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To the attention of RGIK community

The Pratical INSAR GuidelingtnSARbased kinematic attributes in rock glacier inventories) is a
document describing the recommendatiofts usingSynthetic Aperture Radar Interferometry (INSAR)
to assign kinematic attributes in rock glacier inventories.

This is nota standalonedocument It is a complement to the followingferencedocumentsof the
IPA ActiorGroup on rock glacier inventories and kinematics (RGIK)

i Baseline conceptSowards standard guidelines for inventorying rock glaciers

9 Practical quidelines: Towards stird quidelines for inventorying rock glaciers

9 Baseline concepts: Kinematics as an optional attribute of standatdork glacier inventories

Useful methodological background information aadditional examples on thénterpretation of
INSAR dataan be found irBertone et al. (2022)n the followingdocument, we provide the basics
necessaryto use InSARor the productionof a rock glacier inventoryRoG) (Section 1. Basitsnd
recommendations to perform the work ima standardized GHased tool (Section 2. Practical
guideline$. We recommend to readhis document as a complement of the tutorial tife RoGl
exercise in the Goms valley (Switzerland)

To the attention of ESBECI+ Permafrogixternalpartners

In the framework ofthe European Shace Agency (ESAdlimate Change Initiative (@4 Permafrost
ProjectPhase 12018,2021) severabpartnersworked onassigning kinematic attributes in rock glacier
inventories (RoGls) produced in several regions worldwAdeast version of this document (8.0)
was used togeneratecomparableRoG$ using akinematic approach basedn Synthetic Aperture
Radarnterferometry (INSAR)

In ESA CCIl+ Permafrédtiase 4202212025), a croswalidation exercise in subareastoke 12 initial
regions has beedesignedo identify potential discrepancies betweenultiple operators adjust the
guidelinesand evaluate theguality of the final productsThe selected regions andvolvedpartner
institutions areshown inAnnex C

The present documents an update version (v.4.0) of thBracticallnSARGuidelines. The objective is

to define standard rulego assignan InSAMased kinematic attributéo the rock glacier unitand
generat comparable RoGI productsThis is not a standalone documentConsequently, we
recommend that eachoperator read carefully thefollowing documentsbefore starting the
inventorying pocess:

1 Baseline concepts: Towards standard quidelines for inventorying rock glaciers

1 Practical guidelines: Towards standard guidelines for inventorying rock glaciers

9 Baseline concepts: Kinematics as an optional attribute of standardized rock glacier inventories

The inventorying process follawthe procedure explained in the subfolder INSTRUCTION
(1_RoGlI_practice_instructions.pdf theprojectmade for eactiPermafrost_ccsubareaThe practical
INSAR guidelines focus on delinegtinoving areas using INSAR and assigm8éRbasedkinematic
attributesto inventoried rock glacier units.

Line Rouyeaind Thomas Echelardesponsiblefor troubleshooting and technical support.

Contact line.rouyet@unifr.ct liro@norceesearch.nandthomas.echalard@unifr.ch
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Main acronyms

CClI ClimateChange Initiative

ESA European Space Agency

INSAR Synthetic Aperture Radar Interferometry
IPTA Interferometric Point Target Analysis
KA Kinematic Attribute

LOS Lineof-sight

MA Moving Area

PSI Persistent Scatterer Interferometry
RGU Rock Glacier Unit

RoGl Rock Glacier Inventory

SAR Synthetic Aperture Radar

SBAS Small Baseline Subset



1.InSAR &sics

1.1 InSAR to mapusfacemovement

Differential Synthetic Aperture Radar Interferometry (INSARis a satellite remote sensing technique
used to neasuresurface movemenover large areasThe approacttonsists ofanalysinghe phase
differences between two SAR imagetaken at different times after removal of unwanted phase
componens (e.g.associated witlthe topography othe atmosphere)

The resultingmap of phase differences ieferred to as andinterferogramé @ cohtdins one-
dimensional information about the surface displacemermorresponding to therojection of the real
displacementalong thesensorview angle i.e.the SARline of sight (LOS) (Fgure 13. A single SAR
interferometric observatiortherefore does not allow to fully determine the magnitude and direction
of a surface deformation. Thiaree-dimensional displacement vector camly be computed ifone
assums a certaindisplacementdirection when focusing on a specific procegsg.creepoccurring
along the steepest slope directidar the rock glacies.

A Synthetic Aperture RadaBARis not able taneasuredisplacements that are fully perpendicular to
its LOS andetectsan underestimated displacementf the LOS deviates from the real displacement
orientation. We therefore needo know the measurement geometry of the available datasets to
correctly interpret the interferograms SAR satellites are polar orbiting aimdaging the Edr K Q &
surface aa specifidncidence angle. With a rigtboking sensor, a satellite crossing taguator from
South to North &scending passg@dookstowards East When crossing thé&quator from North to
South flescending passésit lookstowards West(Hgure 1a).

The SARjeometry has an impact dhe achieved spatial coverage mountainous terrain. Northand
Southfacing slopesare difficult to analyse because creeping landforms include a displacement
component perpendicular to theOSorientation.. | O m ¥ I O(qf, Fiqu@ fbp de¥héd as the
western slopswhen viewing in descending modeastern slopsin ascending modeare the most
appropriate configuratiors. The local spatial resolution is less affected by geometric distortions and
the displacement orientation is more or less aligned with the LOS. The diagiag theradar (AcD,
Figure 1b) are lesdavourablefor an INSAR analysis addition, thedifference between theslope
steepnessand the radar incidence angle has to be considered. A steep incidence angle reduces
shadow effects observed in batkcing slopegFcH, Figure 1bbut increases layover effexin slopes
facing the SARB¢D, Figure 1 Consequentlyit is important touse a combinatia of interferograms
with different view angles and geometries (ascending/descending)reestigatedifferent slopes in
aregion
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Figure 1. (a)A displacement (d) vector along the slopg.gdl and the line of sight (LOS) components
measured by INSAR when using SAR images from ascending (asc) and descending (desc) geometries:
dascand diess (b) Geometric distortions frorthe SAR measurement geometry in mountainous regions.

1.2Visualmterpretation of interferograms

The displacementhat occus between the two image acquisitionsan beestimated byvisually
interpreting the interferograms The results are spatially relative toeferenceareaselectedoutside
the studied moving area.The spatial changeof colour in the interferogramexpresses thesurface
displacementprojected onto the LOS directionAn entire colaur cycle {ringe) is equivalent to a
change of halthe SARwvavelength(</2) alongthe LOSduring the time intervalbetween the two
images One phase cycle represeriialf the wavelengttasthe radar signatravels to the ground and
back to the sensor The direction of the change can be enpreted using the key irFigure2.
Consideringoackfacing slopesclockwisecolour changesmean that the radar beam has travelled
further in the second acquisition and thus corresponds townslope process or subsidende the
opposite case, it will be interpreted as upslopedisplacement ouplift.

