
 

Response to reviewer comments 

Toft, H. B., Verplanck, S. V., and Landrø, M.: How hard do we tap during snow stability tests?, 

EGUsphere [preprint], https://doi.org/10.5194/egusphere-2023-2921, in review, 2023. 

Responses are provided using red text. 

Review 1 – Frank Techel 

1 General remarks  

The study analyzes the (un)reliability related to the force applied during hand tap tests by almost 300 

avalanche practitioners, using a device which simulates performing a snow stability test like a 

Compression Test (CT) or Extended Column Test (ECT). Beside the analysis of force measurements, the 

study also briefly addresses potential explanatory factors for observed variations in the applied force (like 

body height). Based on the results, the authors propose that (a) the instructions for performing these tests 

should be revised and that (b) the interpretation of test results should be revisited.  

The subject matter of the paper primarily appeals to the snow avalanche community, particularly to 

avalanche practitioners. While the paper is overall generally easy to read, there is a need for reorganizing 

its structure. Certain sections, such as the Introduction or Methods, lack essential context or references. 

Additionally, parts of the discussion tend to repeat information already presented, and in some instances, 

they offer background that would have been beneficial if introduced earlier, i.e. in the Methods section. 

The technical setup, the extraction and analysis of the force measurements are clearly described, and the 

applied methodology seems appropriate.  

The subject matter is not novel as, recently, two studies addressed practically the same topic using a 

(rather) comparable approach (Sedon, 2021; Griesser et al., 2023, summarized below). However, the 

presented study has the advantage of relying on a likewise large sample (N = 286 vs. N = 69 and N = 62, 

respectively). While the similarities in study design and results clearly decreases the novelty of the 

research, from my perspective, the study still warrants publication, if it were to focus more strongly on 

the (un)reliabilty of applying force when performing these tests, and on how to mitigate these effects. 

While the authors do propose potential ways forward, their propositions unfortunately remain vague 

rather than providing more specific, applicable recommendations. However, I feel that the authors are 

actually in a good position to provide data-driven actionable recommendations based on the results 

obtained from their own comparably large data-set, which is fully supported by the findings from the two 

other studies. This would considerably strengthen the submission, by adding novelty and by linking 

science to practice. To reach this objective, a number of changes would be necessary in the manuscript, 

which I explain in more detail below.  

Thank you for your thorough review. We found your comments very constructive. We have tried our best 

to revise our manuscript in accordance with your suggestions. In the places where we disagree, we have 

tried to provide a thorough explanation of why. We hope that you will find that the responses sufficient 

for publication. If you should find that our responses are insufficient, we welcome further feedback on 

how to improve it. 

1.1 General comments  

1.1.1 Previous research and specification of research gap.  

My most important remark relates to the similarity of the research with the two previous studies:  

- Sedon (2021) used a setup very similar to the one described here, where force was measured 

directly on the force measuring device. Sedon (2021) also explored the correlation between the 

applied force with explanatory factors like the persons’ height, anger, or hand. Sedon (2021) 
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made some propositions on how to increase consistency, as for instance by applying force 

dropping a ski pole from a specified height rather than using the hand to tap.  

- Griesser et al. (2023), which was also co-authored by the main author, focused on measuring the 

stress observed in the snow, but also presented some measurements where force was applied 

directly to the device. The main differences between these parts of the studies seems to be the 

device used for measurements and the number of participants. Moreover, the data presented here 

was also used by Griesser et al. (2023) to compare the two devices. Moreover, Griesser et al. also 

explored variations in tapping force as a function of the persons’ body features.  

From my perspective, the methodologies (though using different devices) and findings are remarkably 

similar between these studies, even though absolute force measurement values differ (due to the device, I 

guess). For instance, the findings presented in Figure 4 are similar to the findings presented in Figure 10 

in Griesser et al. (2023), and in Figure 2 in Sedon (2021). The same seems true for factors potentially 

explaining the variation between participants (like a persons’ body height). In other words, there is 

considerable overlap between these three studies. Unfortunately, these studies are either not referred to 
(Sedon, 2021), or are only briefly mentioned (Griesser et al., 2023, L112-114). However, introducing 

these previous studies in greater detail is necessary to specify the research gap, and hence the research 

questions, and to evaluate the presented findings with regard to the mentioned previous research.  

We will introduce these studies more in detail in the revised manuscript. We will also include a new 

subsection in the discussion comparing our results with Griesser et al. (2023) and Sedon (2021). We will 

focus on the relative difference as you suggest, as absolute values of peak force are not comparable (see 

explanation for sampling rate). 

As I said above, I feel the authors could turn the similarity between studies into a strength of this 

submission. I provide more recommendations below.  

We agree that we did not present, nor compare the similarity between these studies as we should have in 

the initial version of the manuscript. We believe that there are some important differences, and we would 

like to note some of our main contributions below (more details in the specific comments). 

Sample size and geographic distribution. 

Griesser et al. (2023) measured 62 participants at the European Avalanche Warning Services (EAWS) 

conference in Davos, Switzerland. Sedon (2022) measured 69 participants from the Southern Hampshire 

Alpine Snow Conference in Wanaka, New Zealand.  Sedon’s study was not published in a peer-reviewed 

journal. Our study has a larger sample size of 286 participants spanning the Alps, Scandinavia, western 

United States, and Canada. Thus, providing a more varied sample when it comes to avalanche climate 

(where the test is used) and differences in avalanche specific training (how the test is performed). 

Higher sampling rate (100 Hz vs. 50 kHz).  

We use a higher sampling rate which enables us to measure the peak force more accurately. This is the 

most likely reason why we see so large differences in mean values from peak force compared to Griesser 

and Sedon, see a more detailed description in the specific comments. 

Survey results. 

