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Answers to Referee #1 

In the following, the comments from the reviewer are in shown in black and our answers are in 
bold blue. References from the manuscript are shown in italic. The changes applied to the 
manuscript (revised version) are underlined. The line numbers refer to the original preprint. 

This article presents the results of a first standardized global rock glacier mapping approach. 
The approach is implemented as a consensus-based multi-operator mapping exercise, involving 
41 participants / operators. It uses the recently established guidelines for creating rock glacier 
inventories (RoGI) developed by the IPA Rock Glacier Inventories and Kinematics (RGIK) 
community and a standardized QGIS tool to map rock glaciers for 12 different areas around the 
globe. The dataset includes three GeoPackage files per area: Primary Markers (PM) for rock 
glacier characterization, Moving Areas (MA) for surface movement detection via InSAR, and 
Geomorphological Outlines (GO) for delineating rock glacier boundaries.  

Such a consistent dataset with rock glacier outlines from different mountain ranges around the 
globe is of high value for multiple use cases in the future as also nicely described in the 
conclusion of the manuscript. However, there are few parts which need to be improved in order 
to be of full use for future users. In the following, general issues of the manuscript and data are 
described first before adding specific comments on the manuscript.  

Thanks a lot for the positive feedback and the valuable comments to improve the 
manuscript. 

General comments – manuscript:  

Section 3.3 Output data and naming convention  

The structure of this section is a bit confusing for an unfamiliar reader. Files with naming 
convention are used in the first part of the section, before the naming convention itself is 
introduced and explained in the second part. For a more comprehensive way, I’d suggest starting 
with the naming convention of the files first and then describe the folder structure using the 
previously introduced names. Otherwise, please consider avoiding the names of the naming 
convention in the first part.  

We understand this comment. We have restructured section 3.3 as suggested, i.e. moving 
the naming convention before the folder structure: 

The data package is available on Zenodo (Rouyet et al., 2024; 
https://doi.org/10.5281/zenodo.14501399). It includes a set of gpkg files organised by areas and 
product types (PM, MA, GO). 

The naming convention of each gpkg file follows the product specifications defined by the ESA 
CCI Permafrost project and is meant to provide a generic structure allowing for updates and/or 
release of future additional products. All file names follow the same structure: ESACCI-<CCI 
Project>-<Processing Level>_<Data Type>_<Product String>-<Additional Segregator>_<Layer 
Type>_<Indicative Date>-fv<File version>.gpkg 
• … 

Accordingly, the data package is structured as followed: 
• The folder ‘ESACCI-PERMAFROST_ROGI_SINGLE-AREA’, including the RoGI products for 

each area, for applications focusing on one specific region, with subfolders named as follows: 
• … 

https://doi.org/10.5281/zenodo.14501399
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• The file ‘ESACCI-PERMAFROST_ROGI_ALL-AREAS_AOI-PM-MA-GO_2024_fv01.0.gpkg’, 
including the AOIs and RoGI results (PM, MA and GO), merged for all areas, for applications 
requiring the combined use of all inventories. 

• The file ‘README.pdf’ file, describing the data structure and properties. 

Section 4 RoGI result description  

The overall results section has a very comprehensive overview on the results. However, the 
results are difficult to compare as the size of the investigated area differs quite strongly (ranging 
from 7 to 82 km²). Therefore, at least one figure should take that into account and provide 
measures such as RGUs/km² (number of units per square kilometer) or rock glacier area / km² 
(proportion of entire area covered by rock glaciers), even though the latter might be misleading in 
cases with a lot of uncertain rock glacier units.  

Another important factor, which is not described anywhere in the manuscript yet, is the 
availability of different data for each area. Could you incorporate information (maybe in Table 1), 
which data was available for the mapping exercise (orthophotos (possibly with information 
about resolution), DEM / hillshade (yes - no)). Further, which type of InSAR data was available 
(sensor, methodology: stacking, interferograms, PSI) to assess the RGU activity? That should be 
documented for each area and discussed later, how it is affecting the result (see also comment 
further down).  