/2
Towards satellite
T 0=2n=12
Away from satellite
-/2
(or 37/2)

Figure 2 The difference inidplacementate betweenlocations withthe samecolouris a multiple of
<K H® 2 gobyfchanges$h clockwise directigrthe grounchasmoved away from the satellite. In
the opposite direction, the grourithsmoved towards thesatellite.

Theminimum and maximum displacement ratethat can be detected depend on the time interval
the resolution and the SARwavelength of the interferograms (Fgure 3 and Talde 1). The
interferometric SAR signal will become ambiguous when the displacement gradient between adjacent



pixels is higher thahalf of the wavelength during the selected time interval. It will decorrelate when
the changes occurring during the selected time interval arel#wmge within the pixels. Temporal
decorrelation caralsooccurdue tochangesn surface properties (e.gegetation, snovandwetness).
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Figure 3 Deformation rate observed by SAR sensors for the most commonly used time interval. A bar
defines the interval of deformation rate in cm/yr for which a coherent signal can be identified and
interpreted on an interferogram generated with a certain time ia&r It showsthe detection
capability of different INSAR data. The lower limit corresponds tmthinal detectablevelocity (/8

of fringe gcle). The upper limit correspondsthe maximumvelocity (one entiréringe). A movement

lower than the minimm value of the bar is not detectabl&. movement higher than the maxim

value of a bar maglecorrelate on the interferograrfadapted fromBarboux et al. 2014

Table 1.Radar characteristics of thmain SAR systems used in #eercise

Satellite TerrasarX CosmeSkyMedSentinell Radarsat? ALO& SAOCOM
Date from 2007 from 2007 from 2014 from 2007 from 2014 from 2018
Agency DLR ASI ESA CSA JAXA CONAE
Wavelength (cm) 3.1 3.1 5.5 5.6 24.3 235
Band X X C C L L
Incidence angle (°) 20¢45 25¢40 20¢45 35 30c¢40 1850
Range resolution (m) 1¢16 1¢100 5¢25 3¢100 3¢60 5-10
Azimuth resolution (m) 1¢16 1¢3¢100 5¢40 3¢100 3¢60 1050
Scene width (km) 10¢100 10¢200 80g400 50¢500 70 10400
Repeat cycle (day) 11 1¢4¢8¢16 (6)g123 24 14 (8)16°

1 The resolution in range and azimuth depends on the image acquisition mode. Common mode§artighe mode
(extra precise)3ripmap/Sandard mode and Wide/ScanSAR mode (extended).

2 Constellation of smaBatellites for Mediterranean basin Observatiofi éhd 29 satellites launched in 20077¢3n 2008
and 4"in 2010
3 With both satellites operating, the repeat cycle is 6 daysSentinell and 16 days for SAOCOM.


https://doi.org/10.1002/esp.3603

1.3 Interpretation of averaged velogitmaps

To automatically obtain displacement mafesg. with units in cn), a processing step callgzhase
unwrappingis required. This step allows to convert the cyclic phase differences (that range between
- YR b~ 0 Ayid2 (Kédsbbseditiyd SispladémeisS @I t dzS

An advantage of adding an automated unwrapping step is that it alfewincluding and combining
the information from a large amount of interferogran#sl interferogramgwith a chosen time interval
depending on the expected velocity, sEiure 3) can be generated, unwrapped and then averaged
to provideaveragevelocity maygsthat areeasily interpretableThis process isalledINSAR Stacking
Such maps aresuallyexpressed in m/yalong the LOSwith negative values (typically ned) showng
areas moving away from the satellite and positive val(tggically inblue) showing areas moving
towards the satellite.

To take advantage of the redundancy of temporally rtygping interferograms and improve the
measurement accuradg.g. in areas affected by significant atmosphanise) more advancednulti-
temporal INSAR techniquesin be applied. Ttse are typically divided into two main groups:

1 Methods based on locatingersistent Scattererg¢PSs), referred to aPersistent Scatterer
Interferometry (PSlor Interferometric Point Target Analysis (IPT.A stack of interferograms is
generated at full resolution using a singleference scene, i.e.including long (interannual)
interferograms. PSI is typically designed for linear and-shmwing features, and thus does not
allow for correctly quantifying velocities higher than a few cmR&I can be useful for slew
moving landforms, e.g. to discringte transitional and relict rock glaciefSor most active rock
glaciers, PSI must be complemented by single interferogram analysis and/or distributed
scattering INSAR.

1 Methods based obistributed Scattering(DS), referred to aSmall BAseline SubséBBAS) These
methods incorporate a large number of interferograms (multiglierence scenéselow chosen
spatial and temporal baseline thresholds to reduce geometric and temporal decorrelations. The
maxinmnum detection capability depends on the chosen threkhof temporal intervals used to
build the interferogramsfollowing the same logic &Sgure 3

Phase unwrapping and resulting averaged products based on a large amount of interferdgaaiz (
stacking, PSI or SBAS meaewidelyused toproduceone single output and automate the processing
over large regionsHowever, this step may introducdata gapsfrom decorrelation and potential
errors over fastmoving areas as well asin areas with snow or vegetation. Results from INSAR
Stacking PSIPTAor SBASnust therefore beinterpreted carefully and in combination with single
wrapped interferograms.



2. Practi@al guidelines

InNSARJata can be used to characterize rock glacier kinematics. The following recommendations are
stated for a systematic procedure based on theerpretation of wrapped interferogramsfrom a

large INSARdatasetin order to locatemoving areasrelated to rockglaciers and estimate thér
displacement rate. Similarrecommendations could be applied to othéexSARmethods such as
unwrapped interferograms InNSARstacking, PBIPTAor SBASbut the results must bénterpreted
carefully(see Section..3).

Theobjective is to provide the following outputs:

i  The moving areagMAs), a polygon vector layer containing the outlinedvbs identified on the
availablelnSAR data

1 The kinematic attributes (KAs) associated with primary markers (and optionally the outlines) of
the rock glacier unitfRGUs)

2.1InSARlataand GlSstructure
2.1.1Interferograms velocity mapsnd normalization factors

Different SAR sensors can be selected according to their aliglatyid accessibility. To obtain a
comprehensive overview of slope movements in a given region and to prevent focusing on
unrepresentative signalfrom one single interferogramif is essential tause a large set of valid
interferogramsproduced with time intervals from days to years in both orbit modes (ascending and
descending). The major obstacles limiting the successful use of In§lAR@mountain environmerd

are the slope orientation/steepness and the presence of (wet) sri@dected SAR scenes must be
mostly snowfree (e.g. usually between decJuy and Septembec¢October in the Northern
Hemispheré. SAR scenes with a short (daily) time interval can also be used in wintertime, when the
snow is stildry in periods without strongrecipitation or wind Estimating theextent ofold or fresh

snow and the weather conditions (rain evenbccurring on or upto 2 days before each SAR
acquisitionon the basis of available meteorological data has proven to be a helpful step in evaluating
the quality of an interferogramAdditionally the influence ofphase noise and residual unwanted
phase components remaining after INSAR processing (e.g. atmospheric effects) ncosislukered
when interpretinganinterferogram

