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RoGl kinematic approach w’z* PermaCOST
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* Optional

« As a complement to the geomorphological approach, we analyse where/how the ground surface is moving (kinematic approach)
and relate such observations to the permafrost creep to refine the rock glacier detection and characterisation.

» Any type of ground movement info is valuable, but we need remote sensing to perform the analyse at a regional scale.



https://doi.org/10.51363/unifr.srr.2023.002
https://doi.org/10.1016/j.geomorph.2025.110050

InNSAR-based RoGl kinematic approach w"* PermaCOST

° | — TAr Tl
Focus on the use of Spaceborne Interferometric it aj || oo b) &
Synthetic Aperture Radar (InSAR) products to: = Doy
. ERIEH&;S;:.I”IHE 5 e;‘t\er:cl\‘;;‘;Lth"e |
1) Detect ground surface movement related to rock glacier |
permafrost creep. |
2) Delineate the Moving Areas (MAs) and characterise the velocity. |
3) Use the MA information to assign a kinematic attribute (KA) to the
Rock Glacier Units (RGUs) in the inventory.
4) Use the KA to assess the activity of the RGUs. "
v&s wLos /
Sentinel 6 days - DESC - 20200914 _20200920 0 100 2:]0 o Sentinel 12 days - DESC - 20200908_20200920 0 100 200 m‘
1l 0 2,8 +n ! - || ER __I Zfsc_n? . 1 | — i
Mm:,gnnc::::r = . c) @ [ MD\I:TD“:,:::.;— ’. L 'S‘g}'r""'- g L ol d) @7
il Y |0, R :
) o [JRock glacier . s e 2|} CJRock glacier J&% o o . > ;?
Baseline Concepts and Guidelines extended outline | extended outline (SIS . d iy e )
e L IR O L i 2N
~ Guidelines for Inventorying Rock Glaciers (RoGl) it :
Baseline and Practical Concepts Version 1.0 (Last Updated: 28 December 2023)
Practical InSAR Guidelines Version 4.0 (Last Updated: 31 May 2023)
https://www.rgik.org/resources/ |
Sentinel 48 days - DESC - 20200728 _20200914 0 100 200m Moving areas, rock glacier extended outline and | 0" ‘}ig'o' 200 m
- 1 2,8cm +TT ! 2 Orthoimage (2020)
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https://www.rgik.org/resources/

What is SAR? w’z“ PermaCOST

Sentinel-1 1@5

r SAR image
at time t,

» InSAR uses active microwave sensors: Synthetic Aperture Radar (SAR).
« Mounted on satellites, a SAR can image the Earth over 10s-100s km?.

« With Sentinel-1, images are taken at the same location every 6-12 days.
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What is InNSAR?

w’;* PermaCOST
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Interferogram
> Displacement map .
> Velocity estimate

Interferometric SAR compares
several SAR images to measure the
ground surface movement.

Pair of images (interferograms) with
variable time intervals are used to
document different velocity ranges.

Short time intervals for high
velocity, e.g. 6d, 12d, 24d

Long time intervals for low
velocity, e.g. 1 or 2 year(s)
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Line-of-sight (LoS) measurement geometry w’;* PermaCOST

SAR sensors are side-looking (oblique view).

* InSAR measurements are 1D along the radar
r line-of-sight (LOS).

* InSAR only measures displacement along the

LOS direction: d|,spr # d

 In steep terrain, some surfaces cannot be
documented, e.g. due to shadow.

real

! This cause the top of the mountain
(B) overlain on ground (A) and to
be placed on the image closer to

the sensor

a point B before it

/
P ; E: !
Radar signal reaches by
!z‘\;, A
‘ reaches point A 7 /
=

g https://www.ngu.no/en/geological-mapping/what-

o“a‘ 60\‘4 are-data-properties-and-limitations-insar-norway
N o
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Line-of-sight (LoS) measurement geometry w’“ PermaCOST

Ascending Descending
N, /\N‘ Because the satellite is flying around the Earth, there
b . are two measurement geometries available, with
| ~ two viewing directions.
A \/ With Sentinel-1 (right-looking SAR):
Pt g « When flying from S to N (ascending orbit),
; the sensor is looking eastwards
* When flying from N to S (descending orbit),
v S 5 the sensor is looking westwards.

