amplitude was 1–3 nT. 

 3. The review of the literature on the geomagnetic field perturbations from the volcanic explosion 

is presented in the Introduction section (Line 44–73) of the manuscript, which I copy here for your 

convenience: 

“Sun et al. (2022b) have estimated disturbances in the electric current in the ionospheric E 

region caused by the Tonga volcanic explosion by making use of the data on geomagnetic field 

variations acquired by the global network of magnetometers. The E-region current density was 

estimated to be J ≈ 22–55 mA/m2 within a radius of 8,000 km away from the eruption, which changed 

the eastward components, Y, of the geomagnetic field by ~20–50 nT. The leading front of the 

disturbance traveled with a propagation speed of ~740 m/s. Le et al. (2022) investigated the effect that 

the volcano had on the equatorial electrojet and revealed the reversal of the electrojet direction due to a 

strong eastward zonal wind. 

The explosion was also accompanied by variations in the geomagnetic field (Adushkin et al., 

2022; Chernogor, 2023c; Chernogor and Holub, 2023a, 2023b; Iyemori et al., 2022; Le et al., 2022; 

Schnepf et al., 2022; Soares et al., 2022; Yamazaki et al., 2022). Adushkin et al. (2022) have described 

waves and disturbances in the atmospheric electric and magnetic fields. The data collected at 14 

stations in the global network of observatories, INTERMAGNET, which are located in the 2.790–

https://doi.org/10.1029/2022GL098827
https://doi.org/10.15407/knit2023.03.067


6.225 Mm distance range from the volcano, have been used for investigating the magnetic effect. The 

disturbances in the geomagnetic field have been deduced to occur on a global scale, and two groups of 

disturbance have been revealed. In the first group, the disturbances were virtually synchronously 

observed immediately after the explosion, whereas in the second group, the magnetic disturbances 

appeared after the arrival of Lamb waves. Soares et al. (2022) described quasi-periodic disturbances in 

the magnitude of the eastward component, Y, with amplitude of ~3 nT and an ~4-min period observed 

with onset time delay of 10 min at 835-km distance from the volcano. The geomagnetic variations at 

3.8-mHz (period of T ≈ 4.4 min) have been analyzed by (Iyemori et al., 2022; Yamazaki et al., 2022), 

who relate these variations to the acoustic resonance. It is important to note that the oscillations at 3.8 

mHz were observed simultaneously both in the vicinity of the volcano (API station) and in the 

magnetically conjugate region (HON station). The amplitudes of these virtually synchronous 

oscillations were observed to be 2 nT and 0.2 nT, respectively, while the time delay of the magnetic 

effect did not exceed 6 min. However, analogous oscillations were not observed at distances, r, greater 

than 2.7 Mm. The study by Schnepf et al. (2022) is concerned with the investigation of geomagnetic 

variations in the 3–8-min period range with amplitude of ~1 nT that were observed with a time delay 

of ~30 min (propagation speed of ~470 m/s). The authors relate these variations to the ionospheric 

wave, which was generated by the volcano, and explain the variations in the 13–93- and 5–100-min 

period ranges by the effects of tsunami and of atmospheric and ionospheric sources. Harding et al. 

(2022) describe the multi-instrument studies of the magnetic effect of Tonga volcano. They utilized the 

data collected by magnetometers at the ground and onboard the ICON and Swarm spacecraft to study 

the effect that the volcanic explosion had on neutral winds and the ionospheric dynamo current system 

on a global scale. Despite significant progress made in understanding the geomagnetic field 

disturbances related to the Tonga volcanic explosion, a further statistical and spectral analyses of these 

variations is to advance understanding of this scientific issue.” 