Different types ofinSARJataand associated fileare usefulto investigate the regiofs) of interest

1 Interferograms MAshave to be identifiedoy analysingseveral interferograms andombining
different time periods (start, middle and end of sndwee seasons)different senses and
wavelengthge.g.Sentinell, TerraSAR andALO$ and different time interva (from day(s) to
year(s)) Both ascending and descendingpdesare required to document areas with different
slope orientationsAreas affected by geometrical distortiosRould bemasked irthe analysed
interferograms

1 Velocitymaps e.g. InSARtacking(whenavailable)Velocity maps based omart time intervals
(6¢12 days for Sentinel) areused to provide the highest detection capability(to 84 cm/yr for
6 days /42 cm/yr for 12 daysiue to potential phase aliasijgAfter unwrapping and averaging,
the maps are expressed in m/yr {(«epending on the movement directions in respect to the
LOS: negative values show areas moving away from the satplisitjve valuesshow areas
moving towards the satellitéloenablealargerange of detection capabilés a multiple stacking
procedurebased on different time intervals catsobe usedFor ahigher accuracin areas with



low velocity PSIPTA can also be usedAs for single interferogramsareas affected by
geometrical distortions should be maskedut.

1 Normalization factors or N-S slopes layerThe normalizationfactor is an indexto re-project the
LOS displacement (i.e. displacement measured along the LOS) along the dirktttateepest
slope.lt ranges between 1 and. The valuel means thathe LOS anthe slope are paralldfideal
case) By increasing the angle between the LO8diion and thesteepestslope direction, the
normal factor increasedn aeaswith a normaizationfactor greater than5, LOSneasurements
from singleinterferogramsor velocity mapsare no longer reliableand should not beused
Normalization factors are used to identify themost appropriate geometry(ascending or
descending) or exclude nemliable pixels.When a MA is visiblein INSAR data fronboth
geometriesthe datawith the lowest normalization factoshould be considered as more reliable
If the normalization factoiis not available, wesdfacingslopes should beanalysedn descending
mode, while eastfacing slopes should beanalysedin ascendingmode. As an alternative to
normalization factors, a layer highlighting thiorth- or Southoriented slopes can be used with
the similar objective to identify areas where INSAR data must be interpreted carefully.

Additional kinematic data (e.g. measurements fromGNSS stations or airborne optical
photogrammetry)can be usedo complement the INSAR datnd consolidae the assignment o&
velocity classo the MAs

The sources ofnSARJata andthe additionaldata used in the inventorying process.¢. DEMs and
orthophotos)shouldnot have been acquirethore than a decade aparand the spatial resolutions of
additional data sets shouloe comparabler higher thanthe spatial resolution of ththSARlata



2.1.2 InSAR database in GIS

The INSARJata are organized in different groups and subgroup#e first group levetiscriminates
betweenthe sensors€.g.Sentinell and ALOS)The second group levaliscriminates betweenthe
geometiies (ascendingASCand descendinddESC)It may also include the layers documenting the
normalization factorsand the velocity maps (InNSAR stacking, PSI/IPTA)he third group level
discriminates betweenthe time intervas used to generate the interferograme..6D, 12Dand24D).

Exampleof GIS structure

A INSAR
A SENTINEL
A AsC
A 6D
- 10 SENT1 _ASC 20190903 20190909 0006 ftflt.tif
- X
A 12D
- 10 _SENT1_ASC_ 20160906 20160918 0012_tflt.tif
- X
A 366D
- 10 SENT1_ASC 20180902 20190903 0366 _tflt.tif
- X
- 10 _SENT1 _ASC norm_factor.tif
- 10_SENT1_ASC_stacking_2018 20109.tif
A DESC
A 12D
- 10 _SENT1_DES 20160910 20160922 0012_tflt.tif
- X
A 24D
- 10_SENT1_DES 20160910_20161004 0024 _tflt.tif
- X
A 366F
- 10 _SENT1_DES 20180918 20190919 0366_tflt.tif
- X
- 10_SENT1_DES_norm_factor.tif
- 10 _SENT1_DES_stacking_2018_2019.tif

The file name of the interferograms has the following format:
Subareanumber_SARsensor_SARgeometry_AcqusitionDayl_ AacqusitionDay2_Timelnterval_tflt.tif
Ex:15_SENT1_ASC_20180212_20180320_036_tflt.tif

The file name of stacking map has the following format:
Subareanumber_SARsensor_SARgeometry FirstYear_LastYear.tif
Ex:10_SENT1_DES_stacking_2018_2019.tif



2.2 ldentify, delineateand characterizanoving area(MAS)

TheMA identification is an initial stepo assigna KA to each inventoried RGU (Section. 2B)MAs
related to rock glaciexrshould be compileéh the polygon vector layedMovingAreas *€.

We recommengroceedingo MA identificationin parallelwith the RGUdentification with primary
markers (iterative process)Firstly,InSARbased MA identification may contribute to detdRGUshat
may have beemmissed in a geomorphological assessmesecondly comparing INSAR with the
location of the primary markers contributes to discard MAs that are related to processesthan
rock glacier creep.

2.2.1 MA definition

A MA is defined as area at the surface of a rock glacier in which the observed direction and velocity
of the flow field are spatially consistent and homogeneous during a documented tirttemust
representthe downdope movement rate of the rock glacier (permafrost creefn)y confusion with
movemens related to other processes (e.g. métiduced subsidence or subjacent landslide) should
be avoided based on geomorphological criteridA definition is describedn detail in theBaseline
concepts document: Kinematics as an optional attribute of standardized rock glacier inesntor

Detecting and quantifyingMAs is technology dependent The present documeniprovides
recommendations for derivingtandardizedMAs using InSARthat will then be usedo assign a KA
to the inventoried rock glacier§Section2.4).