Satellite orbit
Azimuth angle

/

Satellite orbit

https://www.ngu.no/en/geological-mapping/what-insar

permacost.eu 03/09/2026

cost.eu/actions/CA24157




Line-of-sight (LoS) measurement geometry w’“ PermaCOST

ascending SAR  descending SAR Because the satellite is flying around the Earth, there
’\5) g& are two measurement geometries available, with
N ol two viewing directions.

With Sentinel-1 (right-looking SAR):

* When flying from S to N (ascending orbit),
the sensor is looking eastwards

* When flying from N to S (descending orbit),
the sensor is looking westwards.

rock glacier

kinematics It is usual better to choose the viewing geometries

best aligned with the slope you are studying:

» From rock glaciers on east-facing slopes,
look first at ascending INSAR data

a) 5 » For rock glacier on west-facing slopes,
look first at descending INSAR data.
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INSAR measurement limitations w’;“ PermaCOST

bare rock

Optimal conditions...

and limitations...

The snow is the main limitation in mountains.

It reduces the observation window to the summer season.

« Fewer images usable -> less data redundancy for quality check.

« Potential overestimation of the rock glacier annual velocity if the
landform has seasonal acceleration.

(b) Seasonal acceleration
e.g. rock glacier
order of magnitude: cm to m

ee®
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LOS displacement
away from the radar

~ l
(1 EDSt mfh“e“éﬁ‘,’;;,yeanumon HETEEOELEL Jan. Feb. Mar Apr  May. Jun. Jul. Aug.  Sep.

Oct. Nov. Dec.
f‘; - [N5AR ohservation window q@ J
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Interpretation of interferograms w’z“ PermaCOST

A=wave length

-\
Amplitude

A
\J

// . phase difference = Ar

https://www.ngu.no/en/geological-mapping/what-insar

* InSAR uses the phase of the radar signal, proportional to the
two-way travel path between the sensor and the surface.

* Ground movement is measured as phase differences, which
depends on the radar wavelength A (~5.5 cm for Sentinel-1)

« The maximum displacement measurable between two images
is half the wavelength (~2.75 cm for Sentinel-1).
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Interpretation of interferograms w’z“ PermaCOST

phase phase

A=wave length

Y

A

Amplitude

/ - phase difference = Ar 6“ =
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https://www.ngu.no/en/geological-mapping/what-insar

https.//forum.step.esa.int/

. ] ] 2016 Kumamoto earthquake (Japan) 16.04.2016
* Initial INSAR results from image pairs are represented as 5

wrapped interferograms, i.e. maps with colour cycles
(fringes), representing half the wavelength (4/2).

« To estimate the displacement on wrapped interferograms, we
count the fringes from a location assumed to be stable (e.g.
white dot) until the area of interest (e.g. Kita).

« Example with Sentinel-1 (wavelength 4: ~5.5 cm):
« 3fringesin 12 days = 3*2.75 cm = 8.25 cm
» Extrapolated annual velocity = (8.25/12)*365 = 251 cm/yr
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Interpretation of interferograms

w’;* PermaCOST

Combine different
interferograms to have a wide
range of detection capabillity.

The detectable velocity
depends on the wavelength
and the time interval used to
build the interferograms.

