
We thank Martino Marisaldi for careful reading of the manuscript and for his very helpful 
comments and suggestions. We responded to all of them and revised the manuscript 
accordingly. (The line numbers are related to the manuscript with tracked changes.) 
 
Responses to Reviewer (in blue) with Reviewer´s comments in black. 
 
1. Line 40:  do the authors mean Kuroda et al. ? Kudela is not present in the reference list 
Kudela et al. (2017) is the correct reference. By mistake, it was missing in the original 
reference list. This is fixed in the revised version. 
 
Kudela, K., Chum, J., Kollárik, M., Langer, R., Strhárský, I., & Baše, J.: Correlations between 
secondary cosmic ray rates and strong electric fields at Lomnický štít. Journal of Geophysical 
Research: Atmospheres, 122, 10,700–10,710. doi:10.1002/2016JD026439, 2017. 
 
2. Line 42:  this term is widely used by the astrophysical community for gamma-ray bursts 
(GRB) of cosmic origin, and it can be misleading without additional explanation 
We modified the wording on line 42 and used the same term “gamma ray bursts of 
atmospheric origin” as in the title of the paper by Brunetti et al. 2020. 
 
3. Line 44: it is worth mentioning also the paper by Kelley et al., 2015 DOI: 
10.1038/ncomms8845 
We added the reference on line 44. 
 
4. Line 69: and if the electric field is above the threshold for RREA 
Added on line 70. 
 
5. Line 80: regarding glow termination, I think that it is relevant the paper Kochkin et al., 
2021 https://doi.org/10.1029/2020JD033467 
We added the reference on line 90. 
 
6. Line 80: again, is this Kuroda et al? This is not in the reference list 
The reference to Kudela et al., 2017 was already added. 
 
7. Line 137: is also the middle layer made of plastic scintillators? It is not clear from this 
description, but I think so. I would specify it. 
The middle layer is also made of plastic scintillator. To make it more clear we add a 
specification on line 150: 
 
“and in the middle there is a thick 50 x 50 x 25 cm3 scintillator stack (five standard plastic 
scintillator slabs).” 
  
And on line 153: 
…” the middle plastic scintillator stack of SEVAN,” 
 
8. Line 153: This means that 52 ms data before the trigger are collected. This is clarified at 
line 330 but it could be mentioned here for clarification. 
We added the clarification on line 167: 



“…it records a 168-ms long waveform snapshot including a history of 52 ms before the 
trigger.” 
 
9. Line 182: I guess the unit should be J/kg 
Corrected on line 205. 
 
10. Line 188: should this be m/s  ? 
Corrected on line 211. 
 
11. Line 215: the estimate of the altitude of the cloud base is crucial. How reliable is the 
method? 
We are aware of the fact, that the method of estimation of the cloud base from the LCL 
height is very rough. The error in LCL height estimated using this simple method could reach 
15 % according to Lawrence (2005). The LCL height represents the altitude of the lowest 
possible cloud base. We added this information on lines 237-238. 
 
“The LCL height represents the altitude of the lowest possible cloud base and the error in the 
LCL height estimation when using this simple method could reach 15 % (Lawrence, 2005).” 
 
Lawrence, M. G.: The Relationship between Relative Humidity and the Dew point 
Temperature in Moist Air: A Simple Conversion and Applications. Bulletin of the American 
Meteorological Society 86, 2, 225-234, doi:10.1175/BAMS-86-2-225, 2005. 
 
12. For storm A (Fig. 2) the LCL goes from about 1 km down to 400 m during the TGE, so 
assuming 400 m might not be the best choice, considering that the most intense part of the 
TGE happens when the LCL is higher than this value. This comment is also relevant to the 
conclusions section.  
In the description of Fig. 2 we are now rather using the interval of altitudes, the wording is 
as follows on lines 240-242: 
 
“The altitude of the cloud base was estimated to decrease from 1100 to 200 m during storm 
A. During storm B, the height of the cloud base varied between 180 and 240 m. 
 
We also added following sentence on lines 292-293: 
 
“The most intense parts of the TGE events happened when the cloud base was located at 
about 800 m during storm A and at about 200 m during storm B.” 
 
The wording in the conclusion section was modified as follows on lines 572-578: 
 
“The meteorological situation allowed for a formation of a strong lower positive charge 
region with its lower edge located close to the observatory assuming the lower edge of the 
LPCR was located at the cloud base at the beginning of the storm (Rakov and Uman, 2003).  
The altitude of the cloud base varied between 1100 and 200 m during the storm A and 
between 240 and 180 m during the storm B. Nevertheless, the LPCR is a transient 
phenomenon, which is moving down with positively charged falling graupels.  Therefore, it is 



probable, that the LPCR might have been located even closer to the detector during the 
graupel fall, when we observed the particle flux maxima.” 
 