Sedon and Griesser et al both test for effects of body characteristics. Their analyses consist of bivariate 

tests, i.e., testing if people who are heavier tap harder, and if people who are taller tap harder. A problem 

with this approach is that, since height and weight are correlated, the tests do not reveal which of the two 

factors that are more important, or if height (weight) affect tap hardness at a given weight(height). We test 

for effects of individual characteristics in a multivariate regression. Like Sedon and Griesser et al, we find 

significant effects, if we only include weight or height. However, when we add gender, these effects 

disappear. In other words, gender appears to be the most important factor. Due to our small sample size, 

statistically speaking, and the risk for low power and attenuated effects, we refrain from drawing too far-

reaching conclusions from this result. 



 

Observation of impact duration/loading rate. 

An additional novelty in our study is an observation of loading rate during hand taps. It has been 

established that snow’s response depends on the loading rate (Shapiro et al., 1997). Thus, peak force 

alone is not enough information to accurately model snow’s response dynamic loads. Snow subject to 

shorter duration impacts (~1 ms) have been observed to attenuate at shallower depths than show subject 

to longer duration impacts (~10 ms) (Verplanck and Adams, 2023). Loading rate has also been shown to 

influence crack initiation in weak layers of snow (Reiweger et al. 2015). Furthermore, observing both 

peak force and loading rate will enable the specification of a boundary condition for future modeling 

efforts of the CT and ECT. 

Verplanck, S. V., & Adams, E. E. (2023). Stress Waves Through Snow Columns. International Snow 

Science Workshop, Bend, Oregon. 

Reiweger, I., Gaume, J., & Schweizer, J. (2015). A new mixed-mode failure criterion for weak snowpack 

layers. Geophysical Research Letters, 42(5), 1427–1432. https://doi.org/10.1002/2014GL062780 

1.1.2 Title  

The title assumes that the reader is part of the "we"? How about something like: "Addressing the 

(un)reliability of force applications during snow stability tests". 

We will change the title to “How hard do avalanche practitioners tap during snow stability tests?” to 

avoid using the term “we”. The reasoning behind our title selection is that our study is focused on 

observation of how hard practitioners tap during snow stability tests, not addressing the reliability of 

snow stability tests. 

1.1.3 Introduction - Section 1  

The Introduction seems to assume that the reader is already fairly familiar with stability tests, what they 

are and how they work. However, most NHESS readers are likely not familiar with these tests. Therefore 

the Introduction requires more general background.  

We agree that the introduction could benefit from a broader explanation of stability tests. We will 

improve the introduction section by expanding with more general background on stability tests. 

For instance, the introduction starts with the definition of snowpack stability (L22) rather than by 

introducing avalanche hazard in a more general context, leading to the factors, which define avalanche 

hazard (like snow stability), followed by what 2 snow stability is, and how it can be assessed. The latter 

point is addressed on L36-41. In contrast, I am not sure whether introducing the four classes of snowpack 

stability, the matrix used by forecasters to assess the danger level, and an example for using stability 

classes in the matrix (L26-34) is really relevant for the topic of increasing the reliability of hand tap tests.  

We did not describe the intent of our paper as clearly as intended, thank you for proving this feedback.  

The intent of our paper is not to increase the reliability of hand tap tests, but rather to characterize the 

impact curve and quantify the variability of the hand tap loading method. This variability may affect the 

tests results and thus, our understanding of the stability of the snow cover. Ultimately, this can influence 

the forecasted avalanche danger level and backcountry decision making. We will add some sentences to 

reinforce this message. 

Two stability tests, the Compression Test (L49) and Extended Column Test (L54) are introduced, without 

explaining what these tests aim to detect, and how this is being achieved. Regarding the first of these two 

points, Birkeland et al. (2023) provides a nice summary of the questions being addressed when 

performing these tests, which may be useful: «1) Is there a slab over a weak layer?, 2) Can we initiate a 
failure in the weak layer?, and 3) Will the crack propagate?» Moreover, a description and figure 

displaying the dimensions of these two tests would be helpful before listing the tapping instructions. Such 
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a figure could also facilitate explaining the compression of snow when tapping, fracture initiation in a 

weak layer, and fracture propagation.  

We will add a diagram of these two tests to the introduction. 

L48: please make the distinction between Rutschblock test and CT/ECT clearer (one is loaded by the 

weight of a human; the others are hand tap tests).  

We will make this distinction between RB and CT/ECT loading in the revised manuscript. 

L63-83: Three examples for tapping instructions are provided. I suggest mentioning that these are 

examples, as instructions may vary even more, as, for instance in Switzerland, where the instructions are 

simply: «The blade of the avalanche shovel is placed on the block on one side and successively loaded 

with 10 hits each from the wrist (01-10), the elbow (11-20) and the shoulder (21-30).» (Dürr and Darms, 

2016, p. 46). Consider shortening the instructions, as the American description is included to 100% in the 

Canadian instruction, though the latter contains an additional sentence for elbow and shoulder taps (which 

you could highlight using italics, if you like).  

We will mention that these are examples, include the Swiss instruction and shorten where possible. 

L84-102: It is certainly helpful to provide a brief summary of current approaches to interpret test results. 

However, I wonder whether the level of detail regarding the interpretation schemes proposed by Winkler 

and Schweizer (2009) and Techel et al. (2020b) is necessary for this study, or whether this could be 

summarized with fewer words. Again, it may be helpful to refer to the recent summary of stability tests 

by Birkeland et al. (2023). There are also some studies, which explored the repeatability of obtaining a 

similar test result at the scale of a snow pit, as for instance for the CT, which is most related to your setup 

(Schweizer and Bellaire, 2010).  