Short time intervals for high
velocity, e.g. 6d, 12d, 24d
Long time intervals for low
velocity, e.g. 1 or 2 year(s)

Deformation rate in the LOS [cm/year]
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https://www.rgik.org/resources/

Interpretation of interferograms w’z* PermaCOST

How to interpret INSAR data for rock glaciers? pas

* Select the SAR geometry the best suited to the - HE
rock glaciers under study (aligned with the slope). - ﬁ‘“ -

* Look at interferograms and analyse the .s ‘ sy
patterns. |deally several interferograms with , y P
different time intervals from different satellites. IO Plain pattern

 Three types of patterns: e
(1) no change defined by a plain pattern, ‘ | "’,,_ AN .tJ'. -If"-' A
I.e. no significant movement 3 Epa L. —— *_p it frugzzrgzt}grn
(2) smooth change with a (partly) fringe pattern, s ”“ L Ko R q%g 72
i.e. movement rate within the detection range 1 7 T
(3) decorrelated signal with a noisy pattern, i _f‘;' | &
i.e. unreliable areas due to snow, vegetation, water w;{,w K ez %

R | sk
or movement rate above the max detection limit. o — 15/09/2017 24/09/2017 (9 days) descendmg
{FENSS T R o sikovionces
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https://www.rgik.org/resources/

Moving Areas (MAs) w’s* PermaCOST

Moving areas a) @ Moving areas b) @

An area at the surface of a rock glacier in which the S ment Choent
extended outline L | extendad outline

observed direction and velocity of the flow field are
spatially consistent and homogeneous during a )
documented time. A0

It must represent the downslope movement rate of the
rock glacier (permafrost creep). Avoid confusion with

movements related to other processes (e.g. melt-induced ——— | | Ee——"8 1 .
bsidence or subjacent landslide) —— - - & e =
Su SI J . MDU:T;::; 3 c) @ r:Movhg areas _ _3‘5:; = .. d) @

[ 30-100 cmyyr
[CJRock glacier

Standard velocity classes: ntillld

W RoGl_MovingAreas_SouthernVenosta

3-10cm/fyr i ﬁ?ﬁ
0 Cmjfyr det 3

-100 cmyf oy

A

Practical InSAR Guidelines https://www.rqik.org/resources

v < 1 emfyr (no movement up to some mm,yr)

v 1-3 em/fyr

v 3-10 em/fyr

v 10-30 cm)fyr

v 30-100 cmyfyr

v = 100 em/fyr

v Undefined ; =gk

f ‘-‘\0‘-“8- ; t g
Sentinel 48 days - DESC - 20200728 _20200914 0 100 500 m Maving areas, rock glacier extended outline and | _mu- 200 m
It R 2.3cm +1 —— Orthoimage (2020) | ——
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https://www.rgik.org/resources/

INSAR MA Delineation % PermacosT

— T '
Manually draw polygons around relevant InSAR patterns. e oy =2

[CJrock glacier [JRock glacier
: |

extended outline extendad outline

How to draw Moving Areas (MAs) on rock glaciers?

- Start with short intervals (6-12d) to detect high G b
velocity MAs. The partial or full fringes appearing on
rock glaciers are related to fast movement (30-100

cm/yr and >100 cm/yr). | S g | | wlos’
 Gradually look at longer intervals (months-years) e || _‘fm& i
to detect lower velocity MA (1-30 cm/yr). ' C)_._@ T i g b iz d) é.
- Draw the MA polygons based on the clearest ST W = x”i’
interferograms and assign the velocity class | vy 1 R 3

depending on the fringe patterns and the days.

Practical InSAR Guidelines https://www.rgik.org/resources

« Check several available interferograms to confirm
that the patterns are consistent. Big differences may
indicate seasonal variability and/or noise in the data.

wlos B e
Maving areas, rock glacier extended outline and |,
Orthoimage (2020)

Sentinel 48 days - DESC - 20200728 _20200914 o 100 200 m
-t W2,8cm +1 e
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https://www.rgik.org/resources/

INSAR MA Delineation % PermacosT

( (C) ~ 08/08-14/08/2018 (6 days)
* Arock glacier can be covered by several MAs and = R i arerrig R
some rock glaciers have no MA (not all rock glaciers AT ETAN Ry

are moving).

« The InNSAR MAs only document where/how the
ground surface is moving. Remain critical to
interpret why it is moving.

| a ¢
. Fringe pattern ; g
E L5 Y HLd

i q
T :
03/08-15/08/2019 (12 days)

« The MA polygons are not always following the rock
glacier outlines due to data gaps (noise/shadow)
and/or movement heterogeneities (stable parts).