Thanks for these suggestions. Good ideas. We agree with both and have added a new table 
and a new figure in the revised manuscript. Note that the spatial resolution of the 
orthomosaics from the WMS is difficult to systematically document, because it varies 
depending on the area and the scale. We added this sentence in 3.1 (l.179-181): 

• QGIS project structuring the available data and in which the operators performed the work. 
In addition to the AOI, the InSAR data and initial vector files (gpkg templates), each GIS 
project incorporated links to Web Map Services (WMS) such as the Google Earth, Bing and 
ESRI orthomosaics (Table 2). The spatial resolution of such images is typically 0.1-1 m but 
varies within/across the areas and depending on the scale and zoom levels. 

Table 2 (placed before Figure 3, in section 3.1): 
Summary of input data in each RoGI area. The names and locations corresponding to the area 
numbers are shown in Table 1. The crosses (x) highlight the availability of the corresponding 
dataset. For InSAR data: the yy-yy numbers correspond to the years available for each InSAR 
dataset (e.g., 15-19: interferograms or averaged velocity maps between 2015 and 2019). 

Area number 5-1 6-1 7-1 8-1 9-1 10-1 11-1 12-1 13-1 14-1 15-1 16-1 
Satellite Web Map Services (WMS):  Optical imagery and topographical map 
Google satellite WMS x x x x x x x x x x x x 
Bing satellite WMS x x x x x x x x x x x x 
ESRI satellite WMS x x x x x x x x x x x x 
OpenTopoMap WMS  x x x x x x x x x x x x 
Additional optical/thematic data: HR aerial imagery and national topographical map 
Extra HR aerial image x x x x x x       
National topo. map  x x x  x      x 
DEM products: Low/High-Resolution (LR/HR) DEM and/or associated products (e.g., hillshades, slope, aspect)  
LR DEM (10–30m) x x x x x x x x x x x x 
HR DEM (< 10m) x x    x x      
InSAR data: Wrapped interferograms (ifgs) and velocity maps from Stacking and Persistent Scatterer Interferometry (PSI) 
Sentinel-1 ifgs 16-19 17-19 17-19 17-20 18-20 16-19 18-19 15-19 15-19 16-19 18-20 15-23 
ERS-1/2 ifgs         98-99 91-95   
ALOS-1 ifgs      07-10 07-10  06-10 06-09 08-11 07-08 



Rouyet et al. essd-2024-598, April 2025 

ALOS-2 ifgs 14-19 14-21      15-17 14-16 15-16 16-19  
SAOCOM ifgs  21         21-22 21-23 
Cosmo-SkyMed ifgs       16-20      
TerraSAR-X ifgs  09-14           
6–12d ifgs Stacking  19 15-19 15-20 15-20 18-19 18-19 18 18 18-19 18-19 18 
Combined 6d–annual 
ifgs Stacking 

  15-19 15-20 15-20        

PSI 15-21   15-19         

 

Figure 9 (placed after Figure 8, in section 4): 
Density of rock glaciers in the studied areas. The grey bars show the percent of the area covered 
by rock glaciers, according to the mapped extended outlines. The corresponding values are 
shown on the primary vertical axis on the left. The black symbols (dots: certain rock glaciers; 
triangles: certain and uncertain rock glaciers) show the numbers of identified RGU in respect to 
the size of the area (number per km2). The corresponding values are shown on the secondary 
vertical axis on the right. The area numbers and the acronyms of the corresponding countries are 
similar to Figure 5 and according to Table 1 naming convention. 

