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Abstract. The Rock Glacier Inventories and Kinematics community (RGIK) has defined standards for generating Rock 

Glacier Inventories (RoGI). In the framework of the European Space Agency Climate Change Initiative for Permafrost (ESA 20 

CCI Permafrost), we set up a multi-operator mapping exercise in 12 areas around the world. Each RoGI team was composed 

of five to ten operators, involving 41 persons in total. Each operator performed similar steps following the RGIK guidelines 

(RGIK, 2023a) and using a similar QGIS tool. The individual results were compared and combined after common meetings 

to agree on the final consensus-based solutions. In total, 337 “certain” rock glaciers have been identified and characterised, 

and 222 additional landforms have been identified as “uncertain” rock glaciers. 25 

The dataset consists of three GeoPackage files for each area: 1) the Primary Markers (PM) locating and characterising the 

identified Rock Glacier Units (RGU), 2) the Moving Areas (MA) delineating areas with surface movement associated with 

the rock glacier creep, based on spaceborne Interferometric Synthetic Aperture Radar (InSAR), and 3) the Geomorphological 

Outlines (GO) delineating the restricted and extended RGU boundaries. Here we present the procedure for generating 

consensus-based RoGI, describe the data properties, highlight their value and limitations, and discuss potential applications. 30 

The final PM/MA/GO dataset is available on Zenodo (Rouyet et al., 2024; https://doi.org/10.5281/zenodo.14501399). The 

GeoPackage (gpkg) templates for performing similar RoGI in other areas, and exercises based on the QGIS tool, are 

available on the RGIK website (https://www.rgik.org).  
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1 Introduction 

Permafrost is defined as subsurface material remaining at or below 0 °C for at least two consecutive years (French, 2007). 35 

Due to its sensitivity to climate change, permafrost is an Essential Climate Variable (ECV), traditionally documented by the 

Ground Temperature (GT) and the Active Layer Thickness (ALT) (Streletskiy et al., 2017). In mountains, the permafrost 

distribution may be discontinuous and controlled by site-specific conditions with large variations over short distances. The 

investigation of mountain permafrost requires the development of dedicated products to complement to GT and ALT 

measurements and models. Rock glaciers are obvious expressions of mountain permafrost, defined as debris landforms 40 

generated by the former or current creep of frozen ground (RGIK, 2023a). Although contrasting views exist in the genetic 

origin of rock glaciers, the distribution of rock glaciers may be regarded as a proxy of past or present permafrost occurrence. 

Rock glacier inventories (RoGI), including relict, transitional, and active landforms, are valuable to understand the evolution 

of periglacial environments, and to calibrate or validate mountain permafrost distribution models, where in situ 

measurements are scarce (Azócar et al., 2017; Boeckli et al., 2012; Etzelmüller et al., 2020; Karjalainen et al., 2020; Marcer 45 

et al., 2017; Schmid et al., 2015). The distribution, sizes and dynamics of rock glaciers also have several operational 

implications for the management of geohazards and water resources, which have justified RoGI compilation in many 

mountain ranges (Hassan et al., 2021; Jones et al., 2018; Marcer et al., 2019; Rangecroft et al., 2015). 

In addition, rock glacier creep rate is influenced by the permafrost thermal state and the ground ice/water contents (Cicoira et 

al., 2019; Ikeda et al., 2008; Kenner et al., 2020). Several studies demonstrated that the interannual rock glacier velocity 50 

changes relate to the ground temperature variations (Delaloye et al., 2008; 2010; Kääb et al., 2007; Kellerer-Priklbauer et al., 

2024; Schoeneich et al., 2015; Staub et al., 2016). In the context of climate change, cases of acceleration, destabilisation, and 

even collapse have been reported (Bodin et al., 2017; Delaloye et al., 2013; Eriksen et al., 2018; Hartl et al., 2023; Kellerer-

Priklbauer et al., 2024; Scotti et al., 2017). Conversely, as degradation continues, rock glaciers tend to stabilize and transition 

progressively into relict landforms (Ikeda & Metsuoka, 2002; Manchado et al., 2024; Necsoiu et al., 2016). Due to the link 55 

between temperature and rock glacier creep rate, Rock Glacier Velocity (RGV) became a new product of the ECV 

Permafrost (WMO, 2022; Streletskiy et al., 2021). In this context, RoGI compilation can be considered as a first necessary 

step to identify and select landforms to be monitored in a climate-oriented perspective. However, RoGI are not exhaustive 

worldwide and existing RoGI have been compiled with various methodologies. Owing to a lack of concerted international 

rules for mapping and characterising rock glaciers, a RoGI compiled by different operators may lead to high levels of 60 

variability (Brardinoni et al., 2019), which hampers our ability to compare, merge, and analyse inventories across different 

regions.  

With these motivations, the Rock Glacier Inventories and Kinematics (RGIK) initiative, launched in 2018, has focused on 

defining widely accepted standards and developing guidelines for the generation of RoGI and RGV products (Delaloye et al., 

2018). With the long-term objective to generate a homogenous open-access RoGI database, RGIK has released RoGI 65 

guidelines defining rules for inventory rock glaciers (RGIK, 2023a). In parallel, the European Space Agency Climate 
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Change Initiative for Permafrost (ESA CCI Permafrost) has worked on scaling up the generation and evaluation of ECV 

permafrost products using satellite remote sensing (Bartsch et al., 2023; Trofaier et al., 2017). For rock glacier products, 

ESA CCI Permafrost especially focuses on the use of spaceborne Interferometric Synthetic Aperture Radar (InSAR), an 

established remote sensing technique documenting ground surface movement and widely applied in the RoGI framework 70 

(Bertone et al., 2024; Brencher et al., 2021; Hu et al., 2023; Lambiel et al., 2023; Liu et al., 2013; Ma & Oguchi, 2024; 

Reinosch et al., 2021; Rouyet et al., 2021). 

Previous studies highlighted the inherent subjectivity of operators to interpret the morpho-kinematic characteristics of rock 

glaciers based on optical and InSAR data (Bertone et al., 2022) and the benefits of designing multi-operator consensus-based 

procedures to reduce discrepancies and improve the final products (Way et al., 2021). In 2023, we therefore designed a 75 

mapping exercise with teams including operators from diverse institutions, countries, and backgrounds. This multi-operator 

RoGI exercise was performed in 12 areas around the world. Several operators performed similar steps individually and then 

discussed the results to provide consensus-based final products. This unique international initiative had four main objectives: 

1) train the community for RoGI production, 2) test common RoGI rules and identify discrepancies to refine the existing 

guidelines, 3) develop standardized GIS templates and training tools for enhancing the production of comparable RoGI in 80 

new regions, and 4) compile and disseminate a homogenized set of RoGI from 12 diverse regions. 

Here we present the multi-operator inventorying procedure (Section 2), describe the GIS tool and data properties (Section 3), 

summarize the main characteristics of the resulting dataset (Section 4), discuss the uncertainties and limitations (Section 5), 

and suggest ideas for future use and applications (Section 6). 

2 Multi-operator inventorying procedure 85 

2.1 RoGI areas and teams 

The exercise was performed in 12 areas selected in ten countries and five continents (Table 1; Figure 1). Most RoGI areas 

have been selected within larger regions previously studied by Bertone et al. (2022), who included detailed descriptions of 

the regional settings in the supplementary material of the article. A Principal Investigator (PI) was designated to coordinate 

the work in each area (Table 1). The inventory teams were composed of five to ten operators (including the PI). Some 90 

operators worked in several areas. The exercise involved a total of 41 persons (see Acknowledgments). 

 

Table 1. RoGI areas and teams (PI acronyms: see author list and affiliations). 

Area numbers (ESA CCI 

Permafrost convention) 

Area name (country, code) 

Approx. central lat./long. location 

AOI km2 

(# certain final RGU) 

PI (institution) 

(# operators, incl. the PI) 

Area 5-1 Carpathians (Romania, RO) 

45°23’ N, 22°53’ E 

18  

(18) 

FS / WUT 

(7 operators) 

Area 6-1 Western Alps (Switzerland, CH) 12 TE / UNIFR 

3

https://doi.org/10.5194/essd-2024-598
Preprint. Discussion started: 14 January 2025
c© Author(s) 2025. CC BY 4.0 License.



46°11’ N, 7°30’ E (30) (5 operators) 

Area 7-1 Troms (Norway, NO-T) 

69°23’ N, 20°26’ E 

47 

(15) 

LRo / NORCE 

(6 operators) 

Area 8-1 Finnmark (Norway, NO-F) 

70°45’ N, 27°50’ E 

15 

(17)  

LRo / NORCE 

(7 operators) 

Area 9-1 Nordenskiöld Land (Norway, NO-N) 

77°53’ N, 13°54’ E 

10  

(18) 

LRo / NORCE 

(6 operators) 

Area 10-1 Vanoise Massif (France, FR) 

45°19’ N, 6°37’ E 

37 

(49) 

DC / USMB/UGA 

(6 operators) 

Area 11-1 Southern Venosta (Italy, IT) 

46°33’ N, 10°36’ E 

19  

(39) 

FB / UniBo 

(10 operators) 

Area 12-1 Disko Island (Greenland, GR) 

69°51’ N, 52°33’ W 

82 

(29) 

RC / GAMMA 

(6 operators) 

Area 13-1 Northern Tien Shan (Kazakhstan, KA) 

43°0’ N, 77°1’ W 

59 

(14) 

TB / TU Graz 

(7 operators) 

Area 14-1 Brooks Range (Alaska, U.S.A., US) 

68°6’ N, 149°58’ W 

21 

(14) 

MD / UAF 

(10 operators) 

Area 15-1 Central Andes (Argentina, AR) 

32°59’ S, 69.34° W 

55 

(70) 

LRu / IANIGLA 

(10 operators) 

Area 16-1 Southern Alps (New Zealand, NZ) 

43°59’ S, 170°3’ E 

7 

(24) 

CL / UNIL 

(7 operators) 
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 95 

Figure 1. Location map of the RoGI regions, including the areas selected for the multi-operator RoGI exercise. Background map: 

ESRI Physical Web Map Service. 