* InSAR might help detecting new rock glaciers,
which were not found using orthophotos only.

b . m‘,‘t’.gl.i; e

CL e T

* But InSAR might also detect movement related to L .,
20/08-13/09/2018 (24 days)

RoG kinematic attribute  MA velocity class

other periglacial processes than permafrost creep. & emiyr o dmiyr 3- 10 emiye
. (:nT::OhZ:;r (- ;E:zoc:nir
» The geomorphological and kinematic approaches are [ Ros £ > 100 omiy
complementary and ideally performed together. (f) m"‘wjowardssate'"te
I l;_.g.:;..lﬂzzr[:lfzzl?'?cm
c coskE B . permacost.eu o ...f-}_/,,Away N
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https://www.rgik.org/resources/

Velocity estimation w’z* PermaCOST

Annual velocity (cm/yr) is calculated as disp / time * 365
Towards satellite disp = displacement shown on the interferogram
1 colour cycle (fringe) = 2.75 cm (Sentinel-1)
/2 colour cycle (fringe) = 1.38 cm (Sentinel-1)
n IMU = 2r — A2 s colour cycle (fringe) = 0.69 cm (Sentinel-1)
| time = interval (days) used to generate the interferogram.

/2

Away from satellite For 1 entire fringe cycle on a Sentinel-1 12 days interferogram, the corresponding annual velocity is:

/2 /2 2.75 .
(or 37/2) <7 ¥365 = ——-*365 = 83.6 cm/yr -> velocity class 30-100
SENTINEL-1 (cm/yr) lambda| 5.5
Fringe/days 12 18 24 36 48 54 60 66 96 120 365
1/5 | 0.20 16.7 | 112 | 84 5.6 4.2 3.7 3.3 3.0 2.1
14 | 0.25 139 | 105 | 7.0 5.2 46 4.2 3.8 2.6
\ 1/3 | 0.33 186 | 13.9 | 9.3 7.0 6.2 5.6 5.1 3.5
1/2 | 0.50 279 139 | 10.5 9.3 84 7.6 5.2 . .
f 2/13 | 0.67 186 | 139 | 124 | 11.2 | 101 7.0 56 1.8
3/4 | 0.75 209 | 157 | 139|125 | 114 | 7.8 6.3 2.1
\ 4/5 | 0.80 223 | 167 | 149 | 134 | 122 | 84 6.7 2.2
1 1.00 279 | 209 | 186 | 16.7 | 152 | 105 | 84 2.8
RGIK Velocity class

cm / yr =] 1-3 | 3-10 [10-30 > 100
Courtesy: Diego Cusicanqui, CNES / ISTerre / RGIK
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Velocity estimation w’z* PermaCOST

_'."---:, (C) : 08/08 =14/08/2018 (6 days)

Lo
Plain pattern N .

Some examples/tips (rule of thumb): ¥
« Areas with 1 or more fringe(s) on 6-days S1 interfero or
already decorrelated (noisy pattern): > 100 cm/yr

| a 4
‘. Fringepattern ; 't
E L5 Y HLd

i g 7
Tk :
03/08 -15/08/2019 (12 days)

« Areas with partial fringe on 6-days S1 interfero, 1 or more
fringe(s) on 12-days interfero and decorrelated on monthly
interfero: 30-100 cm/yr

* Areas not visible on 6 days, gradually showing up with
partial fringe on 12-24d interfero, and 1 fringe for monthly
interfero: 10-30 cm/yr

« Areas not visible before monthly interfero, 1 or more
fringe(s) after several months: 3-10 cm/yr

velocity class

T emiyr to dmiyr 3-10 emiyr
« Areas not visible before several months to 1 year: * dmiyriomir 1030 cmiyr
@ miyr or higher [ a0- 100 emiyr
1-3 Cm/yr [ RoG ™7 = 100 omiyr
(f) o2z = Towards satellite
s lﬂ:2r[=lf2:2,??cm
c EDS': H R g permacost.eu Py '::;;'-L'/’JAway from satellite
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https://www.rgik.org/resources/