2.2.2 MAidentification

The MA detection is performed by lookingt the textural featuresvisible from wrapped
interferometric phasedifferences(hereafter just nameddinterferograma ¥ Three types ofInSAR
patterns can typically be identified (1) no change definedy a plain pattern(2) smooth change
characterized by a (partly) fringe pattern a(®) decorrelated signal expressed by a noisy pattern
(Figire 4 and Figure &. The texture is evaluated around the considered pideglending orthe size

of the landform that hato be detectedin the neighbouringenvironment The minimaMA extentis
o0FaSR 2y GKS 2 LIS Ndpénadshithe spatidzReSovutoy éf thé igtéferogranthe
filtering applied to reduce noiseas well as the féective size of the landformWe recommend to
delineate aMA onlyif at least 2@30 pixels show alear INSAR pattern

The MA detection is based on the combined visualizatioa st of wrapped interferograms of
various time intervals The error sourcel@.g. due to processingnow cover oatmospheric artefacts)
must be as low as possible to ensure that the resulting data is confidently exploitable for characterizing
surface movement related to rock glacier creep. The combined \datiah of severalwrapped
interferograms avoidfocusing on unrepresentative patterns and isolatecetatts. These effects are
sometimes identifiable with a noisy pattern or with a fringe pattern extended over very large areas.
Atmospheric or snow aefacts often occur ol on a few interferograms, and therefore can be
discriminated from movement bgnalysinga large dataset. Noise patterns related to vegetation or
glaciated area arepersistent over all interferogramand can often be identified by comparing the
interferograms with orthophotosWhen availablelnSAR stacking, SBAS or PSI velocity naapalso
valuable todetect MAs, especially when the objective is to inventory large regions

An estimation of the LOS velocity is possible wherMliAds characterized by a fringe pattern (Section
2.3.3). Whera MAis characterized bg noisy pattern, i.e. whenthe rate of surface movement is too
fast for the selected time interval and the signal is decorrelated, the identification of the position,
extent and outline of fast MAsis still possibleSlow displacement rates (velocitigselow 3 cm/yr)


https://bigweb.unifr.ch/Science/Geosciences/Geomorphology/Pub/Website/IPA/CurrentVersion/Current_KinematicalAttribute.pdf
https://bigweb.unifr.ch/Science/Geosciences/Geomorphology/Pub/Website/IPA/CurrentVersion/Current_KinematicalAttribute.pdf

can be detected butare often difficult to delineate with enough precision based on single
interferograms. Multitemporal InNSAR techniquemcluding interferogams with long temporal
intervals(e.g. PSI) arbetter suitable for detectingslow movemens, as theyexploitthe redundancy

of temporally overlapping interferograms and improve the measurement acgu@g. in areas
affected by significant atmospheriéfects).
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Alps a) outlines ofthe rock glacierare in black, and the location of an investigated asddghlighted

in red. Orthoimages from © Google Earth 204@) Sentinell interferograms from the descending

orbit, including examples of INSAR signal patterns; layover and sha@aw are masked out (black).

(c)Two MAs are detected on the 6d interferogralge) Using 12 and 24d, additional MAs are visible.

This is an example where the MA outlines do not fully match the geomorphological outlinearfkhe

glaciers MAs (Stborde) not related torock glacies are visible and mapped) Based on MAs, the

kinematic attributes are assigned tock glaciersf) Fringe cycle related to the changeaflour. a
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direction Bertone et al., 2022
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2.2.3 MAdelineation

The detectedMA is delineated using a polygon that is manually drawn around threlevant INSAR
pattern. Thepolygon describes an area where a giveBARsignal is detecteth most ofthe available
interferograms.

MAshaveto be outlined according to the following requirements:

1

Outlines should be drawn starting from interferograms witbmall time intervals (andsmall
wavelengtls). Subsequentlyby increasing the time intervals, the outlines can be refined and
additional outlineslandformswith lower velocitieg can be identifiecand drawn. As the extent
of aMA could partly vary depending on the observation time and the velgtyerns the final
outline should delineate A with homogeneous velocity, and the velocity range withila
should fit the classsof velocity definel in Section2.3.3.

The outline does not necessarily fit thgeamorphological outline ofthe related RGU It has to
match the limits othe detected INSAR pattei(frigure 5e).

A MA can override the geomorphological limits @he related RGUFigure 5¢), e.g. when two
overlapping landformsare moving at rateghat are not significantly different.

Several polygons can be related to the same landform and sevBtAk can be ovedpping.
Sower MAs canembed faster ong(Figure 5&

The minimum extent of &MA depends on the spatial resolution of the data inputs and the size
of the landform. Interferograms with high spatial resolution allow for higher detail when drawing
outlines.It is recommended that a fixed precision of the drawn outline is applied fietigg the
size of one or two image pixels of the highest resolution INSAR data available).

Isolated movements, unreliable areas and unrepresentative parts have to be avoittedase

of uncertainty, we recommend not to delineate the MA

For the followingsteps, two important elements have to beonsidered

1

The border of avA is often nonsharp, depending also on the detection capability of the used
technique, making a precise delineation difficlift.this case, fow to mediumreliability has to

be noted (Section2.3.4).

Areas outside of any delineatddA refer either to the absence of movemenb a movement
under the detection limit or to unreliable datdhe lack of an identifiabIMA does not mean
necessarily mean thamo movementoccurs With no addiional information, the kinematic
attribute must remain undefined$ection2.4.2).

An example othe MA delineation procedureis showed inFigure 6.
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Figure6. MAidentification using Sentindl interferograms. A large set of interferograms with different
time intervals is required to confirm the delineation/characterization oMis.a) A signal is detected

on a 6day interferogram (red line) and a small signalilcl be detected on the left (dashed linig).

Using a 1ay interferogram, a signal could again be seen on the upper part and the small signal
detected on the @lays interferogram is now clearly visibd¢ On a 48day interferogram, the frontal

and uppe parts are well detected and confirm the delineation of the previous polygons. The upper part
becomes patrtially decorrelated) Orthoimage with rock glacier outline amdiAs. New MAs become
visible (oranggolygon3. Three MAs have been drawn on the rgtdcier (velocity: 3A00cm/yr in

red, 1030 cm/yr in orange and-30 cm/yr inyellow). Note that the MAs do not follow the delineation

of the rock glacier (black polygon: extendedtprint).
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2.2.4 MA \elocityclassification

The MAvelocity classificatiorsrecommendedo determine theKA of each inventoried RGU (Section
2.3). The use of velocity classes intartd facilitate the assignment of a homogeneous simplified
velocity information tathe rock glaciers

The velocity classfanSARJerivedMAs 6 & %3 fl adtribéte of the MovingAreas_* lay@refersto
the 1D LOSInSARdisplacement rate onbackfacing slopes It is strictly stamped by time
characteristicsd & ¢ .ODES | § (oNthedvidzinGAreas * laygr

1 Theobservationtime window, i.e.the period during which the detection and characterization is
computed/measured (e.gnulti-annual, annual, intrannual). ie minimum required duration
isone month(several months are preferabla) snow-free periods.

i Thetemporal frame i.e. the duration during which the periodic computations/measurements
are repeated and aggregated for defining tHé\ (i.e. during which year(s))

The velocity classhould reflecthe spatiotemporalaveraged displacement rate of the landfoand
neither abrief intra-annual variation noan extreme.When MAs are detected/characterized using
time intervals shorter thamnemonth (e.g. 6 days for Senting), several pairs should be used in order

to cover the minimal observatiotime window of one month(e.g. at least two @layinterferograms
within a month. When periodic measurements are available during a temporal frame of several years
(consecutive years are preferabléhe same observation time windomust be applied (e.g. always
AugustSeptember ir2018 and 2019).

