
 

 

Reply to Reviewer 2 

We thank the Reviewer for the comments, which we address below.  Reviewer comments are 

reproduced, and given in italic. Line numbers refer to the original manuscript. 

121-123: This seems to be a suggestion rather than a conclusion. I suggest rephrasing this 

sentence. 

 

We assume that the Reviewer means the sentence starting at line 122 (in the original 

manuscript), since the sentence at line 121 starts with “We conclude”. We have simply removed 

the second sentence. 

 

Lines 130-134: ‘We will define an event as a magnetic hole event if a localized magnetic field 

decrease is below -0.5 in either the solar wind or the magnetosheath region, and there is a 

similar structure with a decrease of at least -0.4 in the ’complementary’ region (in this case the 

solar wind.)’ These seem to be arbitrary numbers. Is there a physical reason for this choice? 

Do the results presented in this work vary significantly if the authors consider different values 

for the magnetic field decrease in both regions? 

 

A decrease of 50% from the background magnetic field is more or less the standard definition 

of a magnetic hole, used in many studies before [e.g. Winterhalter et al., 1994; Sperveslage et 

al., 2000; Volwerk et al., 2020; 2021; Karlsson et al., 2021]. It is logical to adhere to this 

standard, but we agree that this should have been commented on. We now mention this 

explicitly. We could of course have demanded this level for both magnetic holes in an upstream-

downstream pair, but we felt that this was unnecessarily restrictive, since both the upstream and 

downstream spacecraft may not sample the holes equally close to their minimum magnetic field. 

Relaxing this criterion a little bit for one of the magnetic holes increased the already small 

database a little (five extra events.) We have added a brief discussion on this. 

 

Figure 3: How do the authors distinguish between magnetic holes (particularly rotational 

magnetic holes) in the solar wind and current sheet crossings (e.g, heliospheric current sheet 

crossings)? 

 

The short answer is that we don’t. Rotational magnetic holes may very well be (more or less 

active) current sheets, as we have already mentioned in the Introduction (line 21). However, 

earlier results have shown that there is a continuous distribution of rotational angles over the 

magnetic holes, and only a rather small tail have the really large rotations that would be 

associated with a crossing of the heliospheric current sheet. Note also that many current sheets 

would not necessarily be associated with a magnetic field minimum, e.g. a tangential 

discontinuity with no ongoing reconnection. 

 

Line 246: The authors stated they identified 26 events of interest. I think it would be worth 

adding the amount of data that has been analyzed to be able to find them. How often magnetic 

holes are observed by Cluster? 

 

The main factor that determines the number of events is the relative rarity of the Cluster 

spacecraft configurations where one spacecraft is located upstream of the bow shock, while 

another one is in downstream region. Suitable spacecraft configurations were typically found 

during February-April during the years 2003, 2006, 2009, 2011, 2013, 2015, 2016, and 2019. 



 

 

For each orbit, a suitable spacecraft configuration was typically available for less than one hour. 

This explains the relatively low number of events used in this study. Generally, Cluster is able 

to observe magnetic holes frequently; Xiao et al. [2014] found an occurrence rate of 1.8 per 

day, also consistent with an occurrence rate of 2 per day based on MMS observations [Volwerk 

et al., 2021]. We have added a brief discussion on this. 
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