The ECT and CT are tests that are used extensively by practitioners in the field. Our results have 

implications for the conclusions drawn from test results. Since practitioners are the ones drawing these 

conclusions, we have tried to write the paper in a way that it is easy to read. We believe the evolution of 

the interpretation of the ECT test is important background information in this context. We have therefore 

chosen to keep the description in the text. If you disagree, we are willing to shorten it. We will refer to the 

recent summary from Birkeland et al. (2023) in the revised manuscript. 

L109-114: Please provide more detail on this previous research as it is highly relevant for your study, 

permitting you to address open questions and or deficiencies in these studies, and, thus, specifying the 

research gap and, consequently, your research questions.  

We will expand on this by including more details on the study from Logan, Griesser and the descriptive 

study from Sedon. 

L116-119: I suggest rephrasing the objectives of your study given my previous comment.  

The topic of our paper is not to increase the reliability of hand taps test, but rather to characterize the 

impact curve and quantify the variability of the hand tap loading method. We propose some ideas for 

further discussion in the “calls to action” section, which we plan to move to the discussion, but making 

hand tap tests more reliable is out of the scope of the study.  

L118-119, L121-126: When reading the manuscript, it was rather surprising that you suddenly address the 

objective of providing data for mathematical modeling of stability tests, which was not mentioned before. 

If this is really an objective, please be more specific why it would be necessary to model stability tests, 

and where the research gap is, which you are trying to address. Introduce the research gap before you 

bring this objective. 

We will address this earlier in the revised manuscript by including a paragraph to the effect of: 

Stability tests are meant to simulate the avalanche release process on a small scale. The key to connecting 

stability tests with slope-wide avalanche mechanics is a mathematical model of the stability test. To date, 



 

most of this has been done with the PST. A key component of the ECT is the hand-tap loading which 

creates a boundary condition for a mathematical model of the ECT. Although this paper does not attempt 

to create a mathematical model of the ECT, characterizing the impact curves are an important step 

towards modeling the ECT. 

1.2 Methods - Section 2  

Section 2.1 The device: tap-o-meter introduces the technical details regarding the developed device. I 

wonder whether L308- 317 could be moved from the Discussion and could be integrated into the 

respective paragraphs in this section. I feel this applies also to L298-306, which, however, could be 

shortened considerably.  

We will move these sentences to the discussion as suggested. 

Section 2.2 Data collection process L163-166. Please provide further details: Did you provide instructions 

prior to tapping experiments? If so, what were these instructions? Please mention the date and number of 

participants at each of the events, maybe in a small table. Show the total number of participants (if I am 

not mistaken, you only mention this number in the abstract?). After all, the sample size is a strength of 

your study.  

We will expand section 2.2 by including what instructions were given, and a table with date and number 

of participants for each event (and total). We did not have a script. We told participants to select a glove 

(or no glove) to what they would use in the field, visualize themselves in a snowpit, and tap like they 

were doing an ECT. 

Section 2.2 Data processing Mention in Figure 2 that this is an example. Consider removing the second 

and third sentence from the caption, as this information is provided in the text (L208-209).  

We will mention that this is an example. Figure captions should be descriptive enough to stand by 

themselves, and in this case a few sentences were needed. We will shorten the figure texts if the reviewer 

has a strong opinion that it should be otherwise. 

I feel that Section 4.1.3 Metric Selection could be integrated into Section 2.3, as it describes why peak 

force and loading rate are chosen and no other metrics, which are introduced in this section. 

We will move section 4.1.3 to section 2.3 as suggested. 

I suggest adding another subsection titled Statistical analysis, or similar, where the modeling approach 

could be described (L255). In this section you could also introduce the statistical test you are using, and 

what p-value is considered as significant.  

We will include a short subsection on the statistical methods in the revised manuscript (simple OLS, t-

tests and 5% p-value threshold). 

1.3 Results - Section 3  

1.3.1 Tapping force  

Currently, in the text (L220-240) you repeat most of the results, which are also shown in Tables 1 and 2. 

As a reader, I feel this is not very informative. Instead, I propose to select and highlight the key findings 

like that the median force doubles from one class to the next. This doubling of force values from one class 

to the next is an interesting result. It is also fully in line with Sedon (2021) and Griesser et al. (2023). I 

would make this much more obvious to the reader.  

I propose to combine L220-240 with Section 3.1, as it all relates to force measurements.  

We will rewrite L220-240 and focus on key findings as suggested and integrate it with section 3.1. 



 

Regarding these results, which I believe represent the key findings of the study, I allow myself to propose 

an alternative way to present the results (Figure 1). Maybe a Figure similar to this could assist in 

summarizing the results, when proposing a «normal» or typical force for each tapping level, and, may 

thus help to highlight deviations from the «normal», and what such deviations may mean: You have a 

data set comprising about 2800 taps per tapping class, from avalanche professionals from different 

countries (which I would emphasize as an additional strength of the data set). Given your data, you could 

define a «tapping norm» according to the force applied by the majority (you already mention something 

like this on L359), by choosing optimal thresholds between classes wrist, elbow, and shoulder. In your 

case, these may be close to the IQR shown in Table 1 and Figure 4. In addition, there could be two classes 

with taps lower than the desired minimal value for wrist taps (shoulder). You could then show the 

proportions of observed cases in each bin. - This would be a very visual way to show the distribution of 

the data, the frequency distribution and magnitude of «errors» (or variation) in terms of their 

correspondence with a majority force «norm». Moreover, you could use such a figure to describe the 

proportion of participants who had all their taps lower (i.e., cells with red cross) or higher (cells with blue 

circle) than what you would define «normal». In other words, participants tapping with a force falling into 

the red-cross cells, essentially lack an entire level of force values when performing the test, while 

participants tapping with force values in the blue-circle cells, add ten taps harder than the force normal for 

shoulder taps. (maybe again twice as hard?). This will obviously impact snow compaction, and, hence, 

the force exerted on potential weak layers.  

 

Figure 1. Proposition to visualize, analyze and discuss results on tapping force. Cells could be highlighted 

to mark the force, which should ideally be applied.  