The categorization of the velocity is performed exploititggo main approaches:

a) Classification using the InSARRIourschemeby comparing the phase signal inside and outside a
detectedMA at different time intervalsKigure 2). This is doa in two steps: first, by counting the
entire fringe cycles from a point assumed to be staklativeto the detectedMA (usingFigure
2); second, by converting the fringe cycle into velocity per year (use Annex A for conversion).

b) Classification based othe detection limits according to the time intervals between image<.
identifying the time intervals at which a moving featuredaherent o decorrelated. This is done
by comparing the signal of each interferogram with the detection capability of sakor and
time interval (bars orFigure 3). Decorrelated patters indicate that the displacementate is
greater than the maximum detectable limit withthat interferogram (i.emore thanthe upper
limit of the bar) No visible fringe patteraindicatethat the displacementate is less than the
minimum detectable limit with that interferogram (i.kessthan the lower limit of the bar)visible
fringe patterrs indicate that displacement is detectable withthat interferogram andcan be
used to categode the MAvelocity.

In areas where additional datasets are availablthird approach care used, ideally in combination
with the two previousones:

c) Averaged velocity mapsased on unwrapped interferogramsand multi-temporal InSAR
techniques(when available) INSAR stacking, SBAS or PSI maps are valuable to spot areas with
movement when mappinglarge regions In areas with very low velocitytypically over
transition/relict landforms withmm/yr to a few cm/yr) and in areas with majatmospheic
effects,these products are also more robust than single interferogearalysesHowever, data
gaps can occur on fastoving landformsespecially on datasets based on interferograms with
long time intervals (such as P®p data does not meahat there is no movementjut can mean
indicate theexact opposite. In areas where the velocity is higth a largegradient of velocity
betweenneighbouringpixels, the results cassobe affected bynajorerrors. Thee are generally
often easy to identify: he area is covered byrandomcombination of decorrelated areas (no
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data) and patches with varioeslours blue (movement towards the sensor) and red (movement
away from the sensor).

1D LOS velocitglasses:

Undefined

< 1 cm/yr(no movement up to somem/yr)
1¢3 cmlyr

3¢10 cmliyr

10¢30 cml/yr

30¢100 cmlyr

> 100 cml/yr

Theadditionalattribute y' I Y S®®mndenf OF'y 6S dzaSR (2 3IABS Y2NB
heterogeneity inside theMA, etc.) More detailed informationabout very fast landforms (> 100
cmlyr),e.g. from GNSS, optical photogrammetry or very high temporal resoluierferogramg can
also be explained in this field.

= =4 =4 =4 =4 =4 =4

An example ofvelocity classification is showean Figure 7 for seven MAs delineated basé on
different SAR sensors and time intervalsooking at Sentinel 6-day interferograns (Figure 7b), two
MAs can be identified with fringe pattern (labels 1 andrBFigure 7a). Whenincreasing the time
interval (i.e. 12day interferogramFigure 7c), additionalMAsbecomevisible (label 2, 4 anddh Figure
7a). More details can be observed with Cos®kyMedFigure 7d, 7e and 7f), dueto the higher spatial
resolution. By observintpe 9-day interferogram Eigure 7d), two MAs characterized by manytiges
can be identified (labels 1 anda® Figure 7a), while others have a partidringe pattern (labels 2, 4
and 6on Figure 7a). When hcreasing the time interval (i.¢0 16 days)MA 3 become completely
decorrelated (noisy pattern), and thdA 1 become partially decorrelated. Fringe patteoan be well
identified inMA 4, and two additionaMAs can be detected (lak&h and 7on Figure 7a). When rther
increasing the time interval (i.e. 32 dayg)iA 1 also becomgcompletely decorrelated (ney pattern)
and fringe patteris become well visiblen MAs 4, 5 and.7

Based on this examplehe two following main velogty classification methodsan be applied:

a) dassificationusing theInSARcolor scheme

According to thecolor cycle showin Figure 2, MA 3 is classified as > 100 cm/yr because a complete
fringe cycle is visiblen the Sentinell 6day interferogram (i.e2.8 cm in 6 days In the Cosno-
SkyMed9-day interferogram at least two complete fringe cycles are visibleferring to a full
wavelength(3.1cm)occurringin 9 daysMAs1, 2 and 6 are classified asc300 cm/yr, as a complete
fringe cycle (2.8 cm) is measured in Bentinetl 12day interferogram In theCosmeSkyMedd-day
interferogram a complete fringe ycle isequallyvisible,indicating movement of..55 cm in 9 days.
MAs4, 5 and 7 are classified as¢cBO cm/yr, as a complete fringe cycle is not visible in $wantinell
6-day and 12day interferogramsln the CosmeSkyMed32-day interferograma compléee fringe cycle

is visible which indicated movement df.55 cm in 32 days.

b) Classification based on the detection limits according to the time intervals between images

Based orfigure 3, MA 3 is classified as > 100 cm/wasthe fringe pattern is visible oniy the 6-day
(Sentinell) and 9day (CosmeskyMed interferogramsi.e. theinterferograms with time intervals of
more than 15 days become decorrelatddiAs 1, 2 and 6 are classified ax;300 cm/yr, asthe fringe
pattern is visiblén the 6-dayand12-daySentinell interferogramsas well as in th®-day and 1&day
CosmeSkyMed interferograms. becomesdecorrelatedin the 32dayCosmaeSkyMed interferogram
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MAs4, 5 and 7 are classified as¢BD cm/yr, asthe fringe pdtern is not visiblan the 6-day Sentinel
1 interferogram but becomes visiblén the 9-day CosmaeSkyMed interferogram
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Figure7. Example oMA outlining and classificatiorAfolla area Western Swiss Alpg)) Orthoimage.

b-f) Sentinell (bc) and CosmeskyMed (df) interferograms Areas affected blayover and shadow
have beenmaskedout (black) Dashedlines are the temporary outlines ®fAs detected on an
interferogram Solid lines are the final outlines MAsbased orall interferograms.
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When availableaveraged velocity maps based on unwrapped interferograga also be used. The
averaged results are expressed in mm/yr, cm/yr or m/yr and can therefore be categasiegthe
standardvelocity classes as shown kigure8 and Figure 9 The KA attribute is then based on the
criteria described in Section 28ote that depending on the maximm time interval used to build the
interferograms exploited to generate such averaged products, the detection capability highy
variable When using 8I'1PTA techiguesbased on several years of SAR images, areas mowirg
than a ouple of cm/yr ardikely to becomedecorrelated(Figure 103 To documenareasmovingup
to dm¢m/yr, averaged products based on shtaporal baselinénterferograms énly 6- and 12-day
intervals using Sentinel) must be usedFigure 10b. It is recommended to use these majps
combination with the single interferogram approacheatescribed previously.