 
13. Line 227: This comment is related to that at line 215. Here the authors also give the 
altitude of the cloud base, but now they give a range (correctly, in my opinion), while at line 
215 it is give a single value. I think the two statements must be consistent. 
We made both statements consistent, see our previous reply. 
 
14. Line 315: I am not familiar with the EUCLID network. How do you think it is reliable the 
automatic classification of IC / CG of the network?  
The evaluation of EUCLID IC/CG classification performance using the ground-truth data from 
high-speed camera records gave an average IC/CG discrimination accuracy of 80%. The 
misclassified discharges were the weakest ones. We add this information on lines 366-368: 
 
“Note that the IC/CG classification accuracy depends on the polarity and strength of the 
discharge and reaches on average 80%, while the misclassified strokes were generally very 
weak (Schwalt et al., 2020).” 
 
Schwalt, L., Pack, S., and Schulz, W.: Ground truth data of atmospheric discharges in 
correlation with LLS detections, Electric Power Systems Research, Volume 180, 
106065, doi: 10.1016/j.epsr.2019.106065, 2020. 
 
15. Line 325: Does this mean that many transients were not stored because of the maximum 
throughput of the acquisition system? If yes, it can be explicitly stated in the text.  
Yes, we reached the limitations of the throughput of our acquisition system during the 
investigated time interval, when the signal level repeatedly and in a fast succession 
exceeded the triggering threshold. The modified sentence reads as follows on lines 372-374: 
 
“The maximum amount of 3-4 snapshots per second was recorded during the time of the 
intense variations of the atmospheric electric field, when the limitations of the throughput of 
our acquisition system were reached.“ 
 
16. Line 332: since the signal is often saturated, I think that the numerically integrated value 
(Fig. 4a) might be inaccurate in many cases. If yes, I think it could be worth mentioning. 
We noted it in the caption of figure 4: 
 
“Note that the numerically integrated values might be inaccurate because of a frequent 
saturation of the received signal.” 
 
17. Line 362: I was curious about this 2km boundary looking at Fig. 2 and 3. So, is this a real 
feature, and not some artifact? Honestly I was puzzled by the sharpness of the 2 km feature 
in both Z and vertical wind velocity. 
The boundary visible at an altitude of about 2 km in the radar reflectivity plot (Fig. 2d) and in 
the vertical velocity plot (Fig. 2e) is not an artefact; it represents the impact of the melting 
layer on measurements of these quantities because of the sudden change in the 
hydrometeor composition at temperatures below and above 0°C.  



 
We added following explanation on lines 184-186 and corresponding reference in the 
reference list. 
 
“The relatively narrow melting layer can be often detected in the radar reflectivity as a 
region with enhanced reflectivity, due to sudden changes in the hydrometeor properties 
(shape, size, and melting fraction) at temperatures below and above 0°C (Ryzhkov and Zrnic, 
2019).” 
 
Ryzhkov, A.V. and Zrnic, D.S.: Radar Polarimetry for Weather Observations, Springer, 
Berlin/Heidelberg, Germany, Volume 486, 2019. 
 
18. Line 389: In Fig. 3f I am puzzled by the CR boundary at a constant height of 2 km, as for 
storm A, while the Z profile shows a much larger variability. Can you briefly explain the 
origin of this feature according to the Sokol classification scheme? 
The classification scheme uses the information about the altitude of the melting layer. 
Below the melting layer, snow or ice cannot exist because they have small terminal 
velocities and almost immediately melt in the melting layer or just below the melting layer. 
Therefore, only graupel, hail, cloud droplet and rain can appear between ground level and 
melting layer.   
 
In case of the storm A, the altitude of the melting level can be derived from the radar 
reflectivity and vertical air velocity plots (Figs. 2d and 2e). In case of the storm B, where the 
signatures of the presence of melting lever are not visible in the radar reflectivity plot, we 
calculated its location using the temperature measurements conducted at the observatory.  
 
We added this explanation in the radar description on lines 192-195: 
 
“The classification scheme uses the information about the altitude of the melting layer. 
Below the melting layer, snow or ice cannot exist because they have small terminal velocities 
and almost immediately melt in the melting layer or just below it. Therefore, only graupel, 
hail, cloud droplet and rain can appear between the ground level and the melting layer.” 
 