 
 
The last paragraph of the overall result description (section 4, l.324-327) has been modified 
as followed: 
Based on the extended outlines, the RGU have a typical size ranging between 0.01 and 0.25 km2 
(median value of each area, Figure 8). The boxplots indicate large differences in size between 
and within the areas. It should be noted that in areas dominated by large rock glaciers (e.g., area 
12-1 GL; area 13-1 KA), small talus-connected rock glaciers may have been overlooked. The size 
of the areas significantly varies (ranging from 7 to 82 km2, see Table 1). The size of the mapped 
landforms, as well as the number of certain and uncertain RGU, in respect to the size of the area, 
are also highly variable (Figure 9). Some areas are characterised by many small landforms (e.g., 
area 6-1 CH; area 16-1 NZ), while others are dominated by few large rock glacier units (e.g., area 
12-1 GL; area 13-1 KA).  
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Section 5.1 Use of the terms “uncertainty” and “reliability” The term uncertain is used at 
several different attributes of the PM (“uncertain rock glacier” for ambiguous areas; activity 
attribute). However, it remains partially unclear, how uncertain is defined: Is it uncertain 
because of lacking data? Or because of diverging opinions of operators? Please specify that 
more clearly. For the activity attribute it is defined in the guidelines as the former but should be 
mentioned in the manuscript itself under section 5.1.  

Similarly, it is mentioned in the discussion that there is the option to document reliability. 
However, the definition of the reliability should be described in more detail at least in the table in 
the appendix, possibly also within the manuscript in section 5.1. This should be done for the 
reliability of the outlines (Appendix C, GO dataset) and the kinematic attribute (Appendix A, PM 
dataset). They are defined in the guidelines but should be shortly described here to avoid the 
necessity to search for such definitions in the guidelines. A good example for such a description 
is the reliability of moving areas in Appendix B, MA dataset.  

Such explanations can be very helpful, when the data is used in the future. This is especially the 
case for machine learning processes, which can take qualitative measures into account.  

Thanks for the comment. There are different options to document the uncertainty and 
reliability, at the different steps of the work. These are all qualitative measures based on 
criteria that varies depending on the attribute. These possibilities were summarised in 
section 5.1 (l.483-498) and briefly listed in the attribute tables in the appendixes. We 
initially decided to avoid incorporating too many elements from the reference documents 
in the paper and referred to the corresponding sections of the RGIK RoGI guidelines, but the 
comments from both reviewers showed the need to add more information about these 
definitions and criteria. We therefore made several modifications to clarify these points in 
several parts of the manuscript. Some examples in the following:  

In section 2.2, we added at l.128: When combining the results between operators, the team 
agreed on which units were categorised as “certain” or “uncertain” within each area. In some 
cases, the rock glaciers remained “uncertain” when there was not enough evidence that the 
landform is a rock glacier, or when the team decided that the landform was too complex to be 
accurately characterised and outlined with the currently available data. Keeping an information 
about the location of these uncertain landforms may allow for future updates if new data is 
becoming available. 

In section 5.1, the paragraph is modified as followed: In the attribute tables of the three 
GeoPackage files, various fields document the reliability of the mapping and morpho-kinematic 
assessment, according to identified uncertainties and limitations: 

• For the PM files, an attribute “uncertain” describes ambiguous areas that should be 
investigated in the future (need for additional data and/or field visit). For educational 
purposes, an attribute “not a rock glacier” could also be used to highlight landforms that 
are likely to be misinterpreted as rock glaciers. The level of uncertainty and complexity 
can be highlighted for many morpho-kinematic attributes, either in the selectable 
categories (for example “active uncertain”, “transitional uncertain”, and “relict uncertain” 
for the attribute “Activity”) or using an additional reliability attribute for the kinematic 
assessment (Appendix A). Additional comments describing the uncertainty sources and 
ambiguities in the interpretation can be written in two “Comment” fields. 

• For the MA files, the reliability (or the degree of confidence) of the results is qualitatively 
documented in accordance with the quality of the detection, the delineation of the 
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Moving Areas based on the available InSAR data, the signal interpretation and the 
resulting velocity estimation (Appendix B). When medium–low reliability is set (uncertain 
InSAR signal and/or unclear MA outlines), information on the uncertainty sources and 
ambiguities in the interpretation can be described in a “Comment” field. 

