
Review:  

High latitude, dayside ULF signals observed from ground in Greenland  

Eldor et al.  

 

Summary  

This paper attempts to address a gap in high latitude ULF wave observations using the 
upgraded West Greenland magnetometer chain. They find observations of ULF waves in 
the cusp region for the first time during the summer months. The work is concise and 
well presented, and the results are very interesting. I hope you find my comments 
useful.  

However, I do have some concerns regarding the measurements and interpretation of 
the results. Their study is based on presentation of a single broadband ULF metric 
[XULF]10. This could encapsulate a lot of diLerent processes, and there is no attempt to 
separate them or address what they can’t determine with this metric. There is also no 
evaluation of the frequency of their ULF waves due to the use of a very broadband filter, 
which would be interesting.  

Secondly, there is a lot of speculation around the causes of their results which are not 
adequately backed up by data. There is discussion of electron precipitation without 
electron precipitation data, Kelvin Helmholtz instabilities without data and various 
eLects in the conclusion not mentioned in the main body of the paper, such as the 
unspecified DPY eLect. The study only uses two data sources: [XULF]10 and the Ap 
index. I think the paper overinterprets its data with the evidence they present.  

One of the simpler ways to add clarity to their results would be to use a simple open-
closed field line model to be clear about when their stations were on open or closed 
field lines. At the moment, the only distinction is between summer and winter. For 
example, I would expect the results for the STF magnetometer to look diLerent if binned 
by open or closed field line. This would resolve some ambiguity about the sources of the 
ULF waves, which they do discuss in detail.  

I do think the paper would be worthy of publication, especially as the results are really 
interesting. However, I think either more data needs introducing from other sources to 
back up their speculation, or the speculation should be toned down and investigated 
more thoroughly in a subsequent paper. I also think they could do more with the data 
already presented. Combining the data in this paper with say SuperDARN data or 
electron precipitation data in a future study would yield very interesting results. 

 

Comments:  



1. I think a Figure showing the output of your butterworth filter would be useful. You 
have a very broad range of frequencies here, which implies your filtered 
spectrum could just look like noise. This could also aLect your interpretation of 
your metric as finer frequency structures like FLRs will be mixed with spectrally 
broad features.  

2. You should define [XULF]10 more explicitly, say with an equation of how it is 
calculated. It’s not clear why it’s just measured in nT either. From your 
description, it’s not obvious if [XULF]10 represents a single number of not.  

3. L60 – You mention that you apply a 10 minute moving average filter to get rid of 
spurious 0 values. Why are there 0 values? Is this just the instrument dropping 
out? How does the 10 minute average get rid of this. Don’t you need to do this 
anyway to produce [XULF]10, regardless of thee 0 values? Please clarify.  

4. L55 – Why the northward component? The polarisation of a ULF wave often 
depends on the process, so why did you pick this component? Are your results 
only specific to this polarisation?  

5. Figure 1e. As a colourblind reviewer, I have to say this subplot looks very 
psychedelic to me, making it hard for me to decide if I agree with your 
interpretation about the ULF activity being proportional to AP. Could you please 
use a colour scale that just goes from dark to light, through say just one colour? 
(You choose).  

6. Figure 1c. You seem to get minima in ULF wave activity at 3 and 18 MLT. Any ideas 
why? It even looks like it minimises at 12 MLT. Is this addressed by L116? 

7. In your equatorward station, you don’t seem to have any dayside ULF wave 
activity. I would have expected you might pick up some Field Line Resonances in 
the outer magnetosphere, but you don’t seem to have detected this. Is this 
related to your butterworth filter or choice of [XULF]10 metric? Or do you think 
they really are absent, and do you have a suggestion?  

8. L88 – What is Q? And why is Q 3?  
9. L115 – ‘is well studied in the literature.’ You should put some example references 

to back up this claim.  
10. L128 – When introducing figure 4, you imply it is similar to all the results in figure 

1, which doesn’t like right. It only correlates with the two poleward stations. You 
seem to backtrack on this later in the paragraph. Maybe just put it correlates with 
Figures 1a and 1b.  

11. In Figure 4, you hall conductance significantly increases each year. You haven’t 
put in an explanation for this. Is it solar cycle related?  

12. L140 – You compare your results to Motoba et al. 2019, but you don’t state how 
their ULF observations are taken. This could be significantly diLerent to yours, 
which are very wideband observations, mixing three diLerent categories of ULF 
waves together (Pc3-5). You should confirm how they measured ULF waves to 
see if it’s comparable to your method before making any comparisons.  



13. L151 – ‘ there is a local minimum around 75 deg’ . Local minimum in what?  
14. L182 – ‘the physical distance along the Sun-Earth line between magnetic noon 

and midnight is small.’ Do you mean along the surface of the earth? Or out in the 
equatorial plane of the magnetosphere? Please clarify, it could make a big 
diLerence!  

15. L184 – ‘when the local magnetic field lines start convecting into the interior 
magnetosphere/mantle.’ I’m a bit confused what you’re talking about here. Are 
you referring to the Dungey cycle convection which moves magnetic flux into the 
tail and causes nightside reconnection? That only happens during southward 
IMF. And what is the relevance of the mantle to this discussion?  

16. L190 – There is quite a lot of discussion about your cusp region linking to 
magnetopause processes, but you’ve got no data about the magnetopause here. 
You also state your ULF waves are on open field lines. Where do you think these 
map too. The magnetosheath which is turbulent? Could this be your source? Are 
they recently opened field lines, but these would only occur here for southward 
IMF. You suggest the waves aren’t generated by reconnection, which I agree with 
from your data. In the following paragraph, you mention these could be related to 
Alfven waves in the outer magnetosphere, but you’ve just said you think your 
waves are on open field lines. There’s also a mention of magnetopause surface 
waves for the first time at the end of this paragraph on L201. In summary, I’m 
confused what your argument is on page 8. Please revise and make it clearer 
what you are trying to say.  

17. L212 – A reference or two about generating ULF signals in the ionosphere would 
be good. Say Huges and Southwood (1976).  

18. I didn’t understand the relevance of the paragraph starting around L215 to this 
study. Please clarify why a discussion about KHI is needed.  

19. L235 – I don’t see how you can make this claim without any data. You have no 
electron precipitation data. In fact you only have broadband ULF data and Ap.  

20. L252 - What is DPY? There are several phenomena mentioned in this paragraph 
for the first time. What is the Svalgaard Mansurov eLect? You haven’t mentioned 
this before either.   

 

Typographic Comments  

1. In the title, ‘from ground’ > ‘from the ground’ is better.  
2. L14 – delete ‘many to come’ from example references.  
3. Figure 1 – the white subplot labels are a bit unclear. It would be clearer if your 

subplot labels were not actually on top of the data. They could go on the left say, 
you have a little highlighted box over them. You choose, just make them more 
readable.  



4. Theta_c in Figure 1 is not explicitly defined in the caption or text. Is this the IMF 
clock angle? 

5. L129 – No need for a semicolon. Just make this two sentences.  
6. L129 – No need for the semi colon here. Split into two sentences.  
7. L168 – ‘an ULF’ > ‘ a ULF’  