Further, I present excerpts from the papers, which had already been published before the study 

described in the manuscript. They illustrate individual elements of the geomagnetic effect of the Tonga 

volcanic explosion, as follows: 

The conclusions arrived at the study by Schnepf, N. R., Minami, T., Toh, H., and Nair, M. C.: 

Magnetic Signatures of the 15 January 2022 Hunga Tonga–Hunga Ha'apai Volcanic Eruption, 

Geophysical Research Letters, 49 (10), e2022GL098454, https://doi.org/10.1029/2022GL098454 , 2022 

are of interest to the current study with respect to characterizing disturbed geomagnetic conditions: 

https://doi.org/10.1029/2022GL098454


 

 The study by Adushkin, V. V., Rybnov, Y. S., and Spivak, A. A.: Wave-Related, Electrical, and 

Magnetic Effects Due to the January 15, 2022 Catastrophic Eruption of Hunga Tonga–Hunga Ha’apai 

Volcano, J. Volcanolog. Seismol., 16 (4), 251–263. https://doi.org/10.1134/S0742046322040029 , 2022. 

deals with the observations of perturbations in the atmosphere and in the geomagnetic field at global-

scale distances from the volcanic explosion. The following excerpts from this paper are of interest 

(marked in yellow): 

-------------------------------------------------------------------------------------------------------------------------- 

 

https://doi.org/10.1134/S0742046322040029


 

 



 

 

 

The study presented in the paper by Soares, G., Yamazaki, Y., and Matzka, J.: Localized 

geomagnetic disturbance due to ionospheric response to the Hunga Tonga eruption on January 15, 2022, 

Geophysical Research Letters, https://doi.org/10.1002/essoar.10510482.1 , 2022 reaches the conclusion 

that ionospheric currents are the likely cause of the geomagnetic disturbance at Apia: 

 

https://doi.org/10.1002/essoar.10510482.1


The study by Yamazaki, Y., Soares, G., and Matzka, J.: Geomagnetic Detection of the 

Atmospheric Acoustic Resonance at 3.8 mHz During the Hunga Tonga Eruption Event on 15 January 

2022, Journal of Geophysical Research: Space Physics, 127 (7), e2022JA030540, 

https://doi.org/10.1029/2022JA030540 , 2022 arrives at the conclusion that the geomagnetic variation at 

Apia is most likely due to ionospheric dynamo currents driven by the acoustic resonance of the 

atmosphere: 

 

 

The paper by Iyemori, T., Nishioka, M., Otsuka, Y., et al.: A confirmation of vertical acoustic 

resonance and field-aligned current generation just after the 2022 Hunga Tonga Hunga Ha’apai volcanic 

eruption, Earth Planets Space, 74, 103, https://doi.org/10.1186/s40623-022-01653-y , 2022 examines the 

geomagnetic oscillations at Apia and Honolulu caused by the volcanic explosion in detail. We copied 

below only three excerpts from this paper: 

https://doi.org/10.1029/2022JA030540
https://doi.org/10.1186/s40623-022-01653-y


 

The statement above (marked in blue) is confirmed by the entire paper, while Figures 2 and 10 below 

present the data: 

 



 

 

 

The study by Le, G., Liu, G., Yizengaw, E., and Englert, C. R.: Intense equatorial electrojet and 

counter electrojet caused by the 15 January 2022 Tonga volcanic eruption: Space- and ground-based 

observations, Geophysical Research Letters, 49 (11), e2022GL099002, 

https://doi.org/10.1029/2022GL099002 , 2022 presents an analysis indicating that the geomagnetic 

storm had a minimal impact on dayside equatorial electrodynamics: 

https://doi.org/10.1029/2022GL099002


 

Thus, our results have significantly complemented the results obtained by the authors of the 

papers listed above. 

 The author is grateful to Dr. Adrian Hitchman for the thorough and comprehensive review of the 

manuscript.  

 Sincerely, 

Leonid Chernogor.  



 

Fig. 1. UT variations in the solar wind parameters: measured concentration, nsw, of particles, temperature 

Тsw, radial velocity Vsw, calculated dynamic pressure psw, measured Bz and By components of the 

interplanetary magnetic field; calculated values of the energy, A, transferred from the solar wind into 

the Earth’s magnetosphere per until time; Kр-index and Dst-index (retrieved from 

https://omniweb.gsfc.nasa.gov/form/dx1.html) for January 12 – 18, 2022 period. Dates are indicated 

along the upper abscissa. 
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