We also added a clarification in the description of the storm A on lines 412-413 : 
 
“This altitude of the melting layer corresponded to the value calculated from the measured 
ground temperature (using a gradient of -6.5 C/km) and served as an input for the 
hydrometeor classification.” 
 
A clarification for the storm B was added on lines 432-433: 
 
“The melting height is hardly definable from the radar measurements in this case, so for the 
hydrometeor classification we have to calculate it from the measured ground temperature.” 
 
19. Line 394: This paper is not present in the reference list. Searching on Web of Science I 
found  



Chilingarian, Vanyan and Mailyan (2013) 
http://dx.doi.org/10.1016/j.astropartphys.2013.06.006 which might be the right paper. 
Please check the citation. 
The paper cited in the original version (Chilingarian and Mailyan, 2013) was a conference 
paper which was mistakenly omitted in the reference list. As we found the same energy 
spectra in a paper in Atmospheric Research from 2012, we corrected the citation to 
“Chilingarian et al., 2012” on line 445. This reference was already present in the reference 
list. 
 
Chilingarian, A., Mailyan, B., and Vanyan, L.: Recovering of the energy spectra of electrons 
and gamma rays coming from the thunderclouds, Atmospheric Research 114–115, 
doi:0.1016/j.atmosres.2012.05.008, 2012. 
 
20. Line 408: It is not clear to me if this number takes into account the detector and 
environment geometry just described or not. 
The number takes into account the detector and environment geometry. We modified the 
wording accordingly on lines 459: 
 
“The PHITS’s cosmic rays source for the specific date,  height, and geometry gives us a total 
number of….” 
 
21. Line 425: If I understand correctly, only the count rate above the 6.5 MeV threshold is 
measured, and not the energy of every single count. I think this should be stated at an 
earlier stage in the manuscript, when the particle detector setup is described. 
The energy of individual detected particles is not evaluated. We added this statement to the 
SEVAN description in the Instrumentation section on line 157. 
 
22. Line 427: This is using the spectrum from Chilingarian and Mailyan 2013, if I understand 
correctly, and not the real measurements. I think this should be stated explicitly also here in 
the caption. 
We used the energy spectra measured by Chilingarian et al., 2012 (their Fig. 12) as an input 
of our model and for calculations of the deposit energy spectra in the modelled detector 
setup. We modified the caption of Fig. 5, which now reads: 
 
“Figure 5: a) TGE source particles, the source is tilted by 45° from the vertical axis, and the 
energy spectra correspond to observation by Chilingarian and Mailyan et al. (2012), their Fig. 
12. b) Calculated deposit energy spectra inside the scintillator. Lower energy threshold was 
set to 6.5 MeV according to the setup of the detector. The detector itself does not provide 
the energy spectra.” 
 
23. Line 428: The enhancement over the background is similar, but what is the background 
level for that event at Aragats? Is it consistent with the one in this paper? 
The background count level registered at Aragats by the middle SEVAN scintillator before 
the event from 4th October 2010 was about 7100 per minute (http://adei.crd.yerphi.am/). 
To compare the TGE events at Milešovka and at Aragats at very different altitude we rather 
changed the relative enhancement to its absolute value. The statement was modified as 
follows on lines 479-481: 



 
“…when the count enhancement in the middle SEVAN scintillator reached about 1400 
counts/min, which is similar to our observation. The background level was about 7100 
counts/min.” 
 
 
 
24. Line 433: Provided that Chilingarian, Vanyan and Mailyan (2013) is the right paper to cite 
(see comment at line 394) then the spectral parameters for the 4 Oct 2010 TGE included in 
Fig. 10 of that paper are different from those used here. The constants are 3.5x10^5 for 5-
10 MeV range, and 4.2x10^7 for the 10-100 MeV range. Which parameters have been really 
used? This would impact the expected count rate reported later at lines 440-441 
The constants for the same event are unfortunately different in the papers by Chilingarian, 
Vanyan and Mailyan (2013) and Chilingarian, Vanyan and Mailyan (2012). 
We have used those from the 2012 paper, their Fig. 12. We corrected the citation in the 
manuscript on line 487. 
 
25. Line 439: I am not sure the comparison shown here is very significant, for various 
reasons: 
- what was the background level at Aragats for this reference measurement? (see comment 
at line 428) - looking at Figure 5a it seems that the total number of counts is very sensitive 
to the inclination of the beam. Just a little larger inclination and you would get the 
unabsorbed beam directly onto the detector, sending the count-rate sky high. 
Therefore I think that this comparison is very dependent on the assumption on geometry, 
which cannot really be validated. If the authors want to keep this part, I recommend to 
comment on the above points explicitly in the text. 
 