2.2  Consensus-based RoGI procedure 

The RoGI exercise was performed between June and November 2023. The University of Fribourg (UNIFR), Switzerland, 

was responsible for providing the data packages and instructions, and coordinating the work between the teams. The 100 

volunteer operators were found within the involved institutions and after a call for participation using the RGIK mailing list 

(about 200 subscribers). For each area, the PI coordinated the work and had the responsibility for the final products. The PI 

also performed the work as an operator. Each operator received a common folder including a similar dataset organized 

within a QGIS project (see Section 3.1), along with the instructions for the exercise and the references to the RGIK 

guidelines applicable at the time (RGIK, 2022a; 2022b; 2022c; 2023b). The guidelines have since been merged into one 105 

reference document (RGIK, 2023a). 
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Figure 2. Consensus-based RoGI procedure.  

The inventory procedure included two main phases, performed in June–September 2023 (Phase 1) and in September–

November 2023 (Phase 2) (Figure 2). Each phase was divided into three steps: 110 

 Step A: Individual work by each team operator. At the end of this step, all the operators sent their results to the PI. 

 Step B: Compilation and summary by the PI. When discrepancies between operators were identified, the PI suggested a 

solution, to be discussed with the team. 

 Step C: Discussion and consensus-based final decision by the inventory team. At the end of this step, the team agreed 

to the intermediate (first phase) or the final outputs (second phase). 115 

 

During the first phase performed between June and September 2023, the team had to: 

 Identify and locate the Rock Glacier Units (RGU) with Primary Markers (PM). The operators were asked to 

include landforms following the technical definition of a rock glacier: “a debris landforms generated by the former or 

current creep of frozen ground, detectable in the landscape with the following morphologies: front, lateral margins and 120 

optionally ridge-and-furrow surface topography” (RGIK, 2023a, p.6). Based on this definition, a RoGI must include 

relict rock glaciers, but discard landforms that are primarily driven by other processes, such as glacial flow, solifluction, 

6

https://doi.org/10.5194/essd-2024-598
Preprint. Discussion started: 14 January 2025
c© Author(s) 2025. CC BY 4.0 License.



ice melt, and sliding along a slip-surface. Different units are discriminated according to the RGIK guidelines (RGIK, 

2023a). Orthoimages were the primary source of data used for this task, but additional datasets were used when 

available (e.g., Digital Elevation Model, DEM) (see Section 3.1). InSAR data was useful to detect or confirm the 125 

location of moving rock glaciers. Each recognized RGU was identified with a point (primary marker, PM) in a 

dedicated vector layer. An uncertainty could be expressed by defining the landform as “uncertain rock glacier” in the 

case of geomorphological ambiguity or low data quality. The operators could optionally use a label “not a rock glacier” 

to indicate landforms that may be mistaken for rock glaciers, but are not driven by permafrost creep. These complex 

cases were discussed during team meetings and sometimes kept in the final layer for educational purposes. The attribute 130 

table of the PM layer is shown in Appendix A. At this stage, only the first attributes of the table were applicable, as the 

detailed morpho-kinematic characterisation was performed during the second stage. 

 Detect, delineate, and classify Moving Areas (MA) using InSAR. This task was performed in parallel, potentially 

iteratively, with the first bullet point (RGU identification with PM). The MA were identified, delineated, and 

characterised based on InSAR data (see Section 3.1). The procedure is explained in the RGIK practical InSAR 135 

guidelines (RGIK, 2023b). Each recognized MA was delineated in a dedicated polygon vector layer. The attributes 

documenting the velocity class, the observation time window and validity time frame, and the reliability could be filled 

using a semi-automatic dialog box. The attribute table of the MA layer is shown in Appendix B. 

In September 2023, the PI compared the individual results and suggested final solutions. After discussion and adjustment 

during an online meeting with the team operators, the final consensus-based PM and MA layers were adopted. 140 

 

During the second phase performed between September and November 2023, the team focused on the landforms categorized 

as “certain rock glaciers” in the final PM layer. For those landforms, the operators had to: 

 Document the RGU morpho-kinematic characteristics (Attributes). The morpho-kinematic attributes characterising 

the RGUs were filled using a semi-automatic dialog box in the final consensus-based PM layer from the first phase. All 145 

attributes refer to definitions described in the RGIK RoGI guidelines (RGIK, 2023a). All documented attributes are 

listed in Appendix A. For the geomorphologic attributes, orthoimages were the primary source of data, but additional 

datasets were used when available (e.g., DEM) (see Section 3.1). The kinematic attribute (KA) is based on the MA 

layer from the first phase. The procedure to convert velocity information from the MA to a KA category is explained in 

RGIK guidelines (RGIK, 2023a; 2023b). The KA was used to assess the activity (active, transitional, relict), defined as 150 

the efficiency of sediment conveyance (expressed by the surface movement). 

 Delineate the RGU Geomorphological Outlines (GO). The extended and restricted rock glacier GO were delineated 

in a dedicated polygon vector layer. The extended outlines include the front and lateral margins. The restricted outlines 

exclude the external parts (front and lateral margins) (RGIK, 2023a). For each polygon, attributes (outline type and 

reliability of the delineation) could be filled using a semi-automatic dialog box. The attribute table of the GO layer is 155 

shown in Appendix C. 
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In November 2023, the PI compared the individual results and suggested final solutions. After discussion and adjustment 

during an online meeting with the team operators, the final consensus-based PM Attributes and the GO layer were adopted. 

 

The compilation, data harmonization, and technical correction of the final set of PM, MA, and GO products were performed 160 

by the University of Fribourg, Switzerland (UNIFR) between November 2023 and February 2024. A final verification and 

approval by the PIs was performed between February and May 2024. 

3 Data types, attributes and formats 

3.1 Input data and GIS tool 

The data packages delivered to the operators all had the same structure. The content was similar for each area. The main 165 

folder included four subfolders and a QGIS project: 

 Subfolder “INSTRUCTIONS” with the documents and links to the applicable guidelines.  

 Subfolder “VECTOR” including the polygon of the Area of Interest (AOI) that defined the boundaries in which the 

inventory work had to be performed, as well as the initial geopackage (gpkg) templates for digitalizing the PM, MA, 

and GO. 170 

 Subfolder “INSAR-DATA” including wrapped interferograms from Sentinel-1 (and potentially ALOS, SAOCOM, 

Cosmo-SkyMed, and/or TerraSAR-X depending on the data availability), potential complementary InSAR products 

(e.g., velocity maps from Stacking or Persistent Scatterer Interferometry algorithms), a layer displaying an index to 

reproject the line-of-sight displacement rate along the direction of the steepest slope (normalization factor), or a mask 

highlighting N–S facing slopes where the InSAR data is likely to underestimate the real movement (see InSAR 175 

guidelines: RGIK, 2023b). 

 Subfolder “DEM-ORTHO” in which the PI could add extra available background data before delivery to the 

operators (e.g., DEM-based products, high-resolution orthophotos, topographic maps). 

 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) 180 

such as the Google Earth, Bing and ESRI orthomosaics. 

 

The work was performed in similar QGIS projects, with common file structure, background data, and dialog boxes for filling 

the attribute tables. The QGIS structure is generic and allows for semi-automatic attribute selection to simplify the work of 

the operators (Figure 3). 185 
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Figure 3. Example of QGIS data structure and dialog box for semi-automatic attribute filling in area 13-1 (Northern Tien Shan, 

Kazakhstan). ESRI satellite imagery is shown in the background. An example of Sentinel-1 wrapped interferogram is displayed 

within the AOI extent. The boundaries of the RoGI area (red polygon), the PM (red dots and white triangles), and the GO (blue 190 

and green polygons) are displayed as top layers. Background map: ESRI Satellite Web Map Service. 

3.2 Output data: format and properties 

The RoGI multi-operator exercise led to the generation of a set of three files for each area: the RGU Primary Markers (PM), 

the InSAR-based Moving Areas (MA), and the RGU Geomorphological Outlines (GO). All datasets are provided in a 

GeoPackage vector format (gpkg), a platform-independent database container. The Coordinate Reference System (CRS) 195 

used for the RoGI products is the World Geodetic System 1984 (WGS84). The coordinates are specified in decimal degrees. 

 

For the RGU Primary Markers (PM), the following attributes are documented:  

 ID (unique alpha-numerical identifier of the RGU). 

 X and Y coordinates (WGS84 coordinate system). 200 

 Morphological type (simple, complex). 

Additional related attribute: the “Completeness” field defining if the rock glacier is completely visible or not (complete, 

unclear connection to the upslope, truncated front, uncertain). 
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 Spatial connection to the upslope unit (talus-, debris mantle-, landslide-, glacier-, glacier forefield-, poly-connected, 

other, uncertain, unknown). 205 

Additional related attributes: the “Upslope current” field defining if the rock glacier is currently connected to the 

upslope unit or not, and a “Comment” field to further describe morphological characteristics.  