(1) Example: RG update (coalescent units) (2) Example: RG update (adjacent units) (3) Example: new RG (single unit)

Initial inventory

[ Decorrelated

. Layover
Shadow

. N-S slopes

Updated inventory

RG kinematics

W miyr

. dm-m/yr

B dmiyr

B cm-dmiyr

. cmiyr
mm-cm/yr

I <03 cmiyr

[ Undefined

Figure 8.Example of categorized INSAR stacking based on unwrapigetbrograms withvariables
time intervals (short intervals for high velocity, long intervals for low velo€ityyet et al., 2091

BTR0e
Hinematic categorization
based on Sentinel-1 InSAR

w00 70500
INSAR absclute velocities ,’.'l ‘s
[emfyr along LOS]

INSAR Stacking Descending h ‘h--:z,
B 2040 100 Eni
B 101030

B w0

INGAR PSI Descanding W SR, 5] nve
* 10be 30 LRI -‘_‘- b T .
T 911003 : i 8

Q0

+ 1u3-

WORES UTM SN TIG0M0
P, ' Z:_':'v. )
& g ey 3 s

Figure 9. Example of categorlzed INSAR stacking and PSI results based on unwrapped interferograms
with variables time intervals (short intervals for high velocity, long intervals for low velagitggien

et al., 2022.
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Legend across all datasets.

% ﬁ,r. Limits are in mm/year.

Decorrelated
(too fast)

i i g TR ’ . Limits are in mm/year.
Figure 10. Comparison between two types of averaged velocity maps based on unwrapped
interferograms.a) PSI averaged velocity maps over a fastving rock glacier showing that the
technique fails to document the fastest part of the lobe. Areas mawimig thana couple of cm/yr
are decorrelated (no datap) Averaged velocity map (INSAR stacking) based-day8 and 1zlays
Sentinell interferograms over the same rock glacier. Velocity up to several dm/yr is detected.

2.2.5MA reliability

Thereliability (or the degree of confidencedf the detected MA has to be qualitativelyassessed
(low, medium, high)according tothe quality of both theoutline detection and the velocity class
assignment & wiB&attribute of the MovingAreas_* lay@r

Reliability categories

T Low. A MA can be identified buboth the outline and thesignal interpretation(velocity
categorizatiofnare uncertain

1 Medium: A MA can be identified bugither the signal interpretation (velocitgategorization or
the outline is uncertain

1 High: A MA can be identified and characterized based on a digpral The geometry is well
approprige (backfacing slope) and the data has high quality, allowing for reliable outlining and
signal interpretation (velocity categorization)

When analysingNorth- and Soutkfacing slops, or when the number ofinterferogramsis low, the
reliability of the deection decreasesWhen the reliability in classifying velocity iso low due to
specific technical limitationghe velocity clasmustbesetl & &G dzy RSTAYSRé

When available, the comparison can be performading other kinematic data (e.gin-situ
measurements)Thisapproachallows forconsolidaing the assignment of the velocity class of the
InSARbased MAandimprovingthe KAreliability (Section2.4.2)
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2.3 Assign aikematic attribute (KA a rock glacier un(RGU)

2.3.1 KAdefinitionand categories

The KAdocumentsthe overall kinematic state of the rock glacier unfRGU)at the time of the
inventory. It is defin@ in detail in theBaseline concepts document: Kinematics as an optional

attribute of standardized rock glacier inventories

The KA consists gemiquantitative categories expressing the muéinnual downslope velocity of

an entireRGU defined as followed:

i daRaSsitidghal n dnm Yk & N
0 daRaSsitidghal n ®np Yk & N
0daRte F nodm Yk &ND
idaRtfe F ndp Yk eND

Category Label Comment Related activity
0. Undefined (default category)
1. < cmlyr (no up to very few movement) relict
2. cm/yr 62NRSNJ 2F YI 3AyA
3. cm/yr to dm/yr 02NRSNJ 2F YI 3IyA
4. dm/yr 02NRSNJ 2F YI3AyaA
5. dm/yr to mfyr O02NRSNJ 2F YI3Aya
6. m/yr 02NRSNJ 2F Yl 3AyAlddaRtle F M Yk &ND
7. > mlyr O6Y2NB GKIFYy F o YkactNgé LISNJ @S| ND

¢KS RSTI dzZ & Ol % IEREUalls @to this categpriR \Bhenk y S R

1 No (reliable) kinematic information is available,

9  The rock glacier is mainly characterized by an identified MA of undefined or unreliable velocity,

1 The kinematic information is too heterogeneous.

When InSARasal MA have been delineated and characterized, th& G A A G1& | aaSaavYSyi
attribute in RGU_PrimaryMarker_* or RGU_Outlines_* layers) can follow a kinematic apgdrotis.
case,heKAO A YAY ®! (G0 Oy Ay GKIFG OFrasS 6S FAtfSRoO

Three others elements associatetith the KA must be documented:
TheKAreliabilityo 6 wS & ®YA Y £ 0

- NULLIf the KAis undefined

- Low lowreliability of the MAs and/or heterogenous coverage.

- Medium: medium or higtreliability of the MAs and/or heterogenousoverage.
- High:clearKAassignment based dmigh MAsreliability qualityand unambiguous

distribution over the rock glacier.

Multi-yearvalidity time periodd a YAy ®t SNA2R¢ | G0 MA.0dzi S0 dzaSR G2

=

¢KS GeLlsS 2F R GG G0N COBZISSNOT A EEMRI

Ri 2 NHinals ca8gy/ 3 21 NES

1 Additional information regarding the datasets and the quality of the attributiepafial
representativenesspercentage of surface documented by MA) are documented in the field

GYAY OFH Y WS

2.3.2 Translation rules: from MA to KA

TheMA velocityshould be transferred to the propé&Acategory in order tandicate the overall multi
annual rate of movement observed on a dominant part of the rock glacier sufémeual transfer
from a velocity class ofan InNSARderived MA to the rock glacierKAis recommendedinstead of

applying an automated way to extract the value.

The two followingcases a) and resent recommendations based on two differesiiservationtime

windows Theyare appicable if the following enditionsare fulfilled
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1 1D LOShSARmeasurements are performed on batdcing slopes
1 Adominant part of theRGUs coveredby one singleMA.

In the caseof severalvariable MAs:

9 The assigned category should represém dominant velocityclassof the RGU

1 If two equally dominant, but directly adjoining KA categofeg. 4 and 5are presenon aRGU
the category of the area closer to the front favouredfor the attribution.

1 In case of a larger spread of equally dominant categories on the &4Btde.g. 4and 6), the
median category(e.g. 5)should beused with a commentabout the heterogeneity anda
mediumto low reliability.

1 If MAs show a large heterogeneity over the urgtd. more than thredMAs with velocity classes
falling into various categoriesthe category ¢0. Undefined should be chosenA large
heterogeneity can also indicate the need to refine/redefine the delineation of the initial ufits (
confirmed bygeomorphological evidences

An additional field y I Y S KRn.Camment$ can be used toprovide more detail about the
categorizatione.g. additional information about the data properties and the quality of the attribution
(spatial representativenesperceriage of surface documented by MA, information about whtre
movement idaster/slower, etc.)