Thank you for an interesting idea. While both visualizations have their place, we believe the boxplots are 

generally more intuitive for a broad audience due to their simplicity and familiarity. While confusion 

matrices have their own strengths in showing relationships between the “majority force norm”, they might 

not be as easy to interpret as practitioners are less familiar with them. However, we do think the table you 

suggested could help us demonstrate the overlap between tap levels even though the tap levels are 

statistically different and will therefore include it in the appendix. 

Table example: 

 < 50 N 50 – 123 N 123 – 245 N 239 – 481 N > 481 N 

Wrist 24.74% 58.09% 16.42% 0.74% 0.00% 



 

Elbow 1.02% 23.99% 49.77% 23.85% 1.37% 

Shoulder 0.03% 3.10% 22.07% 49.75% 25.05% 

 

 

1.3.2 Survey  

In Section 3.2, the method of multivariate regression is mentioned (L255). Please introduce this method 

with sufficient detail in the Methods section.  

We will introduce the method in the methods section in the revised manuscript. 

On L361-370, some results are described, e.g. «... weight and height are significantly and positively 

correlated with tap force...». However, no numbers are presented. If possible, please provide more detail 

on the results.  

We will expand on this in the revised manuscript with p-values in text and tables in the appendix. The 

reason we did not include these details in the original manuscript was that we did not want to emphasize 

these results as they were not significant when using a multivariate model. There is correlation, but when 

including gender in the multivariate model, the weight and height lost their significance.  

As the model(s) seemed to have little explanatory power (though again no numbers are shown) (L366), a 

bi-variate analysis was performed. I suggest to compile the results from this analysis in a table, showing, 

for instance, median values for each analysed group and tap level, and whether these were significantly 
different. This table could either be presented in the main part of the paper, or in the Appendix. Presenting 

these findings in a more accessible manner will also distinguish your study from Sedon (2021) and 

Griesser et al. (2023), who also primarily mentioned these results briefly in the text. Moreover, it will be 

easier to refer to specific results when taken them up and comparing them with the respective findings 

presented by Sedon (2021) and Griesser et al. (2023) in the Discussion section.  

We will add supplementary tables for the different statistical analysis performed in the appendix and 

include statistical numbers in the survey section. 

1.4 Discussion - Section 4  

1.4.1 Discussion of limitations due to force measuring device  

In Section 4.1, the force measuring device is being discussed. Several paragraphs could probably be 

moved to the Methods section, as proposed before. Instead, it could be discussed that the use of different 

devices likely leads to differences in absolute force values in the three studies.  

We will move some paragraphs to the methods section in the revised manuscript as suggested earlier. 

We will include a paragraph about why the difference in sampling rate likely leads to differences in 

absolute peak force values in the three studies.  

To explain the concept, we have allowed ourselves to provide a visual example below for the reviewer 

response. We do not plan to include this figure in the revised manuscript.  

We don’t believe the differences in peak force measurements is due to the device itself, but rather the 

sampling rate. To calculate what an adequate sampling rate is, we need to know the loading duration of 

the signal we would like to measure.  

We provide a simplified visual example using a gaussian curve with a loading duration of ~0.025 s. We 

compare sampling rates between 125 Hz and 1,000 Hz for a hypothetic impact curve. In this example, a 

sampling rate of 125 Hz would measure the peak force to be between 20-125 N (~70 N on average), 



 

while a sampling rate of 1,000 Hz would measure 125 N. This example highlights the importance of 

sampling rate if we are interested in accurate impact force measurements that can be used to compare 

different individuals, or between devices.  

 

 

The figure shows four examples of sampling rate from 125 to 1,000 Hz. Lower sampling rates are less 

likely to accurately capture the peak value as its random where the measurement is being made on the 

curve. The average value for each sample rate is noted in red (bold). 

Because Griesser et al. 2023 are not able to accurately measure the peak forces (unknown for Sedon, 

2020), they are also not able to accurately measure loading rate with their devices’ lower sampling rate 

(which differs for different tap levels).  

We have written this about our reasoning for our sampling rate in L157-161: 

“To determine an appropriate sampling rate, knowledge of the impact signal is critical. We are most 

interested in the peak force and loading rate leading up to it. Preliminary testing showed that this rise 

time is fastest for the shoulder taps and can happen as quickly as a few milliseconds. Conservatively 
assuming this rise occurs over 1 millisecond, a sampling rate of 50 kHz leads to 50 samples in this 

critical measurement period. A number deemed sufficient for our purposes and within the capabilities of 

the measurement system.” 

To decrease variability in applied force during tapping, you propose that a training device could be 

developed, providing participants with feedback on their tapping during training sessions (L406-408). 

This is a useful proposition. However, as there is no standard for building such a device, potentially 

leading to variations in measured force due to the device, it would be valuable if you could provide 

appropriate drop heights using a specific weight to obtain the median force values obtained for the three 

tapping classes. If new devices were being built, their sensitivity to force measurements could be 

compared to your device, which would allow integrating your recommendations on typical force values 

associated with wrist, elbow, and shoulder taps.  



 

If a training device is considered to be the best solution to reduce tapping variability, we hope that our 

methods section includes sufficient information to build such a training device. 

The scope of our paper is to quantify how hard practitioners tap, not how hard they should tap. We will 

make this clearer in the revised manuscript.  

Lastly, it would be challenging to suggest drop heights for specific objects. The peak force and loading 

rate are coupled and depend on the object’s mass, the drop height, and the materials that are in contact 

during impact. Not only mass and height would need to be recommended, but also materials and possible 

use of cushion like material to recreate both peak force and loading rate of hand taps. Verplanck and 

Adams (2023) attempted to match the impact curves of hand taps using an acetal mass, foam cushion, and 

aluminum plate. However, they attempted to match their own hand taps, not the averages presented in our 

study. 