 Kinematic attribute (< cm/yr, cm/yr, cm/yr to dm/yr, dm/yr, dm/yr to m/yr, m/yr, > m/yr, undefined). 

Additional related attributes: the “Type of Data” field to define the type of data used to assign the kinematic attribute 

(Optical, Radar, Lidar, Geodetic, Other), the “Kinematic Period” field to document the applicable period of the 210 

kinematic attribute (year(s) with available data), the “Reliability” of the kinematic attribute (low, medium, high, 

undefined), and a “Comment” field to document the applied method and the data quality. 

 Activity (active, active uncertain, transitional, transitional uncertain, relict, relict uncertain, uncertain). 

Additional related attribute: the “Activity assessment” field documenting how the activity has been assessed 

(morphological evidence only or with kinematic data). 215 

 Destabilization signs (yes – ongoing, yes – completed, no, undefined). 

 

For the Moving Areas (MA), the following attributes are documented: 

 ID (unique alpha-numerical identifier of the moving area) 

 Velocity class (< 1 cm/yr, 1–3 cm/yr, 3–10 cm/yr, 10–30 cm/yr, 30–100 m/yr, >100 cm/yr). 220 

 Time observation window (text documenting the time period used for the MA detection and characterisation). 

 Reliability of the detected moving area (low, medium, high). 

 Additional comments. 

 

For the Geomorphological Outlines (GO), the following attributes are documented: 225 

 ID (unique alpha-numerical identifier of the moving area) 

 Outline type (extended, restricted, other). 

 Reliability of the front, left margin, right margin, and upslope limit (0 – low, 1 – medium, 2 – high), and Reliability 

Index (automatic summation of the values assigned to the reliability attributes of these four different boundaries). 

 Additional comments. 230 

 

Each attribute is explained in detail in Appendixes A–C (including references to the applicable sections of the RGIK 

guidelines). 
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3.3 Output data: structure and naming convention 

The data package available on Zenodo (Rouyet et al., 2024; https://doi.org/10.5281/zenodo.14501399) includes: 235 

 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: 

 AREA_<AREA_NUMBER>_<AREA_NAME>_<COUNTRY_CODE> 

Example: AREA_5-1_Carpathians_RO 

 AOI, in a polygon vector layer in a gpkg format. 240 

Example: ESACCI-PERMAFROST-IND_SENTINEL1-INSAR_ROGI-AREA_5-1_AOI_2024-fv01.0.gpkg 

 Primary Markers (PM), in a point vector layer in a gpkg format. 

Example: ESACCI-PERMAFROST-IND_SENTINEL1-INSAR_ROGI-AREA_5-1_PM_2024-fv01.0.gpkg 

 Moving Areas (MA), in a polygon vector layer in a gpkg format. 

Example: ESACCI-PERMAFROST-IND_SENTINEL1-INSAR_ROGI-AREA_5-1_MA_2024-fv01.0.gpkg 245 

 Geomorphological Outlines (GO), in a polygon vector layer in a gpkg format. 

Example: ESACCI-PERMAFROST-IND_SENTINEL1-INSAR_ROGI-AREA_5-1_GO_2024-fv01.0.gpkg 

 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. 250 

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

 

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 255 

Segregator>_<Layer Type>_<Indicative Date>-fv<File version>.gpkg 

 <CCI Project>: PERMAFROST. 

 <Processing Level>: Indicator (IND). 

 <Data Type>: <SENSOR>-<METHOD>. <SENSOR> is the primary remote sensing data source used to document the 

kinematics, in this case: SENTINEL-1. <METHOD> is the primary method used to process the kinematic data, in this 260 

case: INSAR. 

 <Product String>: ROGI, for the product Rock Glacier Inventory. 

 <Additional Segregator>: This should be structured as: AREA_<REGION_NUMBER>-<AREA_NUMBER>. 

<REGION_NUMBER> follows the generic CCI Permafrost numbering: 5–Carpathians (Romania); 6–Western Alps 

(Switzerland); 7–Troms (Norway); 8–Finnmark (Norway); 9–Nordenskiöld Land (Svalbard, Norway); 10–Vanoise 265 

Massif (France); 11–Southern Venosta (Italy); 12–Disko Island (Greenland); 13–Northern Tien Shan (Kazakhstan); 14–
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Brooks Range (Alaska, U.S.A.); 15–Central Andes (Argentina), 16–Southern Alps (New Zealand). <AREA_NUMBER> 

is a one- or more-digit(s) number, depending on the numbers of area(s) in the region. For merged products (RoGI in all 

areas), the additional segregator is: ALL-AREAS. 

 <Layer Type>: The individual layers of the vector product are provided in individual or merged files. The code of each 270 

individual layer is as follows: 

 AOI: extent of the ROGI area. 

 PM: layer 1, corresponding to the Primary Markers of the Rock Glacier Units. 

 MA: layer 2, corresponding to the InSAR-based Moving Areas. 

 GO: layer 3, corresponding to the Geomorphological Outlines of the Rock Glacier Units. 275 

The merged data package combining the different layers includes the three codes (PM-MA-GO). 

 <Indicative Date>: Format is YYYYMMDD, where YYYY is the year, MM is the month from 01 to 12, and DD is the 

day of the month from 01 to 31. Annual or multi-annual products are represented with YYYY only. 

 fv<File Version>: File version number in the form n{1,}[.n{1,}] (two digits followed by a point and one or more 

digits). 280 
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4 RoGI results description 

Figure 4 is an example of results of the RoGI multi-operator exercise for a selected area. It illustrates the similarities and 

differences between individual operator results (black dots for RGU PM; dashed lines for RGU GO) and the final products 

(coloured dots for RGU PM; solid lines for RGU GO). Due to the iterative and consensus-based procedure described in 285 

Section 2, the outcome is more than the sum of the individual results. The data package therefore includes the final 

consensus-based products only. 

 

Figure 4: Example of RoGI results in part of area 7-1 NO-T (Troms, Norway), showing a selection of operator and final consensus-

based results (Primary Markers: PM; Geomorphological Outlines: GO). For sake of visualisation, the MA layer is not shown, but 290 

was used to assign the PM kinematic attribute displayed here with a green–red colour scale. Background: NorgeiBilde orthophoto 

(2016-08-2016). 
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In total, 337 “certain” rock glaciers were identified and characterised, and 222 additional landforms were identified as 

“uncertain” (Figure 5). The level of uncertainty varies and reflects the geomorphological complexity of each area. On 295 

average, about 40% of the landforms remain “uncertain”. At these locations, the inventorying teams judged that we need 

more precise data and/or field visits to finalise the assessment. 

 
Figure 5: Relative distribution of the Rock Glacier Units (RGU) identified as “certain” (black) or “uncertain” (grey) in each RoGI 

area resulting from the consensus-based final Primary Marker (PM) layers. The numbers written in the bars correspond to the 300 

absolute numbers of landforms. The area numbers and the acronyms of the corresponding countries are used as x-axis legend 

(RO: Romania, CH: Switzerland, NO: Norway (NO-T: Troms, NO-F: Finnmark, NO-N: Nordenskiöld Land), FR: France, IT: 

Italy, GR: Greenland, KA: Kazakhstan; US: U.S.A.; AR: Argentina, NZ: New Zealand), according to Table 1 naming convention. 

Further analysis in the second phase of the exercise (outlining and characterisation of the attributes) was performed on the 

“certain” rock glaciers only.  305 
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The InSAR-based MA polygons have a wide range of velocities, both between and within the areas (Figure 6). The MA 

layers were used to assign the kinematic attribute (KA) of each RGU, which then was used to assess the activity (Figure 7). 310 

The kinematic and activity attributes of the PM files are therefore related to the MA layers, but the respective information is 

also complementary. While the activity is a convenient way to summary the rock glacier state, the MA layers provide a more 

comprehensive overview of the distribution of the rock glacier creep rate. There are overall more MA polygons than RGU 

PM due to spatial heterogeneities in velocity (i.e., several MA over the same RGU). 

 315 
Figure 6: Relative distribution of the velocity classes of the InSAR-based Moving Areas (MA) in each RoGI area resulting from 

consensus-based final MA layers. The numbers written in the bars correspond to the absolute numbers of landforms. The area 

numbers and the acronyms of the corresponding countries are similar to Figure 5 and according to Table 1 naming convention. 
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Figure 7: Relative distribution of the RGU activity (active, active uncertain, transitional, transitional uncertain, relict, relict 320 

uncertain, uncertain), documented as attribute in the consensus-based final Primary Marker (PM) layers. The numbers written in 

the bars correspond to the absolute numbers of landforms. The area numbers and the acronyms of the corresponding countries 

are similar to Figure 5 and according to Table 1 naming convention. 

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 325 

dominated by large rock glaciers (e.g., area 12-1 Disko Island, Greenland; area 13-1 Northern Tien Shan, Kazakhstan), small 

talus-connected rock glaciers may have been overlooked.  
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Figure 8: Range of RGU sizes within the extended Geomorphological Outlines (GO) in each RoGI area, resulting from the 

consensus-based final GO layers. The horizontal lines in the boxes indicate the median values. The lower and upper limits of the 330 

boxes indicate the 1st and 3rd quantiles. The whiskers highlight the maximum and minimum values. The crosses indicate the 

averaged sizes. The area numbers and the acronyms of the corresponding countries are similar to Figure 5 and according to Table 

1 naming convention. 
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4.1  RoGI area 5-1 RO (Carpathians, Romania) 

RoGI area 5-1 is located in the Southern Carpathians, in Romania (central lat./long. location: 45°23’ N, 22°53’ E). The area 335 

covers an extent of approx. 18 km2. The elevation ranges from peaks up to ~2500 m a.s.l along the southern mountain ridge, 

down to ~1070 m a.s.l. in the valley further north.  