• For the GO files, the reliability of the delineation at different locations of the rock glacier 
(front, left/right lateral margins, upslope boundary) is estimated with a score of 0 (low), 1 
(medium), or 2 (high). It consists of a qualitative assessment depending on the data 
quality and the geomorphology complexity of the landform (Appendix C). The automatic 
summation of the scores (0–8) gives a general estimate of the outline reliability for the 
entire landform. Information regarding the data source(s) used for the delineation and 
the uncertainties impacting the reliability of the resulting polygon can be documented in 
a “Comment” field. 

We agree that there were discrepancies in the level of details to explain the attributes in 
the tables in the appendixes. In the revised version, we added more detailed description of 
several fields. For the PM product, we included the definition of mono/multi-unit RGS, 
simple and complex morphology, the definition of the activity classes, incl. the meaning of 
‘active uncertain’ and ‘relict uncertain’, the definition of ‘poly-connected’, ‘other’, 
‘uncertain’ and ‘unknown’ for the upslope connection, the definition of the kinematic 
attribute, incl. explanations on when it should remain ‘undefined’ and explanations 
regarding the different levels of reliability. For the MA product, we added a more detailed 
explanation about the velocity classes. For the GO product, we included the definitions of 
the outline types and explanations on the criteria to document the reliability. Due to the 
many changes, we are not incorporating all tables in this answer, but these will be included 
in the revised submission. 

Section 5.2 Consistency across the different sites I had a detailed look at the generated 
results of the different investigated sites and had the impression that there are remaining 
inconsistencies between the different sites, despite all efforts to reduce them to an absolute 
minimum. Especially the assignment of certain vs. uncertain landforms seems to be sometimes 
site-specific and maybe driven by the available data or local knowledge? Could you please add a 
paragraph or two about that in the discussion?  

Besides, please include, how the availability of different data (especially different InSAR 
products) affects the detection and outlining of RGUs for each site individually. So far only the 
influence on MA is discussed, but it can be expected that with a broader range of InSAR products 
also potentially more RGUs can be detected and, thereafter, outlined.  

Further, the quality assessment chapter (5.2) is quite difficult to follow and a lot of site-specific 
issues are mentioned in the text but hard to get an overview. However, such an overview on the 
quality of the results for each area could be beneficial to select sites to avoid specific 
uncertainties or specifically address these issues in the future. Therefore, please elaborate in a 
more comprehensive way (possibly a Table), which sites are affected by certain issues and 
which are not.  

It is correct to say that inconsistencies still remain between the different regions, due to 
different levels of geomorphological complexity, variable data quality and local knowledge. 
In order to better acknowledge this point, we modified the first paragraph of section 5.2: 
Here we summarize the observations about the uncertainties and limitations of the three output 
files, based on the results in the 12 areas and the feedback of the operator teams. Most 
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challenges are common for all areas, while a few are affecting specific areas only. The main 
identified uncertainties and limitations of each output product are described in the following 
sections and summarised in Table 3. Despite the effort to standardise the procedure and reduce 
the differences between the areas, we acknowledge that discrepancies remain in the final 
products. These are due to the different levels of geomorphological complexity, the variable 
numbers of landforms and the density of their distribution, as well as the heterogenous data 
quality, local knowledge and research history. In case of operator discrepancies, the decisions 
were taken at the team level, ensuring homogeneity within each area. Major questions were 
discussed during PI coordination meetings and communicated across the teams thanks to 
operators working in several areas. The parallel timeline of the work in all areas contributed to a 
good communication on the common challenges, but did not discard all risks of inter-regional 
differences and subjective treatment. 