To achieve more consistent tapping in the field, you briefly mention that known weights could be used 

(L408-409). This is also in line with the proposition by Sedon (2021). Again, it may be worthwhile to 

provide specific recommendations, like the actual drop height of a ski pole, needed to achieve a desired 

impact force.  

Thank you for pointing this out. A key component we did not mention here is the impact duration/loading 

rate. See also the explanation above. We will improve this sentence by saying that weights at specific 

heights could be used, but it would be challenging to standardize. We would have to define material and 

possibly a cushion like material to make this a viable option, matching both the peak force and loading 

rate of hand taps. 

1.4.2 Comparison with findings in other studies  

I suggest including a subsection where you compare your results with the findings in Sedon (2021) and 

Griesser et al. (2023). For instance, you could show a small table with the median force values from the 

three studies. As all three studies show an approximate doubling of the force from one tapping class to the 

next, you could propose an addition to the instructions (L66-82) by a statement like «Tapping should be 

about twice as hard for elbow taps as for wrist taps». This would be a very practical advice, and, 

potentially, be more useful than the Canadian description cited on L72-73.  

We will include a new subsection comparing our results with Griesser et al. (2023) and Sedon (2021) as 

suggested. We will focus on the relative difference as you suggest, as absolute values of peak force are 

not comparable (see explanation for sampling rate). We will not include a statement on how hard taps 

should be as this is outside the scope of this paper. 

I also suggest to briefly summarize and compare the findings from the corresponding surveys relating 

age, body size, ... to tapping force. Again, this may potentially lead to some recommendations for 

practice.  

We will add a paragraph comparing the main results from the survey data and the details of the statistical 

analysis in the appendix. The main finding is that only gender is statistically significant. Body features is 

also correlated with tap force, but when included in a multivariate analysis with gender, they disappear. 

We believe the correlation for body features is likely due to men being in general taller, and heavier.  

You introduce the instructions taken from the observation guidelines in detail, which had me expect that 

there are differences between U.S., Canadian, and Norwegian avalanche professionals. However, this 

didn’t seem to be the case. Please take up and discuss this finding. What does this apply for the 

interpretation of test results?  

We will include a section on this in the revised manuscript. We do not find any regional differences in 

tapping force from Scandinavia to the Alps to North America. However, our predictive power is low. This 

could be due to our small sample in a statistical context (n=286).  



 

On L15-17, L370-371, and at a few more places, you emphasize that the variability of tapping force 

between participants questions the reliability of these results. Please discuss this in more detail. Please 

also provide more detail on why your interpretation of the results is different to Griesser et al. (2023, p. 6) 

who obtained very similar results but concluded: «We could show that the differences between different 

test persons was surprisingly narrow, ...» I feel this different view on results is particularly interesting as 

the main author participated in both studies.  

To address the differences in interpretation between our findings and those of Griesser et al. (2023), we 

should review the data and its implications in the context of avalanche decision making where the 

consequence is high, and the margin of error is small. 

Even though a one-way ANOVA results in a P-value lower than 0.01, indicating that there are (without 

doubt) statistically significant differences between the three loading steps, mirroring the findings of 

Griesser et al. (2023). Our interpretation is different due to the emphasis we place on the variability of 

tapping force across participants. This variability, even though they are statistically different, raises 

concerns about the reliability and applicability of the average results to individual cases, especially in 

scenarios with the potential for fatal outcomes. 

The main difference in our argument lies in the inherent risk of relying solely on mean statistics in 

avalanche terrain which is a risky environment. While Griesser et al. (2023) highlights the narrow 

differences as a positive outcome, we focus on the implications of the differences more critically. The 

presence of significant overlap between the 25th-75th percentile ranges of force applied during elbow 

taps with those of wrist and shoulder taps, where ~24% of the data for elbow taps overlaps with wrist and 

shoulder taps respectively. These overlaps could have practical significance in real-world applications. 

Our interpretation aligns with the principle of 'err on the side of caution,' especially in fields where the 

consequences of errors can be catastrophic. 

We will include more details in the discussion in the revised manuscript. 

1.4.3 Discussion of impact force  

L355-357: You mention that in Canada, there is no advice on how hard one should tap. However, neither 

of the other two instructions shown on L63-83 state these. Please rephrase.  

We will rephrase this sentence in the revised manuscript. 

L358-359: As outlined above, instead of mentioning that such an approach could be undertaken, I propose 

to do so, and show the results. I feel this would considerably strengthen your manuscript.  

The scope of our paper is to measure the magnitude and variability of impact forces from hand taps, not 

how hard they should be. We do provide some ideas moving forward (calls to action), where one includes 

standardization. One method to do this could be by defining some thresholds for hand taps, combined 

with training. 

If we used our data to define these thresholds, we would imply that a “Wisdom of the crowds” (WoC) 

approach is the best way to define the correct tap levels. The risk of using WoC to define the thresholds 

for impact force is that they could have drifted away, or never been equal to the impact forces the authors 

of the test originally intended to capture. Furthermore, the “wisdom of the crowds” approach may lead to 

recommended tap forces which are too light, particularly for the taps from shoulder. Many avalanche 

practitioners are of the mind that the goal of “stability tests” is to hunt for instability. If we recommend 

shoulder taps that are too light, this could lead to the dangerous outcome of an increase in false stable 

results. We believe it should be a discussion among the tests’ creators, the scientific community, and the 

practitioner community to define thresholds, guidelines, and test interpretation. 

 



 

1.4.4 Ways forward  

To me, Section 5.1 Calls to Action, currently in the Conclusions, should be moved to the Discussion 

section.  

We will move section 5.1 (Calls to action) to a section in the discussion titled “Future topics of discussion 

for improved standards” to make it clearer to the reader that recommending how the standards should be 

updated specifically is out of the scope of work. 