Previous research showed sporadic and isolated patches of permafrost, that are strongly linked with rock glaciers (Ardelean 

et al., 2015; Onaca et al., 2015; Popescu et al., 2024) and classified a small number of rock glaciers as active, with 

displacement rates on the order of cm/yr for the past decades (Necsoiu et al., 2016). 340 

The multi-operator RoGI exercise resulted in the identification of 18 certain rock glacier units, and 11 uncertain features. 

The InSAR-based MA indicate velocities ranging from < 1 cm/yr to 3–10 cm/yr. The assigned KA has contributed to 

classify the RGU activity as relict (12 RGU), and transitional (6 RGU). The averaged size of the mapped rock glaciers is 

~0.07 km2 based on the extended outlines. 

4.2  RoGI area 6-1 CH (Western Alps, Switzerland) 345 

RoGI area 6-1 is located in the upper part of the Réchy valley, in the Western Swiss Alps (central lat./long. location: 46°11’ 

N, 7°30’ E). The area covers an extent of approx. 12 km2. The elevation ranges from peaks up to ~3000 m a.s.l along the 

southern mountain ridge, down to ~2160 m a.s.l. in the valley further north.  

Permafrost is still present in the upper part of the study area, whilst the lower area is mainly dominated by relict rock glaciers 

(Lugon & Delaloye 2001; Marthaler et al. 2008; Tenthorey 1992). The kinematics of the Becs-de-Bosson rock glacier has 350 

intensively been monitored since the early 2000s (Kellerer-Pirklbauer et al., 2024; PERMOS 2024; Perruchoud & Delaloye, 

2007) and displays velocities up to 2 m/yr. Staub et al. (2016) used this site to evidence the dependency of the interannual 

variation of the rock glacier creep rate to the multi-year ground surface temperature forcing. 

The multi-operator RoGI exercise resulted in the identification of 30 certain rock glacier units, and 18 uncertain features. 

The InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 100 cm/yr. The assigned KA has contributed to 355 

classify the RGU activity as relict (23 RGU), transitional (4 RGU) and active (3 RGU). The averaged size of the mapped 

rock glaciers is ~0.03 km2 based on the extended outlines. 

4.3  RoGI area 7-1 NO-T (Troms, Norway) 

RoGI area 7-1 is located in the Kåfjord–Storfjord mountainous region, in Troms County, Northern Norway (central lat./long. 

location: 69°23’ N, 20°26’ E). The area covers an extent of approx. 47 km2. The elevation ranges from peaks up to ~1400 m 360 

a.s.l along the main Ádjit mountain ridge, down to ~400 m a.s.l. along the Skibotn valley flanks. 

Previous research in this area indicated that the combination of seasonal frost and sporadic–discontinuous permafrost 

conditions in the region leads to a wide diversity of periglacial slope processes (Rouyet et al., 2021), including very high 
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velocity rock glaciers (Eriksen et al., 2018). The distribution of relict and active rock glaciers fits the extents of the modelled 

Holocene and present-day permafrost extent in the region (Lilleøren et al., 2012). 365 

The multi-operator RoGI exercise resulted in the identification of 15 certain RGU, and 26 uncertain features. The InSAR-

based MA indicate velocities ranging from < 1 cm/yr to > 100 cm/yr. The assigned KA has contributed to classify the RGU 

activity as transitional (4 RGU), active (10 RGU), and active uncertain (1 RGU). The averaged size of the mapped rock 

glaciers is ~0.03 km2 based on the extended outlines. 

4.4  RoGI area 8-1 NO-F (Finnmark, Norway) 370 

RoGI area 8-1 is located along Store Skogfjorden and Hopfjorden, in Finnmark country, Northern Norway (central lat./long. 

location: 70°45’ N, 27°50’ E). The area covers an extent of approx. 15 km2. The elevation ranges from peaks up to ~535 m 

a.s.l in the southeastern part, down the sea level along the fjord. 

The area is located at the limit of the modelled regional permafrost extent (Gisnås et al., 2017). Although most past research 

has interpreted Finnmark rock glaciers as relict landforms (Lilleøren & Etzelmüller, 2011), a recent multi-methodological 375 

study suggests that some rock glaciers at sea-level are at a transitional stage (Lilleøren et al., 2022). 

The multi-operator RoGI exercise resulted in the identification of 17 certain rock glacier units, and 21 uncertain features. 

The InSAR-based MA indicate velocities ranging from < cm/yr to 30–100 cm/yr. The assigned KA has contributed to 

classify the RGU activity as relict (15 RGU) and relict uncertain (2 RGU). The averaged size of the mapped rock glaciers is 

~0.05 km2 based on the extended outlines. 380 

4.5  RoGI area 9-1 NO-N (Nordenskiöld Land, Norway) 

RoGI area 9-1 is located in the Western part of Nordenskiöld Land on Spitsbergen, the main island of Svalbard (central 

lat./long. location: 77°53’ N, 13°54’ E). The area covers an extent of approx. 10 km2. The elevation ranges from peaks up to 

~900 m a.s.l along the southeastern part of mountain ridge, down to ~50 m a.s.l. on the Nordenskiöldkysten strandflat. 

Past rock glacier research in Svalbard identified low creep rates despite continuous permafrost and ice-rich conditions 385 

(Isaksen et al., 2000; Berthling et al., 1998). Along Nordenskiöldkysten, the apparent standstill of rock glaciers has been 

attributed to the low slope gradients where the rock glaciers flow onto the strandflat (Farbrot et al., 2005). 

The multi-operator RoGI exercise resulted in the identification of 18 certain rock glacier units, and 9 uncertain features. The 

InSAR-based MA indicate velocities ranging from < cm/yr to 30–100 cm/yr. The assigned KA has contributed to classify the 

RGU activity as relict uncertain (3 RGU), transitional (9 RGU), and active (6 RGU). The averaged size of the mapped rock 390 

glaciers is ~0.04 km2 based on the extended outlines. 
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4.6  RoGI area 10-1 FR (Vanoise Massif, France) 

RoGI area 10-1 is located in the Vanoise massif in France, in the Western European Alps (central lat./long. location: 45°19’ 

N, 6°37’ E). The area covers an extent of approx. 37 km2. The elevation ranges from peaks up to ~3150 m a.s.l in the 

southern part, down to ~1710 m a.s.l in the valley further north. 395 

Previous research in this area indicated that sporadic and discontinuous permafrost conditions in the region leads to a wide 

diversity and complexity of periglacial slope processes and several examples of rock glaciers destabilisation (Marcer et al., 

2021). 

The multi-operator RoGI exercise resulted in the identification of 49 certain rock glacier units, and 51 uncertain features. 

The InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 100 cm/yr. The assigned KA has contributed to 400 

classify the RGU activity as uncertain (2 RGU) relict (8 RGU), transitional (13 RGU), active (20 RGU), and active uncertain 

(6 RGU). The averaged size of the mapped rock glaciers is ~0.03 km2 based on the extended outlines. 

4.7  RoGI area 11-1 IT (Southern Venosta, Italy) 

RoGI area 11-1 is located in Solda valley (Suldental), a tributary valley of the Venosta valley (Vinschgau), in western South 

Tyrol, Italy (central lat./long. location: 46°33’ N, 10°36’ E). The area hosts two hanging valleys and covers an extent of 405 

approx. 19 km2. The elevation ranges from peaks up to ~3545 m a.s.l for Cima Vertana in the eastern divide, down to ~2120 

m a.s.l further southwest. 

According to a recently compiled geomorphological inventory, the area is characterised by highest rock glacier density 

within South Tyrol (~ 1.1 #/km2 against a regional average of 0.54 #/km2) (Scotti et al., 2024). Prior work identified 803 

rock glaciers across the broader Southern Venosta area, using InSAR to characterise the kinematics. Of these, 42% were 410 

classified as moving (> 1 cm/yr), 40% as not moving (< 1 cm/yr), and 18% as kinematically undefined. 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. 

The multi-operator RoGI exercise resulted in the identification of 39 certain rock glacier units, and 13 uncertain features. 415 

The InSAR-based MA indicate velocities ranging from < cm/yr to > 100 cm/yr. The assigned KA has contributed to classify 

the RGU activity as relict (6 RGU), transitional (19 RGU), and active (14 RGU). The averaged size of the mapped rock 

glaciers is ~0.05 km2 based on the extended outlines. 

4.8  RoGI area 12-1 GR (Disko Island, Greenland) 

RoGI area 12-1 is located along the northeastern coast of Disko Island, Greenland (central lat./long. location: 69°51’ N, 420 

52°33’ W). The area covers an extent of approx. 82 km2. The elevation ranges from peaks up to ~1330 m a.s.l mountain tops 

in the southwestern part, down to sea level. 
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There is a high density of rock glaciers in the area, previously explained by the combination of continuous permafrost and 

the abundance of heavily weathered basaltic bedrock (Humlum, 1996). Previous studies have already pointed out that 

tongue-shaped rock glaciers fed by glaciers in the hinterland are difficult to distinguish from debris-covered glaciers 425 

(Humlum, 1982). 