We added one bullet point in 5.2.1: 
InSAR was useful for detecting rock glaciers that may have been missed when only looking at 
optical images. However, it also added an additional source of variability between the regions, 
because the data availability and properties vary from a region to another. In areas with multi-
temporal PS/DS InSAR data, the detection capability to low velocity was increased. In areas with 
X-band SAR data, interferograms with higher spatial resolution were provided, which allowed for 
detecting smaller moving landforms. In areas with L-band SAR data and 6-days Sentinel-1 
repeat-pass, the maximal detection capability was increased. 

We modified the last bullet point in 5.2.2: 
A general challenge with InSAR analysis is to ensure that the detected movement is 
representative of the rock glacier creep rate and not significantly affected by other processes 
(e.g., landslide, solifluction, thaw subsidence). Analysing a diverse set of interferograms (various 
SAR geometries, time intervals, months and years) allow to reduce the risk of misinterpretation 
by providing complementary information about the spatial and temporal characteristics of the 
movement pattern. However, we cannot fully discard the possibility that some MA identified on a 
rock glacier might be affected by other processes. In case of rapid permafrost degradation, the 
detected movement may correspond to a mixed signal from downslope creep and subsidence 
due to ice core melt. In cold regions with continuous permafrost, the ground is highly dynamic 
during the thawing season, which makes it difficult to dissociate the InSAR signal on the rock 
glacier from surroundings areas that also move. When analysing small and slowly creeping 
talus-connected rock glaciers, it was sometimes challenging to discriminate the movement 
associated with rock glacier creep from other processes, such as thaw subsidence in ice-rich 
lowlands located directly at the foot of the mountain ridges. 

In the initial version, we added the references to specific regions in parentheses (e.g., area 
xx-x) in the sections 5.2.1-5.2.3. These references were meant to exemplify where the 
limitations had been reported by the RoGI team (i.e., not an exhaustive list). As suggested, 
we have tried to summarise the limitations in a table, placed at the end of section 5.2. We 
have removed the examples in parentheses to provide a lighter version of the text.   
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Table 3. Overview of the main uncertainties and limitations of the RoGI products and how they 
apply to the 12 areas. The crosses (X) show where the problem has been explicitly reported by 
the RoGI team/PI. The circles (O) show where the problem might happen for specific landforms, 
but had not been reported has a main limitation by the RoGI team/PI. The area numbers are 
similar to Figure 5 and according to Table 1 naming convention. 

 5-1 6-1 7-1 8-1 9-1 10-1 11-1 12-1 13-1 14-1 15-1 16-1 

PM detection and characterisation 
Optical imagery affected by 
shadows, clouds, snow 

O O O O X O O X O X O O 

Dense vegetation cover on 
relict rock glaciers 

X            

Dominance of large RGU and 
small RGU likely overlooked 

       O X X X  

Ambiguous imbrication of 
periglacial landforms 

O O X X O X O O O X O  

Ambiguous rock glacier and 
glacier/forefield continuum 

O X O O O O O O X X X  

Variable categorisation of 
landslide-connected RGU 

O O X O O X O O O O O  

Difficulty to select of RGU for 
complex multi-unit systems 

O O X O O O O O X X X O 

Ambiguity in activity in Arctic 
cold regions with slow/no MA 

    X  O  O    

Difficulty to discriminate 
active/transitional 

 O O  O O O O O O O X 

MA detection, delineation and characterisation 
Fewer available Sentinel-1 
images and longer repeat-
pass 

       X X X X X 

Challenge of velocity estimate 
for operators with little InSAR 
experience 

X X X X X X X X X X X X 

Difficulty to document and 
interpret small and slow MA 

X O O X O O O O O O O O 

Difficulty to discriminate 
creep from other processes 

O O O X X O O X O X O O 

GO delineation and characterisation 
Uncertainty in the delineation 
of the upper boundaries 

X X X X X X X X X X X O 
 

Uncertainty in the delineation 
of eroded, reworked or 
exaggerated fronts 

X X O X O X X O O X X O 
 

Unclear lateral margins for 
small rock glaciers 

O O O X O O X O O O O O 
 

Difficulties to outline complex 
RGS with multiple RGU 

O O X O O O O O X X X O 

Variable quality of optical 
imagery and georeferencing 
shifts 

O O O X X O O X X X O O 
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General comments – dataset:  

• Disko island data:  
There seems to be a projection error with some of the outlines, specifically those towards 
the east. Or is it a shift in the used WMS layer? Please check units 176 – 183, 194 – 197, 220 
and 225.  