Case a: Annual or mulinnual observatiortime window

A dominant part of theRGUis depicted by a singl®lA, whose associated velocity class is reliably
characterized at an annual or muéthnual observatiotime window (i.e. annual interferogramsphis
typically concern$/lAs withthe followingvelocity clases

1.<1cmlyr
2. 1¢3 cmlyr
(Note thatlarger movenentis decorrelated using annual interferograin

TheKAof the considereRGlUtan be assigned as following (only for b#aging slopen 1D LOhWSAR
measurements):

Velocity classes (annual) Kinematic attribute
1. <1cmlyr 1. <cmlyr
2. 1¢3 cmlyr 2. cmliyr

Case bObservationtime window shorter than 1 year

A dominant part of theRGUis coveredby a singleMA, whose associated velocity class is reliably
characterized at mobservationtime window shorter than 1 yearaf least one month in snoviree
periods). This typically concerrndAs with the following velocity classes

3. %10 cml/yr
4. 10z30 cm/yr
5. 3(;100 cm/yr
6. > 100 cml/yr
(Note thatsmaller movementemainsundetected usinghorttime intervak)

Theorder of magnitude of the rock glacier creep rate is estimated per default as 20% lower than the
summer time velocityTheKAof the consideredRGlcan be assigned as following (only for béating
slopein 1D LOSARneasurements):
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Velocity classeGummer) Velocity classegannual) Kinematic attribute

3. 310 cmlyr 4¢8 cmlyr 3. cm/yr to dm/yr

4. 10c30 cmlyr 8¢24 cmlyr 4. dmlyr

5. 30¢100 cm/yr 24¢80 cml/yr 5. dm/yr to m/yr

6. >100 cm/yr > 80 cml/yr 6. or 7.mlyr or > m/yr*

F UKS Ol ( SrAaHNE k@NEE WK 2dzf R 0SS GKASFTOENIR & KRdzt Ry@8 S
Ay GKS FASER AYAYy®/ 2YYSyiléod
If additional kinematic information is available (GNSS, aerial photogrammetry, very high temporal

resolution interferograms) and allasfor detailing elocitiesthat exceedsn/yr, this must bespecified
Ay GKS FASER AaYAYy®d/ 2YYSyihéoy

Velocity classes (summer) Velocity classes (annual) Kinematic attribute
6.100¢300 cm/yr 80¢240 cmlyr 6. mlyr
7.> 300 cm/yr >240 cml/yr 7.>mlyr
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ANNEX AConverting fring@atterns (colourcyclé to velocity(cm/yr)

Annual velocity (cm/yr) is calculated dsp/ time * 365, where /2
dispis the displacement shown on the interferogram ande is

the interval used to generate the interferogram.displacement

for an entire fringecycleis half the wavelength of the SAR sensoy.

For example,with oneentire fringecycleon a Sentinell 12 days
interferogram we calculate the corresponding annual velocity as

7

—ZO'(pUiZG(pU Y Tcmiyr.

-i/2

(or 3n/2)

Gband SARSENTINEL/RADARSA®. Wavelength lambda = 5.5 cm

Towards satellite

0 2m A2

Away from satellite

Fringe pattern Velocity (cm/yr)|  Velocity (cm/yr)|  Velocity (cm/yr)|  Velocity (cm/yr)
(fraction of half | based or6 days| based onl2 days| based onl8 days| based o4 days
a wavelength) interferograms interferograms interferograms interferograms
1/5 33 17 11 8
1/4 42 21 14 10
1/3 56 28 19 14
1/2 (half) 84 42 28 21
2/3 112 56 37 28
3/4 125 63 42 31
4/5 134 67 45 33
1 (entire) 167 84 56 42
L-band SAR: ALGBSAOCOMWavelength lambda = 23.6 cm
Fringe pattern 8 days 16 days 70 days 364 days
1/5 108 54 12 2
1/4 135 67 15 3
1/3 179 90 21 4
1/2 269 135 31 6
2/3 359 179 41 8
3/4 404 202 46 9
4/5 431 215 49 9
1 538 269 62 12
X-band SAR: TerraSARCosmaSkyMed. Wavelength lambda =Bcm
Fringe pattern 9 days 11 days 16 days 22 days
1/5 13 10 7 5
1/4 16 13 9 6
1/3 21 17 12 9
1/2 31 26 18 13
2/3 42 34 24 17
3/4 47 39 27 19
4/5 50 41 28 21
1 63 51 35 26
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ANNEXB: Technical adee

This annex shows some examples of discrepancies between opettablrave been identifiedh the
results ofan exercise performed during a RGIK workshop in February 2020.

Note that this is based on a past version of the INSAR guidelines, resulting in different colours of the
MA and RGldutlines, compared to the other figures of this document.
Case 1Ywo or more M\ outlines (related to the samRGU with different velocity classes

Case 2)Two or more MA outlines (related to the same B@®iith different velocity classes observed
in very different time observation windows

Case 3Ywo or more MAs superimposed with fdifent velocity classes
Case 4RQJ not covered by MA(Ss)

Case 5Jwo adjacent MAs cover the samelRG

Case 6RQJ partly covered by MA(S)

Case 7MA velocity class > 100 cm/yr

Case 8Complex RGwith diverselnSAR signal

For each case, a brief descriptiand a possible solution is provided, followed by one or more practical
examples with explanations.
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Case 1) Two or more outlines of MAs (related to the samdJRr@ith different velocity classes
>> Rules:
1 MAs related to the same R&Ghould be detected andutlined using all available INSAR data.

1 The faster MA visible on summer interferograms should also be visible on the annual
interferograms that include the summer periods.

>> Example from operator A:

30100 cm/yr 3-10cm/yr

Time_obs_win: Summer 2014, 2016 and 2017 Time_obs_win: Annual 2016 - 2017

Reliability: high Reliability:low . .
Remarks: Remarks: low reliability especially into the rooting zone

TERRA_ 20140723 20140814_ 22d desc_ dlff ALOS2_20160712_20160920_70d_desc_diff ALOS2_20160712_. 20170808 392d _desc_diff

>> Example from operator B:

10-30 cm/yr 3.— 10 cm/yr.

Time_obs_win: Summer 2014, 2016 and 2017 Tln'?e_f).bs_wm: Annual 2016 - 2017

Reliability: high Reliability: low

Remarks: Remarks: low reliability especially into the rooting zone

TERRA_20140723_20140814_22d_desc_diff ~ALOS2_20160712_20160920_70d_desc_diff ~ ALOS2_20160712_20170808_392d_desc_diff

>> Notes:

1 As he faster MA is visible on summer 2016 and 2017 interferograms, it should also be visible on
anannual 2016&; 2017 interferogram (e.g. with decorrelation).