The multi-operator RoGI exercise resulted in the identification of 29 certain rock glacier units, and 19 uncertain features. 

The InSAR-based MA indicate velocities ranging from < cm/yr to > 100 cm/yr. The assigned KA has contributed to classify 

the RGU activity as uncertain (2 RGU), relict (1 RGU), relict uncertain (9 RGU), transitional (8 RGU), and active (9 RGU). 

The averaged size of the mapped rock glaciers is ~0.05 km2 based on the extended outlines. 430 

4.9  RoGI area 13-1 KA (Northern Tien Shan, Kazakhstan) 

RoGI area 13-1 is located in the central part of Ile Alatau (also Zailiskiy Alatau), Northern Tien Shan in Central Asia (central 

lat./long. location: 43°0’ N, 77°1’ W). The area is located in Southern Kazakhstan, close to the border with Kyrgyzstan. The 

area covers an extent of approx. 59 km2. The elevation ranges from peaks up to ~4365 m a.s.l in the eastern part, down to 

~2570 m a.s.l in the valley in the northwest. 435 

Previous research has shown that rock glaciers are abundant in entire northern Tien Shan (Gorbunov and Titkov, 1989; Kääb 

et al. 2021; Titkov, 1988). More detailed investigations of the rock glaciers in the central part of northern Tien Shan 

highlighted the existence of several large complex rock glaciers, which originate in elevations where permafrost is very 

likely and flow down to elevations where permafrost is sporadic (Bolch & Gorbunov, 2014; Marchenko et al. 2001). Many 

rock glaciers in this region are highly active with average surface velocities of 1 to more than 2.5 m/yr (Gorbunov et al. 440 

1992, Kääb et al. 2021). 

The multi-operator RoGI exercise resulted in the identification of 14 certain rock glacier units, and 16 uncertain features. 

The InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 100 cm/yr. The assigned KA has contributed to 

classify the RGU activity as transitional (1 RGU) and active (13 RGU). The averaged size of the mapped rock glaciers is 

~0.35 km2 based on the extended outlines. 445 

4.10 RoGI area 14-1 US (Brooks Range, U.S.A.) 

RoGI area 14-1 is located in the Brooks Range, in Northern Alaska, U.S.A. (central lat./long. location: 68°6’ N, 149°58’ W). 

The area covers an extent of approx. 21 km2. Elevation ranges from peaks up to ~2070 m a.s.l in the central part of the area, 

down to ~1120 m a.s.l. in the valleys further North. 

The area is underlain by continuous permafrost. Limited previous research in this area mapped rock glaciers between 900 450 

and 2000 m a.s.l., and occurring mainly on the north side of the Brooks Range (Calkin, 1987; Ellis and Calkin, 1979; Ikeda 

et al., 2008). Previous measured rates of two rock glaciers in the 1980s were 10 and 40 cm/yr (Calkin, 1987). 

The multi-operator RoGI exercise resulted in the identification of 14 certain rock glacier units, and 14 uncertain features. 

The InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 100 cm/yr. The assigned KA has contributed to 
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classify the RGU activity as relict (3 RGU), transitional (2 RGU), and active (9 RGU). The averaged size of the mapped rock 455 

glaciers is ~0.07 km2 based on the extended outlines. 

4.11 RoGI area 15-1 AR (Central Andes, Argentina) 

RoGI area 15-1 is located in the Central Andes, West from Mendoza, Argentina (central lat./long. location: 32°59’ S, 69.34° 

W). The area covers an extent of approx. 55 km2. Elevation ranges from up to ~5530 m a.s.l for the southernmost peaks, 

down to ~3570 m a.s.l in the valley in the northern part of the area. 460 

Previous studies reported an exceptional density of rock glaciers in the Central Andes of Argentina (Zalazar et al., 2020), 

where permafrost occurs from ~3600 m a.s.l. upwards (Trombotto Liaudat, 2000). Recently, significant surface 

displacements between 0.37 and 2.61 m/yr were assessed for large complex rock glaciers in the region (Blöthe et al.,2020), 

and short-term active layer monitoring documented the degradation of ice-rich permafrost in rock glaciers (Trombotto Liadat 

and Bottegal, 2019). 465 

The multi-operator RoGI exercise resulted in the identification of 70 certain rock glacier units, and 18 uncertain features. 

The InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 100 cm/yr. The assigned KA has contributed to 

classify the RGU activity as relict uncertain (3 RGU), transitional (19 RGU), active (42 RGU), and active uncertain (6 

RGU). The averaged size of the mapped rock glaciers is ~0.12 km2 based on the extended outlines. 

4.12 RoGI area 16-1 NZ (Southern Alps, New Zealand) 470 

RoGI area 16-1 is located in the Ben Ahau Range, part of the Southern Alps of New Zealand (central lat./long. location: 

43°59’ S, 170°3’ E). The study area covers an extent of approx. 7 km2. Elevation ranges from peaks up to 2431 m a.s.l for 

the highest peak in the north, down to ~1600 m a.s.l in the westernmost valley. 

In two previous studies in the study area, Sattler et al. (2016) identified two relict, four inactive, and six active rock glaciers, 

based on aerial image analysis only, while Lambiel et al. (2023) reported the presence of ten transitional and two active rock 475 

glaciers, using Sentinel-1 InSAR data. 

The multi-operator RoGI exercise resulted in the identification of 24 certain rock glacier units, and 6 uncertain features. The 

InSAR-based MA indicate velocities ranging from 1–3 cm/yr to > 10–30 cm/yr. The assigned KA has contributed to classify 

the RGU activity as relict (9 RGU), transitional (10 RGU), and active (5 RGU). The averaged size of the mapped rock 

glaciers is ~0.03 km2 based on the extended outlines. 480 

5 Uncertainties and limitations 

5.1 Documentation of uncertainties 

In the attribute tables of the three GeoPackage files, various fields document the reliability of the mapping and morpho-

kinematic assessment: 
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 For the PM files, an attribute “uncertain” describes ambiguous areas that should be investigated in the future (need for 485 

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 example for the “Kinematic” attribute). Additional comments describing the error sources and ambiguities in the 490 

interpretation can be written in “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 velocity classification and the delineation of the moving areas based on the 

available InSAR data. When medium–low reliability is set (uncertain InSAR signal and/or unclear MA outlines), 

information on the uncertainty sources can be described in a “Comment” field. 495 

 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). The summation of the scores 

(0–8) gives a general estimate of the outline reliability for the entire landform. 

5.2 Quality assessment of the RoGI products 

Here we summarize the observations about the quality of the three output files, based on the results in the 12 areas and the 500 

feedback of the operator teams. 

5.2.1  Quality of the PM products 

 The quality of the PM products depends on the availability, resolution, and quality of the source data, which varies 

among the areas. Optical imagery affected by shadows, clouds, or snow cover led to increased uncertainty in some 

areas (e.g., area 12-1 Disko Island, Greenland; area 14-1 Brooks Range, U.S.A.). In warm regions in the marginal 505 

permafrost zone (e.g., area 5-1 Carpathians, Romania), relict landforms with vegetation cover were hard to identify 

without detailed analysis of terrain hillshades (from LiDAR DEM to filter out the vegetation). In areas dominated by 

large glacier-connected or glacier-forefield-connected rock glaciers, small talus-connected rock glaciers tended to be 

overlooked, which may explain the different size distribution between the areas (see Figure 8). The identification of 

small and relatively shallow rock glaciers developed on debris-mantled slopes might be challenging, as they often do 510 

not exhibit well-defined rooting zones and lateral margins (e.g., in area 11-1 Southern Venosta, Italy). 

 The level of geomorphological complexity and the interactions with other glacial and periglacial processes vary among 

the areas. Several teams reported the challenges of discriminating landforms due to the glacier–rock glacier continuum 

(e.g., area 13-1 Northern Tien Shan, Kazakhstan; area 14-1 Brooks Range, U.S.A.; area 15-1 Central Andes, Argentina) 

or between rock glacier landforms and complex morainic systems in the case of rock glaciers derived from former (late-515 
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glacial) glacier-forefield (e.g., in area 6-1, Western Alps). The imbrication with other types of periglacial processes also 

leads to ambiguities in the landform discrimination (e.g., large coarse solifluction lobes and rockslide deposits, e.g., in 

area 8-1 Finnmark, Norway). In such cases, the final products include many “uncertain” PM and several cases with 

unclear upslope connections. In areas with landslides (e.g., area 7-1 Troms, Norway; area 10-1 Vanoise Massif, 

France), there were difficulties in assigning the type of upslope connection. The “landslide-connected” upslope unit is 520 

somewhat ambiguous, as it often practically means that there is a poly-connection (talus+landslide). In such cases, the 

high level of discrepancy between operators required some discussions to agree on a final category. 

 The main challenge reported by all teams is related to the variable level of details applied to discriminate landforms 

with complex morphology. There were discrepancies among the operators in the way to interpret multi-unit systems 

and discriminate the units. In complex cases, some operators considered the landforms as one main complex unit (one 525 

PM), while others identified several units (several PM). After discussions, consistent solutions were found within each 

area. There are remaining differences between the areas due to the variable geomorphological complexity.  