Thanks for having seen it. This shift is indeed due to low quality and georeferencing 
shifts in the online data at the time of the delineation. In that case, it does not impact 
the whole area similarly. We have therefore corrected the dataset to show consistency. 
We have mentioned this recent change in the ‘Comment’ field of the GO layer. The new 
version will be submitted on Zenodo at the same time as the revised manuscript.  

Note that some shifts may have occurred in other regions. This issue is explained in the 
last bullet point of section 5.2.3. We completed the paragraph by adding the following 
sentences: The data source used for the final outlines and the time it applies is specified in 
the attribute table. The results apply for the period during which the outlines were drawn. If 
viewing the results with a more recent background imagery, new shifts may occur due to the 
regular updates of the WMS data sources and their variable quality. We have corrected the 
GO data files to always include a time reference in the ‘Comment’ field (in addition to 
the data source). 

• Not a rock glacier data:  
Specifying and mentioning special landforms as “Not a rock glacier” does make sense, 
when looking at your data. However, this information is only useful, if they have an 
explanation, why it is considered to not be a rock glacier. Please add such comments to 
those (for instance in area 5-1 and 14-1), which do not have it yet, or remove them from the 
dataset.  

Thanks for the comment. We agree. These were oversights. We have modified the 
dataset to remove some (when we thought they were unnecessary) or include an 
explanation (when we thought they were useful). A new version will be submitted on 
Zenodo at the same time as the revised manuscript. 

Specific comments:  

L51, L54:  
There is a typo in one of the citations: correct citation is Kellerer-Pirklbauer et al. 2024 

Thanks. Corrected.  

Table 1:  
In the table there is listed the number of certain final RGU, which is a result and should 
therefore not show up in the introduction. Such information is also not necessary at this 
location.  

Indeed. We removed it and replaced by information about the elevation range in the AOI. 

L54:  
“Conversely, as degradation continues, rock glaciers tend to stabilize and transition 
progressively into relict landforms”  
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Please change “stabilize” to decelerate. Otherwise, it could be understood that all rock glaciers 
first need to destabilize, which is not the case.  

Agree. Modified as suggested. 

L103-104:  
“Each operator received a common folder including a similar dataset organized within a QGIS 
project (see Section 3.1),”  

Please rephrase the sentence. It should be the same dataset for each operator and site, but 
probably they differ between the different RoGI areas due to different availability of data. So far, 
this sentence can be misunderstood.  

Yes, as written at l.102, we describe here the data structure for each area (i.e. within each 
team). We clarified this point by rephrasing the sentence at l.103-104: 

Within each team, each operator received a common folder including a similar dataset 
applicable for the area. The input data is organised within a QGIS project… 

We made two additional modifications in Section 2.1 to make extra clear that the 12 teams 
correspond to the 12 areas (each team corresponds to one area): 

A Principal Investigator (PI) was designated to coordinate the work of the inventory team in each 
area. (l.89-90) 

…coordinating the work between the 12 teams, corresponding to the 12 areas. (l.100) 

L401:  
“The assigned KA has contributed to classify the RGU activity as uncertain (2 RGU) relict (8 
RGU), transitional (13 RGU), active (20 RGU), and active uncertain (6 RGU).”  

This way of counting is misleading. Please rephrase to “The assigned KA has contributed to 
classify the RGU activity as relict (8 RGU), relict uncertain (2 RGU), […]”  

Agree. Modified. 