PermaCOST

= %

». V. &-% 10

T 'ﬁ"’:’ _-.a-.u 3 - i, ,-q-l,r;.--T.‘-
4 A 1 e z.km vy
o o W AR T i
¢ .
s b /R .

e ‘ﬁ.{'xl

v RoGl MovingAreas SouthernVenosta

|| =1 cm/yr (no movement up to seme mm/fyr)
1-3 em/fyr
3-10 cn/fyr
10-30 cm/fyr
30-100 cm/yr
= 100 er/fyr
Undefined

e et R e M et H

Funded by permacost.eu

the European Union

EUROPEAN COOPERATION COStEU/a CtlonS/CA24157

IN SCIENCE & TECHNOLOGY

03/09/2026



Check list / Summary (MA) w’z* PermaCOST

» Choose the SAR geometry according to the slope/rock glacier orientation
» East-facing: best looking at Ascending Interferograms
* West-facing: best looking at Descending Interferograms
* North/South-facing: careful with the interpretation, the velocity is likely underestimated.

» Go through several interferograms with different intervals to cover several velocity ranges
+ Start with small intervals (6-12d) suited for fast movement. Gradually increase the intervals.
* Fast moving areas might show clear fringes with short interferograms but become decorrelate with longer intervals (months-years).
* Slow moving areas might show no pattern on short interferograms (6-12d) but a signal might become visible with longer intervals (months-years).

 Select the clearest interferograms to draw the MA and assign the velocity depending on the fringe/days.
* Important to confirm that the signal is consistent across several interferograms before drawing.
» If there is no clear signal, best not to draw. Some rock glaciers might remain without any MA.
* Repeat the process with various intervals for slower/faster MAs. One rock glacier can be covered by several MAs (contrasting velocities).

SENTINEL-1 (cm/yr) lambda| 5.5
/2 Fringe/days 12 | 18 | 24 | 36 48 54 | 60 | 66 | 96 | 120 | 365
lowards satellite 15 | 020 167|112 | 84 | 56 | 42 | 37 | 33 | 30 | 21 | 17
174 | 025 139 | 105 | 70 | 52 | 46 | 42 | 38 | 26 | 2.1
4 13 | 033 186 | 139 | 93 | 70 | 62 | 56 | 51 | 35 | 2.8
- | VY 12 | 0.50 279 139 | 105 | 93 | 84 | 76 | 52 | 42 | 14
213 | 0.67 186 | 139 | 124 | 112|101 | 70 | 56 | 1.8
34 | 0.75 209 | 157 | 139 | 125 | 114 | 78 | 63 | 2.1
| _ 4/5 | 080 223 | 167 | 149 | 134 | 122 | 84 | 67 | 22
Away from satellite ™355 279 | 200 | 186 | 167 | 152 | 105 | 84 | 28
-/2 RGIK Velocity class
(or 3m/2) cm /yr =1 1-3 [ 3-10 [10-30 > 100
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From Moving Area (MA) to Kinematic Attribute (KA) w’;* PermaCOST

20/08 - 13/09/2018 (24 days) The KA documents the overall kinematic state of the rock glacier

unit (RGU) at the time of the inventory.

The KA consists of semi-quantitative categories expressing the

§ multi-annual downslope velocity of an entire RGU.

§ Objective: summarise/simplify the kinematic info from the MA(s) to a
< s 1o single attribute representative of the entire unit.

§ 10 - 30 emiyr

2

] 30- 100 cmiyr

T

7 > 100 emiyr

Bererrerend

Morpho. (MU

Undefined

The KA is an optional attribute.
Upsl.Cur. |(NU <cm/a

It remains undefined when:

Practical InSAR Guidelines https:

Cm/a
Upsl.Con. | <ML ' ) ) o ) )
cm/a to dm/a e No (reliable) kinematic info is available.
Complet. | (U dm/a e MAs have been detected but they have
: dm/a to m/ ' [ [
6 Kamatic tioute ActiAss. | Kipd G@M/ato m/a an un.deflneql or unrella.ble yelouty.
omiyr to dmiyr m/a e The kinematic information is too
® dmiyrto miyr v KinAtt H
e heterogeneous (many MAs with
@  m/yr or higher . oy
1 Roc Kin. Att, different velocities).
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https://www.rgik.org/resources/

MA to KA translation rules vw’;* PermaCOST

Simple case:

* InSAR performed on back-facing slopes well aligned with the rock glacier creep direction.
« Dominant part of the rock glacier unit covered by one single MA.