Assuming that you show more clearly the limitations due to variability in tapping force, I agree that it is 

important to propose result-driven ways forward. Consider whether making it more clear that the 

proposition of reducing tapping force variability through the use of training and an appropriate tool (Sect. 

5.1.1) is the more relevant proposition compared to the second way forward. As mentioned before, I also 

suggest taking up the proposition by Sedon (2021), who proposed dropping a ski pole or another piece of 

equipment normally carried in the field from a certain height to achieve more reliable tapping.  

There are challenges with both directions. It would be challenging to develop a test routine that uses 

equipment normally carried in the field due to the different loading rates for different tap levels. The peak 
force and loading rate are coupled and depend on the object’s mass, the drop height, and the materials that 

are in contact during impact. Not only mass and height would need to be recommended, but also materials 

and possible use of cushion like material to recreate both peak force and loading rate of hand taps. We 

will elaborate on this in the revised manuscript. 

I believe that your data, combined with the two other studies, allows you to make recommendations to the 

tapping instructions. Doing so would make a nice link from science to practice.  

See response above to L358-359 (section 1.4.3, Discussion of impact force). 

Regarding your second proposition, - reducing the interpretation of test results by excluding the tapping 

force (L410-419), please provide a more thorough discussion. Please discuss why this proposition may be 

warranted, and why not. For instance, in the two cited studies (Winkler and Schweizer, 2009; Techel et 

al., 2020b), which relied on Swiss data (dozens of different observers) but also in Techel et al. (2020a), 

which in addition made use of North American data (probably hundreds of different observers), tapping 

force showed to be a relevant discriminator, though (clearly) at a much lower level than fracture 

propagation. Moreover, reducing the interpretation of ECT test results to fracture propagation is prone to 

misinterpretations too: for instance, Techel et al. (2016) showed that side-by-side ECT showed 

contradictory propagation results 20% of the time. - For these reasons, please provide a more in-depth 

discussion of your proposition. And lastly, along this line, it may be worth repeating, what Birkeland et 

al. (2023) wrote: «Stability tests provide important data for stability evaluations during times of 

conditional stability. However, no test provides a definitive go/no go result. With accuracies of around 

80%, tests are obviously not reliable enough to bet your life on them». 

We will include a larger discussion around our second proposition of limiting the scope of the test. 

Our second proposition comes from the implication of defining predictor thresholds based on impact 

forces from a large database of ECTs. The concern is that the wide range of variability in impact force 

observed in our study makes these average-based thresholds relatively weak indicators. The thresholds 

make sense when analyzing large amounts of data (e.g. in the context of avalanche forecasting), but not 

when applying the average results to individual cases. 

One example could be whether it’s valid to interpret ECTP20 differently compared to ECTP24 in 

individual cases, given the large discrepancies in tapping force.  

We acknowledge that the interpretation of ECTP vs. ECTN is not straight forward either, but our opinion 

is that it is less affected by the variability of hand taps and is therefore a more consistent limitation that is 

unrelated to the impact force of the hand taps themselves.  



 

Another example showing that the interpretation of ECT has gone towards a simpler approach, rather than 

collecting as much data as possible was the removal of shear quality and fracture characteristics from the 

ECT. This shows that the authors of the ECT previously have made changes to make it easier to interpret 

the test (Simenhois et al. 2018) at the expense of leaving potentially relevant information out. 

Simenhois, R., Chabot, D., Birkeland, K. and Greene, E. (2018). Shear Quality or Fracture Character with 

an Extended Column Test – No Longer in SWAG or SnowPilot. 

1.4.5 Limitations  

I suggest to shorten and move several parts of the Discussion to a Limitations section. This may include, 

for instance, L326-332.  

We will review the discussion section and move relevant parts to the limitations section as suggested. 

1.5 Abstract and Conclusions  

I suggest rephrasing Abstract and Conclusions after revising the manuscript.  

We will rephrase the abstract and conclusion in the revised manuscript. 
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Review 2 – Ron Simenhois 

2 General remarks  

Dear Håvard and co-authors, dear Editor Yves Bühler, 

I thoroughly enjoyed reviewing this manuscript, which presents an impressive dataset with substantial 

depth. The insights derived from the data have the potential to significantly enhance our understanding of 

"surface-loading" stability test results. 

While the manuscript holds promise, there are opportunities to enhance its readability and overall quality 

through a few modifications. Here are some general comments, with more specific feedback available in 

the attached document. 

Thank you for your thorough review. We found your comments very constructive. We have tried our best 

to revise our manuscript in accordance with your suggestions. In the places where we disagree, we have 

tried to provide a thorough explanation of why. We hope that you will find that the responses sufficient 

for publication. If you should find that our responses are insufficient, we welcome further feedback on 

how to improve it. 

2.1 General comments 

2.1.1 Introduction: 

The authors refer to several other papers. A clearer explanation of how these references relate to the 

current manuscript would enhance reader comprehension. A brief sentence or two elucidating the 

relevance of these references will improve the readability of this manuscript. 

We will add some sentences to highlight the importance of each reference. 

The manuscript could benefit from explicitly stating what new contributions it brings to the existing body 

of knowledge, building upon already published material. 

This was also brought to our attention from reviewer 1. We will make it clearer what our contributions are 

in the revised manuscript. Please see our response to Reviewer 1 in section 1.1.1 above. 

To summarize, we have a larger dataset spanning from Scandinavia, the Alps, Canada and United States. 

We have a sampling rate which enables an accurate measurement of peak force, as well as loading rate. 

Although what happens below the snow surface is out of scope of this paper, loading rate is a critical 

component for stress wave transmission through snow (Verplanck and Adams, 2023) and fracture 

initiation in a weak layer (Reiweger et al. 2015). We also provide more robust statistics by using 

multivariate models instead of simple regression. 