 The quality of the attribute characterisation depends on the complexity of the study area. In cold-climate regions with 

continuous permafrost (e.g., area 9-1 Nordenskiöld Land, Norway), one challenge is related to the kinematic and 

activity attributes. Although the landforms are “active” in the traditional sense (i.e., intact, with presence of 530 

permafrost), some are very slowly creeping and so fall into the transitional–relict category according to the current 

RGIK definition (low efficiency of sediment conveyance). The activity is also challenging to assess in areas where the 

contrast in surface material between the rock glacier surface and the front is generally low (e.g., area 16-1 Southern 

Alps, New Zealand). In such cases, the front is generally smooth, which makes it is hard to discriminate active from 

transitional rock glaciers without kinematic information.  535 

5.2.2  Quality of the MA products 

 InSAR was useful for identifying moving rock glaciers, in addition to providing a semi-quantitative information about 

their creep rates. When used iteratively with PM detection (see Figure 2), the MA step allowed for including landforms 

that may have been overlooked when only applying a geomorphological approach. It was especially valuable in areas 

where optical imagery was affected by shadows, clouds, or snow cover. 540 

 The accuracy of the kinematic analysis varied between areas due to unequal data availability. Some areas had a variety 

of InSAR data from different SAR sensors and processed with different algorithms (single interferograms, stacking and 

PSI), providing a wide range of detection capabilities. In such cases, the areas with no MA could reliably be interpreted 

as “no movement” (i.e., movement < cm/yr), and high to very high velocity can be discriminated (dm–m/yr, m/yr or > 

m/yr). However, some areas had fewer datasets and longer Sentinel-1 repeat-pass time interval (extra-European areas, 545 

e.g., area 14-1 Brooks Range, U.S.A.), which led to reduced maximal detection capability. Using Sentinel-1 12d repeat-

pass only, it is indeed not possible to discriminate m/yr to > m/yr kinematic categories. 
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 The InSAR interpretation resulted in discrepancies between operators. All teams reported that it was the hardest step of 

the RoGI procedure due to variable backgrounds of the operators. A consensus-based process was difficult to perform, 

due to variable levels of experience with InSAR, the different ways to look at all available datasets, and the variable 550 

levels of details in systematically outlining the MAs. In most cases, the same MA were similarly identified and 

delineated, but the velocity classes were sometimes assigned differently. Despite this challenge, many operators 

reported that the work was highly educative, and all teams had at least one operator well-experienced with InSAR, 

which ensured high quality in the final results. 

 In general, major fast-moving MA were detected with few variabilities among operators, while small and slow MA 555 

were more difficult to interpret. In marginal permafrost zones (e.g., area 5-1 Carpathians, Romania; area 8-1 Finnmark, 

Norway), there is a dominance of transitional and relict rock glaciers characterised by little (or no) movement. The MA 

are small and with low velocity, and therefore hard to identify compared to other areas characterised by strong InSAR 

signal on interferograms with short time intervals between the compared images.  

 In cold regions with continuous permafrost, the ground is highly dynamic during the thawing season, which makes it 560 

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 (e.g., area 9-1 Nordenskiöld Land, Norway).  

5.2.3  Quality of the GO products 565 

 The main difficulty was to delineate the boundary between the rock glacier and its contributing area, depending on the 

type of upslope connection. For glacier-connected or glacier-forefield-connected rock glaciers, the location of the upper 

boundary was often ambiguous, and the corresponding outline reliability therefore set to “low” in the attribute table 

(e.g., area 13-1 Northern Tien Shan, Kazakhstan; area 15-1 Central Andes, Argentina). For talus-connected rock 

glaciers, there were discrepancies on how to draw the upper outline: straight line on the upslope area of the rock glacier, 570 

versus a curved connection to avoid the inclusion of talus cones feeding the rock glacier. The teams discussed this 

challenge and agreed on drawing a curved line, continuing the delineation of the front and margins while following the 

topography. 

 In some cases, the delineation of the front was challenging, especially if the toe of the rock glacier was reworked by 

other processes, such as solifluction (e.g., area 14-1 Brooks Range, U.S.A.). Some problems were identified in cases of 575 

exaggerated fronts blended with the downside talus slope (e.g., area 16-1 Southern Alps, New Zealand). Small debris-

mantled rock glaciers often had ambiguous margins, challenging for outlining (e.g., area 11-1 Southern Venosta, Italy). 

Such complicated cases were discussed during team meetings to find a mutually agreeable solution. When the location 

of the boundary was uncertain, the corresponding outline reliability was set to “low” or “medium” in the attribute table. 
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 Complex rock glacier systems with several rock glacier units were the most challenging landforms to outline. The 580 

delineation was especially difficult in the case of adjacent landforms or several generations of partly overlapping rock 

glacier units. In some cases, several units initially identified with different PM in the first phase of the exercise were not 

outlined separately in the second phase (too complex). The two phases (PM identification and GO delineation) were 

performed iteratively. When the outlining process highlighted that multi-unit discrimination was bringing too much 

uncertainty, the PM numbers and locations were revised (simplification) (e.g., area 7-1 Troms, Norway; area 13-1 585 

Northern Tien Shan, Kazakhstan; area 15-1 Central Andes, Argentina).  

 Combining different data sources with variable acquisition times, snow/vegetation covers, and sunlight directions 

helped interpreting and mapping some rock glaciers. On the other hand, some areas are affected by georeferencing 

shifts between the different optical data sources available in the online services (e.g., area 8-1 Finmark, Norway; area 9-

1 Nordenskiöld Land, Norway). These shifts may explain some discrepancies among operators, depending on the main 590 

source used to digitalise the boundaries. The scale and level of details used to perform the outlining work also varied 

between the operators. This challenge did not affect the consistency and quality of the final products that were 

discussed within the teams and accordingly revised by each PI. The data source used for the final outlines is specified 

in the attribute table. 

5.3 Quality assessment of the multi-operator RoGI procedure 595 

Here we summarize the observations about the multi-operator RoGI procedure, based on the results in the 12 areas and the 

feedback of the operator teams.  

5.3.1 Value of the RoGI exercise and the multi-operator procedure 

 The steps and instructions of the exercise were generally assessed as clear and easy to follow. The operators reported 

that they liked the structure and clarity of the provided GIS and data packages. Thus, it is promising to apply the same 600 

structure in new regions and therefore ensure consistency in future RoGI data compilation. 

 Each team had two multi-operator meetings, with 3–10 people attending. The size of the teams proved ideal for such an 

exercise, as more people would have been challenging to manage and ensure efficient discussions. In some cases, the 

digital meetings were complemented with email interactions (e.g., sharing of comments in documents, prints screens, 

powerpoints, and sending recording of meetings). All types of communication were found valuable, both for personal 605 

learning purpose and for improving the quality of the final products.  

 Having operators with different skills and backgrounds was found to bring in added value to the final results. The 

combination of different points of view and experiences from several regions around the world ensured that various 

morpho-kinematic elements were identified and taken into consideration. 
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 Although InSAR interpretation has been identified as the most challenging step due to little experience for some 610 

operators, several teams report that the data were useful at different levels, for example simply to detect moving 

landforms that may not be so obvious on optical images only. 

5.3.2 Challenges and suggestions to improve the RGIK procedure and guidelines 

 The consensus-based procedure generally worked well for the PM identification, the GO delineation, and the 

categorisation of key attributes (e.g., upslope connection, kinematics, and activity). However, some steps cannot be 615 

comprehensively assessed during team meetings. It is for example not feasible to collectively discuss all details of the 

InSAR interpretation. Practically, the PIs compared their own results with those of the other operators, and corrected 

their results when mistakes were found. A comprehensive consensus-based process can work but only on a small set of 

rock glaciers, which could then be used for adjusting the assessment criteria before upscaling.  

 The InSAR interpretation was challenging for operators without past experience with these types of data. Despite 620 

discrepancies in the quality of some individual results, that issue did not impact the final products, as each team 

included at least one person with InSAR experience. Nevertheless, the teams suggested various ways to improve this 

part in the future, such as 1) adding new examples in the guidelines on how to read the interferograms, 2) splitting the 

multi-operator process into two separate teams (one with InSAR expertise focusing on the MA part, one with 

geomorphological expertise focusing on the PM/GO and using the final MA for the kinematic assessment), 3) pre-625 

processing the data and providing the velocity products in formats that are easier to interpret by non-experts. 

 The assignment of the activity attribute based on geomorphological and/or kinematic criteria requires clarification in 

the guidelines. It was for instance recommended to avoid overinterpreting the absence of movement, because no MA 

can also mean no data. In such case, some operators only focused on geomorphological criteria without documenting 

the kinematic attribute. A kinematic attribute with low velocity and low reliability index may have been documented, 630 

but was not used to set the activity. For other operators, the lack of movement has been used in synergy with 

geomorphological evidence, as an additional indicator confirming the geomorphological interpretation.  

 As part of the GO step, the upper outline between rock glacier and its contributing area was identified as the most 

challenging part to delineate. The way to draw the upper outline when there is a high level of uncertainty could be 

improved in the RGIK guidelines, based on additional examples, for different landform types and from different places 635 

around the world. The scale of digitalisation was not specified at the beginning of the exercise, which led to 

discrepancies in the outlining level of details and size of the considered landforms. The way to document the data 

source, imagery date and scale of analysis could be improved. When using Bing, Google or ESRI WMS imagery, it is 

important to specify the date that work has been performed as these open services have frequent updates. It was 

encouraged to do it in the field “Comments” or “Kin.Comments” but other elements could be written in these fields, 640 

which led to variable metadata documentation depending on the operator. 
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 Several operators commented that there were many variables to document. The entire inventory process was 

consequently time-consuming, which led to variable levels of details. It should be noted that in the framework of this 

exercise, all steps were required although several elements are presented as “optional” in the guidelines. For example, 

the GO are valuable but are not mandatory to draw. A combination of PM with and without GO is possible within the 645 

same RoGI. One could decide to delineate a large system and mark the locations of several units using PM only (i.e., 

without outlining at the same level). More compact versions of the RoGI protocol could be developed to avoid 

discouraging some groups to follow it. Alternative ways to summarize the essential information contained in the RGIK 

guidelines (short check-list document, flow-chart with link to necessary definitions, video tutorial, etc.) may also help 

RoGI operators to quickly have a clear overview on the tasks to perform. 650 

Overall, despite discrepancies in the individual results, the above issues did not impact the final products. Consistent 

solutions were found after discussion within and among the team(s). 