A) MAs based on annual interferograms

Velocity classes (annual) Kinematic attribute

MA velocity class
1. <1cmfyr 1. < cm/yr 3-10 cmiyr
2. 1-3 cm/fyr 2. cm/fyr ) 10-30 cmiyr

[ 20- 100 cmiyr

iimmé > 100 cm/yr

B) MAs based on seasonal interferograms

Velocity classes (summer) Velocity classes (annual) Kinematic attribute RoG kinematic attribute
cm/yr to dm/yr

3. 3-10cmjfyr 4-8 cm/yr 3. cm/yr to dm/yr ®  dmiyrto miyr

4. 10-30cmfyr 82-24 cm/fyr 4. dm/yr @ miyror higher

5. 30100 cm/yr 2480 cm/fyr 5. dm/yr to m/fyr [ RoG

6. = 100cm/yr =80 cm/fyr 6. or 7. mfyr or = m/yr *

If the MA is based on summer interferograms only, the velocity estimate must account for seasonal
acceleration. Per default, the annual velocity is estimated 20% lower than the summer velocity.

ocosE @,  Permacosteu 03/09/2026
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MA to KA translation rules vw’;* PermaCOST

Complex cases | e 98
» Several MAs covering the rock glaciers. E;‘gjk“;;g;:{ ﬁ
 Partial coverage. ' 4

Translation rules:
« The category should represent the dominant velocity class of the RGU.

* In case of two equally dominant but directly adjoining KA categories (e.g. 4 and 5),
the category of the area closer to the front is favoured.

* In case of a larger spread of equally dominant categories on the same RGU (e.g. 4 and 6),

Bk

the median category (e.g. 5) should be used. Eﬂ;ﬁ;iz;ejféégzﬁs'acier extended utine ';"5 2
« If MAs show a large heterogeneity over the unit (e.g. > 3 MAs with various velocity categories), MA 10-30 cm/yr
the category “0. Undefined” should be chosen. (dominant & median)
KA -> dm/yr

Metadata linked to KA to document reliability and uncertainties:

» The KA reliability (“Rel.Kin" field): Low, Medium, High (based on the MA quality, coverage and heterogeneity)
* Multi-year validity time period (“Kin.Period” field).

« The type of data ("TypeOfData” field) used to assign the KA.

» Additional information regarding the datasets and the quality of the attribution ("Kin.Comment” field)
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PM/Outline update based on MA/KA

w’;* PermaCOST

Example: RG update (coalescent units) | [ (2) Example: RG update (adjacent units)

; l LI -] ] ‘ g Initial inventory

‘ ‘ -] vectyemyn  The MA/KA info might help updating rock
et glacier location and outlining:
B 310

1-3
0.3-1 Split one unit into several if the kinematic
<0.3 . . . . oy .

B Decorrolated info highlights different velocities that fit

W s with morphological evidence (multiple lobes)

s 1) Coalescent units with variable

movement rates -> update of the units
= 2) Adjacent units with variable movement
rates -> update of the units

Updated inventory

#| RG kinematics
. mlyr . .
B ammivr Discover new landforms, missed using the

B cm-dmiyr geomorphological approach alone

cmlyr

L s 3) Newly detected rock glacier

. Undefined
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From Kinematic Attribute (KA) to Activity w’;* PermaCoST

Activity definition:

Efficiency of sediment conveyance, expressed by the surface movement, at
the time of observation. It should not be used to infer any ground ice content.

Kinematic info is useful to assess the activity.