L411-414:  
“Rock glacier velocity, on average, was found to increase linearly with elevation up to the 2600–
2800 m band, beyond which an inflection occurs, and consistent decimetre annual velocities 
are attained (Bertone et al., 2024). The activity that characterises rock glaciers in this region 
below and above 2600 m are consistent, respectively, with transitional and active rock glacier 
types.”  

It is a bit unclear; do you compare your results with previous studies here? If not, consider 
removing these sentences.  

All 4.x subsections are organised similarly for each area: a first paragraph summarising the 
general geographic setting; a second paragraph highlighting mountain permafrost 
background in the area and if available, past research on rock glaciers; and a third 
paragraph focusing on the actual results from the multi-operator RoGI exercise. 

For Southern Venosta, l.411-414 are describing results from past research, while l.418-421 
summarise the results of the current study. The differences between both paragraphs may 
have been unclear cause both studies are quite similar, and the results are overall 
consistent. We therefore simplified the 2nd paragraph (l.418-414) and rephrased to clarify: 
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According to a recently compiled geomorphological inventory, the area is characterised by the 
highest rock glacier density within South Tyrol (~ 1.1 #/km2 against a regional average of 0.54 
#/km2) (Scotti et al., 2024). Subsequent integration of this geomorphological inventory with 
InSAR-based kinematic information across the Southern Venosta subregion led to detect 375 
intact and 428 relict rock glaciers (Bertone et al., 2024). On average, the velocity of intact rock 
glaciers was found to increase linearly with elevation up to the 2600–2800 m band (where MAAT 
declines from about -1 to -2 °C), beyond which a kinematic plateau occurs. This band marks a 
broad altitudinal shift from transitional (< dm/yr) to active (> dm/yr) rock glacier types (Bertone et 
al., 2024). 

L450:  
Remove “Limited”. Some of your other sites may also have similar little coverage by research. 
Therefore, I would not specify it here.  

Agree. Modified. 

L507:  
Remove “(from LiDAR DEM to filter out the vegetation)”. A digital terrain model should 
automatically exclude vegetation. If you want to specifically highlight that vegetation could 
obscure your results, please consider mentioning it more explicitly. 

It was indeed the main point of this sentence (when considering the main data source for 
the mapping: optical imagery from passive sensors). But in addition, we meant to say that 
in such cases, the use of complementary input data (HR DEM) helps overcoming the 
problem, which is especially valuable in areas dominated by relict landforms with dense 
vegetation cover. 

We rephrased l. 505-507 as followed: 
Warm regions in the marginal permafrost zone can be dominated by relict landforms with dense 
vegetation cover that may hinder detailed mapping based on passive optical remote sensing 
only. In such areas, terrain hillshades from high-resolution LiDAR DEM are highly valuable as 
complementary input data. The availability and quality of such products are however variable 
from a region to another. 

L531:  
“some are very slowly creeping and so fall into the transitional–relict category”  
Rephrase: some are very slowly creeping and so fall into the transitional or relict category  

Corrected. 

L547:  
Remove “indeed”  

Removed. 

L627 – 632:  
This paragraph very difficult to understand without detailed knowledge on the documentation 
procedure. Please consider rephrasing it. 

We tried to clarify this paragraph as followed: 
The assignment of the activity attribute based on geomorphological and/or kinematic criteria 
requires clarification in the guidelines. The InSAR analysis led to the generation of a MA layer with 
polygons highlighting where movement has been detected. For characterising the kinematics 
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and the activity, the operators used the MA layer as input. However, some rock glaciers are not 
covered by any MA. In such cases, it was recommended to avoid overinterpreting the absence of 
detected movement, because a rock glacier without any MA may mean two different things: 1) 
there is no movement or too low to be detected, 2) the data quality and/or coverage did not allow 
for detecting it. In such cases, some operators only focused on geomorphological criteria to 
assign the activity. A kinematic attribute with low velocity and low reliability index may have been 
documented, but was not used to set the activity. For other operators, the lack of movement 
evidence has been used in synergy with geomorphological evidence, as an additional indicator 
confirming the geomorphological interpretation. 