6  Conclusion: potential use and applications 

The multi-operator RoGI exercise performed in 2023 involved 41 people who applied the RGIK guidelines in 12 areas 

spread around the world. This unique international initiative fulfilled the four initial objectives outlined at the end of Section 655 

1. First, we demonstrated that it was feasible to apply common RoGI guidelines and procedure in various mountainous 

environments. All teams acknowledged that the initiative was highly instructive, thanks to the lively discussions in team 

meetings, the diversity of backgrounds and experiences, and the possibility to perform the work in various geomorphological 

contexts. Second, we identified various limitations (see Section 5) that will serve to improve the RGIK guidelines in the 

future. Third, we developed standardized GIS templates for homogenizing the production of future RoGI and providing 660 

training tools for the community. The GIS templates and two online exercises are already available on the RGIK website. 

Fourth, we compiled and disseminated a homogenized set of RoGI in 12 diverse regions. 

 

The resulting dataset has the potential to be used for several applications. Here we discuss four potential uses: 

 Further investigation in the selected areas and RoGI upscaling: The exercise was performed on relatively small 665 

areas (7–82 km2) to make it feasible to apply the demanding procedure described in Section 2. All PIs and involved 

research groups acknowledged the educational value of the process and the lessons learnt during the exercise will 

contribute to continue their work in the regions, with the long-term objective to upscale the RoGI to entire mountain 

ranges. The landforms, for which the current characterisation was uncertain with the applicable data, may be 

investigated further during future targeted fieldwork campaigns or when new datasets become available. 670 

 Rock glacier selection for Rock Glacier Velocity (RGV) monitoring: Following the recent acceptance of RGV as a 

new parameter of the ECV Permafrost (WMO, 2022; Streletskiy et al., 2021), one important task of the community is 

to monitor the interannual velocity changes of selected rock glaciers, using in situ and/or remote sensing techniques. It 
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is highly recommended to have a good understanding of the rock glaciers selected for long-term monitoring and 

exploitations as climate change indictor. The development of comprehensive RoGI in several regions is therefore a 675 

valuable first step to design monitoring strategies in each area (RGIK, 2023c). 

 Educational training tools for enhancing the systematic generation of RoGI worldwide: The international multi-

operator exercise highlighted the variety of rock glacier morphologies and characteristics across the selected mountain 

ranges, showing the importance of illustrating the RGIK guidelines with examples from different regions. The operator 

comments show the need to promote the guidelines with alternative tools (e.g., compact version of the RoGI protocol, 680 

short check-list document, flow-chart summarizing the main steps with links to necessary definitions, video tutorial, 

additional GIS training tools based on the present dataset, etc.). New training material, partly based on our RoGI 

dataset, may contribute to promoting and supporting the generation of RoGI in under-studied regions. 

 Training data for automated inventorying techniques: There is a growing interest in the community for developing 

automated solutions for RoGI generation at a large scale, using machine learning (Erharter et al., 2022; Mahanta et al., 685 

2024; Robson et al., 2020; Sun et al., 2024). Per definition, machine learning requires high-quality datasets to train the 

model. Transferability is typically a challenge. If the input data is clustered in a small area, the model may fail to map 

rock glaciers in another region with different conditions. In this respect, despite the few landforms in each area, our 

dataset covers a wide range of topographic, geological, and climatic conditions. To our knowledge, this is the first 

publicly released dataset that combines RoGI in ten different countries and five continents, which will hopefully be 690 

valuable for machine learning applications.  

Data availability 

The final PM/MA/GO dataset is available on Zenodo (Rouyet et al., 2024; https://doi.org/10.5281/zenodo.14501399). The 
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on the RGIK website (https://www.rgik.org). 695 
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Appendix A: Attribute Table of the Primary Marker (PM) files 

Attributes of the Primary Marker (PM) gpkg files (M: mandatory attribute; O: optional attribute). The last column refers to 950 

the sections of the RGIK guidelines documenting the recommendations for identifying rock glaciers and assigning values to 

each attribute. At the time of the exercise, the table referred to the sections of several dedicated documents (RGIK, 2022a; 

2022b; 2022c). The RGIK RoGI guidelines have since been merged into one reference document (RGIK, 2023a). The 

following table has therefore been updated accordingly. 

Attribute Description Values RGIK guidelines 

fid (M) Unique identifier of the Primary Marker.  Automatic filling  

Landform (M) 

This attribute allows the operators to point out some landforms 

that look like rock glaciers, but which are not. ‘Uncertain rock 

glacier’ is an option in case of suspected rock glacier but still 

uncertain based on the available data.  

‘Rock glacier’ is the default value. 

0. Uncertain rock 

glacier  

1. Rock glacier 

2. Not a rock glacier 

RoGI guidelines chap. 3 

(sections 3.1 and 3.7) 

RoGI guidelines chap. 5 

(section 5.1) 

WorkingID (O) 
Practical identifier chosen by the operator (e.g., TYR001, 

TYR002, ... for an inventory in Tyrol). 
Text  

Lat. (M) Latitude of the Primary Marker in decimal degrees. Automatic filling  

Long. (M) Longitude of the Primary Marker in decimal degrees. Automatic filling  

PrimaryID (M) 

RGU + 12 to 15 digits depending on the “Lat.”, “Long.” 

values. Always 4 digits after the degrees. 

(e.g., RGU34567S123456E means 3,4567° South and 12,3456° 

East) 

Automatic filling 
RoGI guidelines chap. 5 

(section 5.2) 

Alter.ID1 (O) Alternative local or regional name Text  

Alter.ID2 (O) Identifier used in a previous inventory. Text  

Assoc.RGS (O) 
Defines if the Primary Marker is part of a mono-unit system 

(‘Mono-unit RGS’) or a multi-unit system (‘Multi-unit RGS’).  

1. Mono-unit RGS 

2. Multi-unit RGS 

RoGI guidelines chap. 3 

(section 3.2) 

RGS.Primar (O) 

Primary ID of the associated rock glacier system.  

RGS + 12 to 15 digits depending on the “Lat.”, “Long” values. 

Always 4 digits after the degrees.  

Automatic filling  

Morpho. (O) 
Defines if the rock glacier identified by the primary marker is a 

rock glacier with simple or complex morphology. 
1. Simple RoGI guidelines chap. 3 
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2. Complex (section 3.2) 

RoGI guidelines chap. 5 

(section 5.3) 

Complet. (O) 

Defines if the rock glacier identified by the Primary Marker is 

completely visible or not. 

‘No, Ups.Con’ means that it is not complete due unclear 

upslope connection (e.g., overlapping of several rock glaciers 

generations). 

‘No, truncated front’ means that it is not complete due to 

truncated front. 

‘Uncertain’ when data or analysis do not allow to decide. 

1. Yes 

2. No unclear 

connection to the 

upslope 

3. No, truncated 

front 

4. Uncertain 

RoGI guidelines chap. 5 

(section 5.3) 

Upsl.Con. (O) 

Defines the geomorphological unit directly located upslope of 

a rock glacier unit or system (5 categories). When dealing with 

uncertain or intermediate situations, 4 additional categories are 

included: ‘Poly-connected’, ‘Other’, ‘Uncertain’ and 

‘Unknown’. 

See related documentation for further information. 

1. Talus-connected 

2. Glacier forefield-

connected 

3. Glacier-

connected 

4. Debris-mantled 

slope-connected 

5. Landslide-

connected 

6. Poly-connected 

7. Other 

8. Uncertain 

9. Unknown  

RoGI guidelines chap. 3 

(section 3.3) 

RoGI guidelines chap. 5 

(section 5.3) 

Upsl.Cur. (O) 
Defines if the rock glacier is currently connected to the upslope 

unit or not. 

1. Yes 

2. No 

3. Uncertain 

4. Unknown 

RoGI guidelines chap. 3 

(section 3.3) 

RoGI guidelines chap. 5 

(section 5.3) 

Comment (O) Comment on possible poly-connection and uncertainty Text  

Acti.Ass. (O) 

Defines how the activity assessment was performed: based on 

geomorphologic evidence only, or with additional kinematic 

data. 

1. Kinematic 

2. Geomorphologic 

RoGI guidelines chap. 3 

(section 3.4) 
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RoGI guidelines chap. 5 

(section 5.3) 

Acti.Cl. (O) 

Activity class assigned to the rock glacier. See related 

documentation for further information. 

Already pre-filled if “Kin.Att.” is filled. 

It is also possible to change the value manually from the drop-

down list, e.g., in case of low reliability of the kinematic 

attribute due to unideal slope orientation (N/S) compared to 

InSAR LOS measurements, the “Kin.Att.” may not be 

representative of the real activity of the rock glacier (based on 

geomorphologic evidence). 