Verplanck, S. V., & Adams, E. E. (2023). Stress Waves Through Snow Columns. International Snow 

Science Workshop, Bend, Oregon. 

Reiweger, I., Gaume, J., & Schweizer, J. (2015). A new mixed-mode failure criterion for weak snowpack 

layers. Geophysical Research Letters, 42(5), 1427–1432. https://doi.org/10.1002/2014GL062780 

2.1.2 Methods: 

The methods section is well-crafted and easily understandable. However, a brief explanation of why peak 

force and loading rate were chosen as metrics for data analysis is missing. Incorporating elements from 

section 4.1.3 into the methods would provide valuable context. 

https://doi.org/10.1002/2014GL062780


 

We will incorporate elements from section 4.1.3 and the comment above for a brief explanation of why 

peak force and loading rate are chosen. 

2.1.3 Results: 

Consider including simple statistical analyses to assess the significance of differences between tapping 

levels. This addition would strengthen the overall robustness of the results. 

While the authors note a disparity in tapping force between women and men, the manuscript misses an 

opportunity to delve into the variability of tapping force within each gender group. Addressing this aspect 

would add depth to the analysis. 

We will include a one-way ANOVA test to assess the significance of differences between tapping levels. 

(p-value was found to be <0.01). We also will include more detailed statistical results in an appendix 

section. 

2.1.4 Discussion: 

A concise discussion regarding the relevance of the results within the snowpack load and stability 

assessment would be beneficial. This addition would help readers better grasp the broader implications of 

the findings. 

We agree that a concise discussion of the relevance of our results to snowpack load and stability 

assessment would benefit the reader. Although snow’s response to hand-tap loading is out of the scope of 

the paper, we could make some brief commentary. 

Regarding snowpack load, we could state that the dynamic load generated from a hand tap is 

superimposed on the static weight of the snowpack. The attenuation of the dynamic load as it transmits 

through snow is out of scope of this work, but we refer the reader to the recent work by Verplanck and 

Adams (2023). 

Regarding stability assessment, we plan to move some of the contents section “5.1.2 Limit the test’s 

interpretation” to a new section in the discussion where we incorporate the other reviewer’s feedback on 

this section. 

2.2 Specific comments 

L23: How? A sentence or two about how Reuter & Schweizer describe the propensity of a snow-covered 

slope to avalanche will add to the readability of this section. 

We will add a sentence or two about this in the revised manuscript. 

L54: Consider adding Sigrist, C., and Schweizer, J., 2007. Critical energy release rates of weak snowpack 

layers determined in field experiments. Geophysical Research Letters, 34. L03502, 

doi:10.1029/2006GL028576. 

We will add the citation as suggested. 

L89: ECTX means inconclusive results. Consider noting this here. 

We will add this to the revised manuscript. 

L112: What did they find? How does tapping load affect the stress within the snowpack? What are the 

implications for your research? 

We will expand on the studies from Griesser and Sedon as per previous comment from reviewer 1. 

L114: Add a sentence or two about why, after all the studies you mention, your work still contributes to 

the field. I believe that the size and the variability of the data. 



 

We will add a few sentences on why our work contributes to the field (number of samples, larger regional 

coverage (Scandinavia, North America, and Alps), higher sampling rate, observation of loading rate, 

multivariate statistical models).  

L143: Consider adding a "linear" here. This can clarify some of the expatiation below. 

We will add linear as suggested. 

L173: Did you test this theory? did users grab the shovel handles and cause to inconsistent measurements 

due to torquing the cell? If yest, mention it. 

Early tests during the development showed that even gentle touches on a shovel handle are picked up with 

our sensitive load cell. No samples in this dataset are collected with the shovel handle on. We will add a 

sentence on this in the revised manuscript.  

L179: Can you look at the variability within a specific operation or where folks regularly dig snowpits 

together? Depending on the result of this question, this may be something you can mention as a 

suggestion for improvement in the discussion. 

The sample size within a specific operation or smaller area would be too small to adjust for height, weight 

and gender. Even our sample size of almost 300 participants from Scandinavia, the Alps and North 

America, was too small to find any statistically significant differences. 

L181: Why did you choose these metrics? 

We will briefly summarize section 4.1.3 here and include a reference to Reiweger et al. (2015) which 

found that weak layer’s failure criteria depended on loading rate in addition to internal stress state. 

L182: This is redundant and does not add clarity to the description below. 

We believe it makes sense to state our two main metrics that are pulled from our tap data (maximum force 

and loading rate). 

L186: Add a short description or reference to the algorithm. For example, by comparing neighboring 

values, if you used scipy.signal.find_peaks 

We will do as suggested, and yes we did use scipy.signal.find_peaks. 

L204: Start of the tap or when the force exceeds 15 N? 

Good point, we will specify “when the force exceeds 15 N” in the revised manuscript.  

L205: Consider this equation to a more standard notation (df/dt). Also, you can general the expression to 

allow adaptation of your methods to other tap o-meter units and replace “15 with something like “max 

noise value.” Then you can state that, in this case, it is 15. 

Good suggestions. However, using 𝒅𝑭/𝒅𝒕 may confuse the reader between the loading rate metric and 

the analytic derivative of a tap idealized as a gaussian. Thus, we plan to define loading rate as 𝒓.  We plan 

to change that section to the following: 

The loading rate, 𝑟, is defined as a linear interpolation, Eq. (2), between the maximum force, 𝐹𝑝𝑒𝑎𝑘, and a 

threshold value greater than typical noise, 𝜆. In our measurements, a 𝜆 of 15 N was deemed appropriate. 

The difference in force is divided by the rise time, Δ𝑡, to determine the loading rate. The rise time is the 

difference in time between the peak force and when the threshold is crossed. 