Three Activity categories:

Category Label Comment Related activity e Active: rock g|acier moving down5|ope
0. Undefined (default category) . over most Of its surface.
1. <cm/yr (no up to very few movement) relict
2. cm/yr (order of magnitude = 0.01 m/yr) transitional « Transitional: rock glacier with slow
3. cm/yr to dm/yr (order of magn!tude = 0.05 m/yr) trar.15|t|onal movement or movement restricted to
4. dm/yr (order of magnitude = 0.1 m/yr) active )
5. dm/yr to m/yr (order of magnitude = 0.5 m/yr) active areas of non-dominant extent.
6. m/yr (order of magnitude = 1 m/yr) active » Relict: Rock glacier with neither
7. >m/yr (more than = 3 m/yr per year) active

geomorphological evidence nor detection
of current movement associated with
permafrost creep.
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Examples of Active Rock Glaciers vv’;* PermaCOST

Rock glacier activity / Active
- = A ; % 50 e 2 =
% Ay

Active: rock glacier moving downslope over most of its surface.

If no kinematic data is available: geomorphological evidence of
downslope movement such as a steep front (steep than the angle
of repose) and possibly lateral margins with freshly exposed
material on top.

If kinematic data is available: coherent downslope movement
over most of its surface. As an indication, the velocity typically
range dm/yr to m/yr or > m/yr.

[llustrations of the RGIK RoGlI guidelines
https://doi.org/10.51363/unifr.srr.2023.002

03/09/2026
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Examples of Transitional Rock Glaciers w’;* PermaCOST

Rock glacier activity / Transitional

Cammenty
Transitional rock .

Transitional: rock glacier with slow movement or movement
restricted to areas of non-dominant extent.

If no kinematic data is available: less distinct geomorphological

evidence of current downslope movement than active rock
glaciers in the same regional context

If kinematic data is available: little to no downslope movement
over most of its surface. As an indication, the velocity is
typically < dm/yr

[llustrations of the RGIK RoGl guidelines
https://doi.org/10.51363/unifr.srr.2023.002
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Examples of Relict Rock Glaciers

Rock glacier activity / Relict

w’;* PermaCOST

7Y

f -
\I'ngpsitional pau
the rock glacien’s n

2 ad

Relict: Rock glacier with neither geomorphological evidence nor
detection of current movement associated with permafrost creep.

If no kinematic data is available: no geomorphological evidence of

recent movement. Subdued topography, smoothed lateral and
frontal slopes/margins, development of vegetation and soil cover.

If kinematic data is available: no detectable downslope movement
over most of its surface
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Check list / Reminder (KA-Activity) w’z* PermaCOST

MA to KA (simple cases): MA to KA (complex cases):
velocity classes (annuall Kinematic attribute » The category should represent the dominant velocity class of the RGU.
1. <1cmfyr 1. < cm/yr * In case of two equally dominant but directly adjoining KA categories (e.g. 4 and 5),
2. 1-3 cm/yr 2. emfyr the category of the area closer to the front is favoured.
Velocity classes (summer) Kinematic attribute * In case of a larger spread of equally dominant categories on the same RGU (e.g. 4
and 6), the median category (e.g. 5) should be used.
j‘ i";:;m‘f::r i' Em‘:;-"rr fo dm/yr * If MAs show a large heterogeneity over the unit (e.g. > 3 MAs with various velocity
5' Sn_lﬂg?m?;r 5' dm ;’::tﬂ m/yr categories), the category “0. Undefined” should be chosen.
Category Label Comment Related activity

0. Undefined (default category)

1. < cm/yr (no up to very few movement) relict

2. cm/yr (order of magnitude = 0.01 m/yr) transitional
KA to ACtiVity: 3. cm/yr to dm/yr (order of magnitude = 0.05 m/yr) transitional

4, dm/yr (order of magnitude = 0.1 m/yr) active

5. dm/yr to m/yr (order of magnitude = 0.5 m/yr) active

6. m/yr (order of magnitude = 1 m/yr) active

7. >m/yr (more than = 3 m/yr per year) active
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