1. Active 

2. Active uncertain 

3. Transitional 

4. Relict uncertain 

5. Relict 

6. Uncertain 

RoGI guidelines chap. 3 

(section 3.4) 

RoGI guidelines chap. 5 

(section 5.3) 

RoGI guidelines chap. 6 

(sections 6.1, 6.2 and 6.3) 

Kin.Att. (O) 
Kinematic Attribute (KA) assigned to the rock glacier.  

Only if “Acti.Ass.” is ‘Kinematic’. 

0. Undefined 

1. < cm/a 

2. cm/a 

3. cm/y to dm/a 

4. dm/a 

5. dm/a to m/a 

6. m/a 

7. > m/a 

RoGI guidelines chap. 6 

(sections 6.1, 6.2 and 6.3) 

TypeOfData (O) 

Type of data used for kinematic assessment. Use 

“Kin.Comment” if you want to add more details about the type 

of date used (e.g., InSAR or SAR offset tracking for ‘Radar’). 

Only if “Acti.Ass.” is ‘Kinematic’. 

‘Other’ can be used if there is a combination of methods (add 

comments in “Kin.Comment”). 

Optical 

Radar 

Lidar 

Geodetic 

Other 

RoGI guidelines chap. 6 

(sections 6.1, 6.2 and 6.3) 

Kin.Period (O) 
Period of the data used to assign the KA (e.g., 2018–2020).  

Only if “Acti.Ass.” is ‘Kinematic’. 
yyyy–yyyy 

RoGI guidelines chap. 6 

(sections 6.1, 6.2 and 6.3) 

Destabili. (O) 
Describes if the rock glacier unit is (ongoing) or has been 

(completed) destabilized. 

0. No 

1. Yes, ongoing 

2. Yes, completed 

3. Uncertain 

RoGI guidelines chap. 3 

(section 3.5) 

RoGI guidelines chap. 5 

(section 5.3) 
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Kin.Comment 

(O) 

Comment regarding kinematic information, data type and 

quality, spatial representativeness, etc. Especially when the 

reliability is low or medium. 

Text  

Rel.Kin. (O) 
Reliability of the assignment of the KA 

Only if “Acti.Ass.” is ‘Kinematic’ 

0. Low 

1. Medium 

2. High 

RoGI guidelines chap. 6 

(sections 6.1, 6.2 and 6.3) 

Country (O) Country Code of the RoGI area. 

RO: Romania 

CH: Switzerland 

NO: Norway 

(T: Troms, 

F: Finnmark, 

N: Nordenskiöld 

Land) 

FR: France 

IT: Italy 

GR: Greenland 

KA: Kazakhstan 

US: U.S.A. 

AR: Argentina 

NZ: New Zealand 

See Table 1 and Section 

3.3 (naming convention). 

 955 
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Appendix B: Attribute Table of the Moving Area (MA) files 

Attribute table of the Moving Area (MA) gpkg files (M: mandatory attribute; O: optional attribute). The recommendations 

for delineating MA based on InSAR and assigning values to each attribute are documented in RGIK (2023b). 

 Attribute Description Values 

Fid (M) Unique identifier of the polygon.  Automatic filling 

MA.ID. (M) 

MA + 12 to 15 digits depending on the 

“Lat.”, “Long” values. Always 4 digits after 

the degrees. 

(e.g., MA34567S123456E means 3,4567° 

South and 12,3456° East) 

Automatic filling 

WorkingID (O) 

Practical identifier chosen by the operator 

(e.g., MA_TYR001, TYR002, ... for a 

moving areas inventory in Tyrol). 

Text 

Ref.PrimaryID (O) 
PrimaryID of the related Rock Glacier Unit in 

the PM attribute table. 
Text 

Vel.Class (M) 

Velocity class: variable characterising the 

surface displacement rate. Using InSAR, it 

refers to velocity observed in the LOS during 

a specified observation time window 

(“Time.Obs.”). 

0. Undefined 

1. < 1 cm/yr (no movement up to some mm/yr) 

2. 1–3 cm/yr (some cm/yr) 

3. 3–10 cm/yr 

4. 10–30 cm/yr (some dm/yr) 

5. 30–100 cm/yr 

6. > 100 cm/yr (m/yr and higher) 

Time.Obs. (O) 

Sensor type used to perform the 

characterisation is documented here. 

Observation time window (period during 

which the detection and characterisation is 

computed/measured, i.e., which 

months/seasons), and temporal frame (total 

duration during which the periodic 

measurements/computations are repeated and 

aggregated for defining the moving area, i.e., 

Text containing: SENSOR(s)_OBSERVATION-TIME-

WINDOW TEMPORAL-FRAME 

e.g., with InSAR data:  

S1 Summer Y1–Y2 (velocity observed from Sentinel-1 with an 

observation time window in summer, each year between year 

Y1 to year Y2)  

TSX Summer Y1, Y2, ... (velocity observed from TerraSAR-X 

with an observation time window in summer, at year Y1, year 

Y2, etc.)  
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which year(s)).  CSK Annual Y1–Y2 (velocity observed from Cosmo-SkyMed 

with an observation time window of one year, each year in 

between year Y1 to year Y2)  

ALOS 08–10 Y1–Y2 (velocity observed from ALOS with an 

observation time window between August and October each 

year between year Y1 and year Y2) 

S1 Summer Y1–Y2 and TSX 10 Y3 (velocity observed from 

Sentinel 1 with an observation time window in summer, each 

year between year Y1 to year Y2 and TerraSAR-X with an 

observation time window centred in October of the year Y3)  

Note: “Summer” period must be described into 

the metadata, and it should be at least 2–3 months 

Rel.MA (O) Reliability of the detected moving areas. 

0. Low: signal interpretation (velocity estimation) and outline 

are uncertain but there is evidence of movement that needs to 

be considered. 

1. Medium: signal interpretation (velocity estimation) or 

outline is uncertain. 

2. High: obvious signal, best appropriate configuration (back-

facing slope) 

Comment (O) 
Comments regarding the detection and 

characterization (if needed). 
Text (250 characters maximum) 

Country (O) Country Code of the RoGI area. 

RO: Romania 

CH: Switzerland 

NO: Norway (T: Troms, F: Finnmark, N: Nordenskiöld Land) 

FR: France 

IT: Italy 

GR: Greenland 

KA: Kazakhstan 

US: U.S.A. 

AR: Argentina 

NZ: New Zealand 

See Table 1 and Section 3.3 (naming convention). 
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Appendix C: Attribute Table of the Geomorphological Outlines (GO) layers 

Attribute table of the Geomorphological Outlines (GO) gpkg files (M: mandatory attribute; O: optional attribute). The last 

column refers to the sections of the RGIK guidelines documenting recommendations for outlining rock glaciers and 

assigning values to each attribute. At the time of the exercise, the table referred to the sections of several dedicated 

documents (RGIK, 2022a; 2022b). The RGIK RoGI guidelines have since been merged into one reference document (RGIK, 965 

2023a). The following table has therefore been updated accordingly. 

Attribute Description Values RGIK guidelines 

Fid (M) Unique identifier of the polygon.  Automatic filling  

PrimaryID (M) 

Unique identifier of the rock glacier unit in the PM attribute 

table. The digitized polygon in this table is necessarily 

associated to the previously created Primary Marker (point 

geometry). The “PrimaryID” must, therefore, be the same as 

the associated Primary Marker. 

Automatic filling 
RoGI guidelines chap. 5 

(section 5.2) 

WorkingID (O) 
Practical identifier chosen by the operator (e.g., TYR001, 

TYR002, ... for an inventory in Tyrol). 
Text  

Out.Type (M) Outline type. 

1. Extended 

2. Restricted 

3. Other 

RoGI guidelines chap. 3 

(section 3.6) 

RoGI guidelines chap. 5 

(section 5.4) 

Rel.Fr. (O) Reliability of the front outline digitalisation. 

2. High 

1. Medium 

0. Low 

RoGI guidelines chap. 5 

(sections 5.4.1 and 5.4.4) 

Rel.LeftLM (O) 
Reliability of the left lateral margin (i.e., orographic 

perspective) outline digitalisation. 

2. High 

1. Medium 

0. Low 

RoGI guidelines chap. 5 

(sections 5.4.2 and 5.4.4) 

Rel.RightLM 

(O) 

Reliability of the right lateral margin (i.e., orographic 

perspective) outline digitalisation. 

2. High 

1. Medium 

0. Low 

RoGI guidelines chap. 5 

(sections 5.4.2 and 5.4.4) 

Rel.Ups.Con. 

(O) 
Reliability of the upslope connection outline digitalisation. 

2. High 

1. Medium 

RoGI guidelines chap. 5 

(sections 5.4.3 and 5.4.4) 
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0. Low 

Rel.Index (O) 

Outline reliability index summing the values assigned to the 

reliability attributes “RelFr”, “Rel.LeftLM”, “Rel.RightLM” 

and “Rel.Ups.Con.”. 

Automatic filling 

From 0 (Low) to 8 

(High) 

RoGI guidelines chap. 5 

(section 5.4.4) 

Comment (O) Comments regarding the outline. 
Text (250 characters 

maximum) 
 

Country (O) Country Code of the RoGI area. 

RO: Romania 

CH: Switzerland 

NO: Norway 

(T: Troms, 

F: Finnmark, 

N: Nordenskiöld 

Land) 

FR: France 

IT: Italy 

GR: Greenland 

KA: Kazakhstan 

US: U.S.A. 

AR: Argentina 

NZ: New Zealand 

See Table 1 and Section 

3.3 (naming convention). 
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