1 CHad&8NJ a! A& OAAAGES Ay Ftf AdZYYSNI AydSNFS
f Slower MAIGAAAGE S 2yf& Ay 2y$§ Fyyddt Ay(SNFSNRINI
additionalCommenyY af 26 NBtAlIOoAfAGEe SALISOALffe Ayhz2
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Case 2) Two or more outlines of MAs (related to the sameUR@ith different velocity classes

observed in very different time observation

>> Rules:

1 If a long period separates the time observation windayfswo analysed interferogramée.g.
summer 2009 and summer 201, 9nly the MA detected in the latest griod should be outlined
R &/ abourtBe/pievidus detgcied welvcity((eig2iy

and classifiedc y G KS FASt
2009) can be added.

1 If the two time observation windows are very close (e.g. summers 2016 and, 201y one MA
should bemapped and classifed, according tadhe mean velocity observed in both summers.
Indicate inil KS ¥ A St Rthafithefe Ys YaBigbilitg betweethe years anddocument which

summer waghe fastest.

>> Example:

30-100 cm/yr

Time_obs_win: Summer 2017
— Reliability: medium
Remarks: low reliability in the rooting zone,
velocity > 100cm/yr in summer 2009

' _1 Noisy pattern : '.I . v
e 0 50 100m
N fod z — )

TERRA_20090924_20091005_11d_asc_diff

>> Notes:

T MA with velocity class 200 cm/yrincludes a part with noisy pattern in the rooting zone
(southern part) detectable in all interferograms. It is certainly related to artefacts, and should be

excluded.

1 Along period separates the two time observation windowsdiramer 2009 and summer 20),
then only MA detected in summer 2017 should be outlined and claskifigd. 1 KS FA Sf R

informationabout the previous detecte

windows

> ~100 cm/yr

Time_al:gs_win: Summer 2009
Reliability:high
Remarks:

50 100 m

SENT1_20170913_20170925_12d_asc_diff

d velocity in summer 2009 can be added.
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Case 3) Two or more MAs superimposed witifferent velocity classes
>> Ries:

71 Different outlines should bdrawnwhenfasterMA(s) are included islowerMA. If smakr MA(s)
included inlargerMA(s)have the same velocity classes, the setdilA(s) should be removed or
the velocity classes should be redefined.

1 Note that alarge heterogeneity can also indicate the need to refine/redefine the delineation of
the initial geomorphological units (iterative process combining geomorphological and kinematic
approaches).

>> Example:

30-100 cm/yr *
Time_obs_win: Summer 2017

Reliability: high PR X i B el b SN
Remarks: '\{"‘.‘i”'r‘J """"" 41
s ! B 30—100cm/yr*
Time_obs_win: Summer 2016
',a Reliability: high
i*’ ’a' Remarks:
. 30—100cm/yr
< “10-30cm/yr”
Time_obs_win: Summer 2016
> 100 cm/yr Y A .3; “ Reliability: medium
Time_obs_win: 09 — 10 2017 ) ’150 300m Remarks:
Reliability: high =
Remarks: COSMO_20171001_20171017_16d_desc_diff
>> Notes:

1 The velocity classes should be vedifiEither the velocity classification is correct and the small
MAs (*) should be removed (included in Bugest MA), or the velocity classes should be redefined
(e.g. here change the velocity class of lHrgestMA)

1 The RG(s) may need to be refineAn examplas showrnbelow.
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Case 4) RGnot covered by MA(S)
>> Rules: Check the available annual INSAR interferograms:

1 If asimilarplain patternis visible both inside and outsidee RQJ, it means that no movement
occurs Therefore, thekAOlF y 06 S &S G  (itBe refiability¥ K& HKE ®F y R

1 If a decorrelation (noisy pattern$ visibleon the R®, it meansthat anestimaton of a reliable
velocityis not possibleTheKAK | & 2 oySR SaFSAGoGiReatsabbout the decorrelation
patterns can be addedin KS FASt R a/ 2YYSy ¢

When a plain or noisy pattern is visible on the entirdJRtBe spatial epresentativenesg 100%.

>> Example for CCI_06_BBBB 13 01 RG

A 4 y 5 ' f ! RG: < cm/yr
£ ‘ #j Representativeness 100%

/ Reliability: high

Remarks:

ALOS2_20160712_20170808_392d_desc_diff

>> Notes: A plain pattern on the CCI_06_BBBB_13_UlisR@siblein an annual interferogram, it
indicating hat no movemenis detected. Therefore, thkAOl y 6 S a SG  GrereléabilityOY k & NE
tod KAIKE D

Case 5) Two adjacent MAs cover the samd RG
>> Rule: Th&Acan be assigned using a mean value between the MAs.

>> Example for CCl_06_BBBB_13 00 RG

RG: < cm/yr
Representativeness 100%

T ' . 1 < ‘
A ¢ #/ Reliability: high
8 . Remarks:

RG: dm/yr
Representativeness 100%

/ Reliability: high

Remarks:

3-10 cm/yr

MA:
30-100 cm/yr

ALOS2_20160712_20170808_392d_desc_diff

>> Note: CCl_06_BBBB_13 00 is covered by twoRdAtheKA a mean valuef dm/yris chosen
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Case 6) RGpartially covered by MA
>> Rules:

Check the available annual INSAR interferograms on the remainingfithg RGJ not covered bya
MA, in order to understand if a plain apbisy pattern is visible (&&ase 4):

1 If a plain pattern on the R&Gnot covered by MA(S) is visible, no movement is detected and
@St 20AG8 A dKAdan be@dsigrediisidy adnislue between the detected MA(S)
YR GKS | NBI ¢ A ( RKhe @fial répresedtatieressa® Yk dodlinebted
O2yaARSNAY3I (KS a'!oaovo SEGSyarzy |yR GKS | NBI
pattern). Information about thdimited MA(9 extension can be addedinKS FASt R &/ 2YY
6Sdfgtbe Kt T O2yOSNYySReéovd ! fFNAS KSGSNRISYySAGE
the delineation of the initial geomorphological units.

1 If a decorrelation (noisy pattern) on the R@ot coveed by MA(S) is visible, it is not possible to
estimate a reliable velocity. THAK & (G2 0SS aSi §patialepresehtaivdngsS R¢é A T
is <100. Additional information about the detected decorrelation and an estimak&dican be
added intothe field Commentsif thespatial epresentativeness isetween50¢75% theKAcan
be assigned depending on the detected velocities of MA(s)tHruteliability should be set to
at20¢d

>> Example for CC1_06_BBBB_13 02 RG

>> Notesif a plain pattern is psially visibleon the annual interferogram, iapart ofthe R® that

isnot covered byn initially delineatedA, the KAmust be attributed accordingly.

CClI 06 BBBB 13 BBIOI Y 06S OflaaAFASR a4 aOYk&NHO O2y&aARSN
cm/yr and the velocity < cm/yr visible on theURt&t covered by MA.
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