For the background level, please see our reply to comment 23. We admit that the 
comparison is very dependent on the geometry assumption. Therefore, we removed the  
comparison from the simulation section and added following statement on lines 498-501. 
 
“We have calculated the count enhancements also for other inclinations of the beam. We 
verified that the enhancements calculated for an inclination of 45° best reproduced our 
measurements. To obtain the same values for a beam arriving more vertically to the detector 
we would need to assume a stronger TGE. a more horizontal inclination of the beam seems 
to be not realistic.” 
 
26. Line 456: This statement is affected by my comments at line 439 
We softened substantially the statement, which now reads as follows on lines 512-513: 
 
“Using the simulations, we have shown that the observed increases of count rates might 
have been related to TGEs.” 
 
27. Line 460: This is a very interesting discussion point. I understand that the station is one 
of the stormiest places in the Czech republic, so it would be useful if the authors could 
provide some figure of merit for this, for example the number of stormy days, or a similar 
indicator if available. 



We added a reference to a recent paper by Novak and Kyznarova (2020) and modified the 
wording on line 144-5 as follows: 
 
“It is located in the stormiest region in the Czech territory with about 3.2 CG 
flashes/km2/year (Novak and Kyznarova, 2020; Fig. 9a). 
 
Novak, P. and Kyznarova, H.: Long-term characteristics of convective storms in terms of 
radar data and lightning detection data, Meteorological bulletin, Vol. 73,  ISSN 0026-1173, 
2020. 
 

 
 
28. Line 465: According to Fig. 2a the cloud base, as parameterized by the LCL, is higher 
during the first part of the TGE, which is also the most intense. If this is true, this points also 
to a larger intensity in the first part of the event. 
 
The wording in the conclusion section was modified as follows on lines 573-578: 
 
“The meteorological situation allowed for a formation of a strong lower positive charge 
region with its lower edge located close to the observatory assuming the lower edge of the 
LPCR was located at the cloud base at the beginning of the storm (Rakov and Uman, 2003).  
The altitude of the cloud base varied between 1100 and 200 m above the observatory during 
the storm A and between 240 and 180 m during the storm B. Nevertheless, the LPCR is a 
transient phenomenon, which is moving down with positively charged falling graupels.  
Therefore, it is probable, that the LPCR might have been located even closer to the detector 
during the graupel fall, when we observed the particle flux maxima.” 
 
 
29. Line 477: This is an important statement but I did not find it substantiated in the text 
We removed the misleading part, which described the usual observation of near surface 
electric field observed during TGEs at high altitude observatories, and we limited ourselves 
to the summary of our unusual observation. 
 
30. Line 482: The paper by Kochkin et al, 2021, already mentioned at line 80, shows cases 
where a glow flux is abruptly reduced, but not terminated, by lightning discharges. 
We add the finding by Kochkin et al. 2021 on line 539: 



 
“….none of which, however, abruptly reduced or terminated the TGE flux.” 
 
And on line 88-90: 
 
“….but quite often they are reduced or terminated abruptly by a nearby lightning discharge 
(Kudela et al., 2016; Chilingarian et al., 2017a; Chum et al., 2020, Soghomonyan et al., 2021; 
Kochkin et al., 2021).” 
 
31. Line 484: Also this statement, which is very relevant, I think is not sufficiently addressed 
in the main text. At least, it would be important to show in details one case where this 
radiation increase occurs. Considering that radiation is recorded in minute-long time bins, I 
think it is difficult to get a conclusive correlation with electric field data. This point was also 
raised by the previous reviewer. 
We addressed this issue by adding a sentence on lines 539- 541: 
 
“We cannot exclude that short duration TGE events of a few tens of seconds could have been 
reduced (Kochkin et al, 2021) or terminated (Chum et al., 2020; Chilingarian, 2017b, 2020) by 
a lightning stroke, as these would not be recognisable in the 1-min cadence SEVAN data.” 
 
32. Line 493: can this be the peculiar characteristic of these storms, which is missing in the 
majority of the storms passing over the observing site? A suggestion for a follow-up study 
could be to test the presence of a large LPCR in other storms without recorded TGE. 
We added as suggested at the end of discussion section on line 581: 
 
“A follow-up study is needed to test the absence of a large LPCR in other storms without 

recorded TGEs.” 

 
 
 
 
 
 