𝑟 =
(𝐹𝑝𝑒𝑎𝑘 −𝜆)

Δ𝑡
          (2) 

 



 

L205: Is there a correlation between loading rate and peak force? What is the R2 between these values? 

Clearly, there is no need to address this if there is nothing there, but it could add to this manuscript if 

there is something there. 

Loading rate is positively correlated with peak force (R-squared of 0.70). We will add a sentence on this 

in the revised manuscript. 

L223: Adding percentage her in table 1 would give a better picture of the volume of outliers.   

We will add percentages to the table in the revised manuscript. 

L234: The wrist average loading rate is smaller than the Std. Is this correct? If so, are there negative 

loading rates in the dataset? Or are there other explanations? Please check this or add an explanation of 

how that could be. Also, correct Table 2 if needed. 

Thank you for noting this, there was an error here. We will fix this in the revised manuscript by correcting 

Table 2. 

L250 (Figure 4): There is a significant overlap between elbow and wrist and elbow and shoulder. You 

need to add an ANOVA or Mann-Whitney test to quantify if these steps overlap and are statistically 

significant. Looking at Figure 2, this may be the case for single-user cases within the dataset. How 

common is it for a single person to overlap a tapping force between the different steps? 

Doing a one-way ANOVA, we get: F-statistic: 4012.34 and P-value: <0.01. There is a significant 

difference between the groups. For how common it is for a single person to overlap between different 

steps, see response to reviewer 1, section 1.3.1. 

L264: Wow, this is a great insight! 

Thank you! 

L265: Is the tap force variability more or less for women than for men? 

Women have a slightly lower standard deviation but considering that they on average also tap less hard, 

we don’t think there is any relative difference if we look at the standard deviation as a function of the 

mean. We will add a sentence that we investigated this but did not find any differences in variability 

between the gender groups. 

 Mean Standard deviation 

Gender Wrist Elbow Shoulder Wrist Elbow Shoulder 

Male 88 N 205 N 420 N 48 N 107 N 214 N 

Female 71 N 160 N 315 N 41 N 85 N 171 N 

 

L270: Mentioning more details, like the number of females and males in the study and their average 

height and weight, are there similar variation in tapping forces between the gender groups? will improve 

the overall picture you are trying to paint. 

We will include some more information of survey data in the revised manuscript. 

L275: What is t? is it the time from the start of the tap or from when the force exceeds 15 N? If it is from 

the start of the tap, why it is different from EQ 3? 

Good point, it is confusing as written. 𝒕 is simply the time variable that the force, 𝑭, is a function of. We 

also plan to replace 𝒔 with 𝝈 so it will not be confused with the unit: seconds. We plan to rewrite that 

section as follows: 



 

Both the peak force, 𝐹𝑝𝑒𝑎𝑘, and loading rate, 𝑟, are used to idealize the impact curves. First, consider the 

equation describing a Gaussian function of force, 𝐹, as a function of time, 𝑡. 

𝐹(𝑡) = 𝐹𝑝𝑒𝑎𝑘𝑒
−

1

2
(

𝑡−𝑡𝑝𝑒𝑎𝑘

𝜎
 )

2

 ,         

 (3) 

Where 𝐹𝑝𝑒𝑎𝑘 is the peak force and 𝑡𝑝𝑒𝑎𝑘 is the time at which the peak force occurs. The duration of the 

force curve is governed by 𝜎, the standard deviation if the Gaussian function were to be describing a 

normal distribution. Since 99.7% of the curve’s magnitude occurs during 6𝜎, the duration of impact is 

defined 6𝜎 in our study. Thus, the rise to peak force occurs over approximately 3𝜎.  

𝑟 ≈
Fpeak

3𝜎
 ,           (4) 

This is an approximation rather than equality because it assumes a linear rise, rather than the non-linear 

Gaussian shape. However, since loading rate and peak force are the two metrics ascertained from the 

measured data, this approximation provides a convenient way to idealize the measured force curves. 

Rearranging the approximation yields 

𝜎 ≈
Fpeak

3𝑟
 ,           (5) 

And substituting this relationship for 𝑠 in Eq. (3) yields the Gaussian approximation used to idealize the 

measured force-time curves. 

𝐹(𝑡) ≈ 𝐹𝑝𝑒𝑎𝑘𝑒
−

1

2
(

3𝑟(𝑡−𝑡𝑝𝑒𝑎𝑘)

𝐹𝑝𝑒𝑎𝑘
 )

2

          (6) 

 

L301: In some cases you add Kg values and in some cases you are not. I'd recommend that you stick with 

N only, but if you keep the reference to Kg, do that everywhere. 

We will remove kg. from the manuscript as suggested. 

L364: Does this variability continue when you look at male and female groups separately? You 

mentioned that gender is the only explanatory variable that is significantly correlated with tap force across 

all multivariate 265 regression models. It makes sense to address this question. 

See response for L265 above. 

L372: The manuscript does not clarify the benefit of the Idealization of taps as Gaussian functions. This 

would be a good place to elaborate on that or remove it altogether. 

You are right. As written the manuscript does not clearly state the benefits of idealizing the taps as 

Gaussian functions. The benefits are as follows. Figure 4 only shows the peak force. By idealizing the 

taps as Gaussian functions, the reader is provided a visual comparison of both loading rate and peak force. 

It also provides a convenient way to compare the momentum associate with each tap level. The 

momentum is the area under the force-time curve. Momentum calculations by direct numeric integration 

of the load-cell data would not be accurate because of the long, oscillatory tails which are attributed to the 

measurement method. Lastly, Gaussian functions are often used in wave propagation problems because 

they represent a continuous, smooth pulse of disturbance. By providing a method of converting the peak 

force and loading rate to a Gaussian function, the reader is given a steppingstone towards mathematically 

modeling a test like the CT or ECT. 

 


