Letter of response to comment on nhess-202

Dear Jan Bl o6t he,

We thank you and appreciate your valuable
helped us to improve our work and pointed
needed clarification.
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Gener al comments

A) Description of digital image correlatio
In my view, digital 1mage correlation 1s n
description 1in section 4.3 Especially bec
grounds n he detection f significant mo
imagery, the author s houl el aborate the
accuracy assessment . This can easily be ac
¢ The quantification of a level of detect
of stable surfaces outsid the landslid
correlation, beyond which significant d
confidence
¢ Excluding spurious matching results (di
correlation threshold
The description of section 4.3., Data Acqu
more details.
The attached Online Support:i g Material (O
our approach to selecting the appropriate
and hillshade derivates) and displacement
signal to noise results and volume calcul a
12). The distribution of GCPs combined wit
presented (see OSM Fig. I an 4) .
In terms of the selection of appropriate pa
- for step size of one, as larger step
obviously 1mprov the matching while de
time would decrease 1 f larger step size
- UAS 128 x 32, as an 1nitial window of 2
Further more, the smaller 1initial window
with very low velocities. The final win
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necessary s mall scale features
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Jan Henrik
Hervorheben
Thank you for adding some more details here. 

Jan Henrik
Hervorheben
This is now a very complete supporting material that in large parts documents the approach that you have taken in your study. 

Jan Henrik
Hervorheben
I do not think that this is the case. Tracking stable surfaces outside the moving area is very well possible and the figures in the OSM (esp. Fig. 13) indicate that the tracking was done for the entire images. Quantifying spurious displacements in stable regions should therefore be possible. Please also see my comment on this matter below (L285/86). 


adde
s 1 mil
condu
l ands

B)

1 ma

[onie S T =N
c o o =5
-« =+ »nn v o

<o B & & oA

e =T
w2

< e o Moo

- 0o =+ w

Re

T o » g »
o =" 0o =0 o -

—_ 8 0 o

- Br—tr—t

)
VJB@"":NNN

—_— = H g O O

Or
u s
Re

s e
t h
al

ad
Th
DI

-

(¢]

u

I B Y T = WL B

o

o » < S5 D09

oo
o o

1 t 0

1 S
€ccCcor
€ me

=
N e B- -

ar ¢

o o o o

m a
pro
ant

=]

o -h oo
[T N A B S B B

me nt
me nt
ma t

= e = S
=T B T e I ¢)

o B O O

< O 0. O

avelletti

T o< = <L
—_ = = o ©

—+

©n 0o 50 <
o own O = Hh e

7]

ao o

i

n

—_— = oy v

5 00T S o

n g
m o

h o

cont

digi
triv
d) .
e s
os i

o S T

—_— 0
aniiia o Bils o BNe SR 7]

5B B

Q@ — o O
= -
-

o

hade no
w e

=

d

us ed
OS M

DEM t

d

w1
e s
a

n
d

a 0.
ng o
ol ut
sed
t S 0
di s
wit h

r

o = ) - =

=]

o +h
i 0 g — =
= e e

o wn = o=

o ~
< T awn e
=alic}

- = -0 B

-
w2

505 o®o0e e

ge— =5 oo
A e & = o
| B = & o — = owm

o B

- 0 w3 — o — Vo m T

RS

c & =
c = o

!—P!—Fm@o

7

=
g © & 09

=

v =
S o0 =

® v 8 NS T e &+ 70O 0O

= ~h @

—

o = = » o

<
o

o O

[ =

N

p—

N ®
o ~— wn

=N )
-

— 0o o = 35 0
-+ »wn mpBs

»—ACD""Q o 0o wn
AN»n < O =
e 0o g =B e
— [a—

o =<0 B
[
5 o Stog =

E"’CT""O

(D(Dc—rc—r»—tsv—hr-ﬁ
® O o

=<
)

D o =

& o
=}
<
[oTso B

o 09
o -
- W
o
c e B
o S|t o o h

IS
e L R
O < 0 0 X e O

o gB©

o
o O 0 S S 6 = hH o

==
a

»vn -
e B
= 0Q

-

o = gB
b—gg;»—n»—ug—rb—gm.—‘qq
— — = 5 =5

» B
0 ® * D P —» O

()}
O v »n O = »n v
OEC»’S‘

MCOOR

= = 0o 5 =
© O &0 O

ao o

—- —~

c o

[N ¢)

(

—

® =35 <o

v

o — o g o =" o0 o /™

—N = g e O ~+ =+ o o

!—P(-P:sm

o » v =


Jan Henrik
Hervorheben
This is a good apporach, but in my view is not sufficient for the data at hand. 

Jan Henrik
Hervorheben
Please, see my comment below

Jan Henrik
Hervorheben
Let me again try to illustrate this aspect in a bit more detail. The changes made to the manuscript and foremost the inclusion of additional figures into the OSM helps to shed light on this issue. 

As the velocity profiles given in Fig. 6 a) nicely show (please add x- and y-axis labels) is that in the area of decorrelated values, the displacement values in the "salt and pepper" domain of the western part of the landslide, are very heterogeneous. Taking the highest peak as an example, the problem of this data becomes apparent: the location at ~325 m x-axis is moving with ~100 m downslope according to the results of the DIC here. Just ~25 m along the profile line in both directions, movement of less than 10 m has been tracked. How should this be possible, if the tracking did not simply produce random correlations with erroneous locations? 

What I am trying to say here is that the presentation of the results in the manuscript allows the reader to take this data for granted. Yet the authors show in their rebuttal to a number of my comments that they themsevles do not view these data as reliable. Please indicate clearly in the figures and the text that these data are erroneously matched pixels, or provide a different plausible explanation for the pattern. 

Furthermore, in my view the term decorrelated is misleading in the following way: technically, the patches that the DIC matches are correlated to another patch (see your reply to my comment L288/289), else no vector should be produced by the matching procedure. The pattern in these "decorrelated" areas of the landslide indicates that the matching did not find the corresponding patches and therefore does not produce a smooth displacement pattern, but random noise. In other words, despite the correlation the DIC finds, it correlates the wrong locations (images patches), i.e. produces wrong displacement vectors. 

Jan Henrik
Hervorheben
Thank you very much for  following a number of suggestions that sadly did not really improve the results of the image correlation. 

Jan Henrik
Hervorheben
These are the points a) to d) I mentioned in my review statement.
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Jan Henrik
Hervorheben
This is a crucial point. While you acknowledge here that in the area of decorrelated values, matching did in essence not work, this is not stated as explicitly in the manuscript. In my view, it would be necessary to clearly highlight the decorrelated areas as such in the Fig. 5 and explicitly mention the division in reliably tracked regions and those regions that are unreliable (i.e. random) and cannot be interpreted. In my impression this is not done in the present revised manuscript. 

Jan Henrik
Hervorheben
This is very true and from a image processing point of view, it is the same reason why shadow and snow cover effects induce erroneous correlations. The changed pixel values inhibit rigorous matching. Please include more than just the speed of the landslide in your discussion of errors in matching between images - I also state that in another comment further below. 

Jan Henrik
Hervorheben
I am very surprised that the authors try to find arguments for the validity of the data shown in Fig. 5 e and f. 

The results from the downsampled UAS give completely different displacements as the high-resolution UAS data, yet the data and time span are the same. How can the authors interpret these results as "less trustworthy"? In interval II for example, the landslide either moves ~2 m (Fig. 5 b) or ~6 to >18 m (Fig. 5 f), but not both at the same time. These values are not similar in any kind of way, i.e. one of these results is simply wrong. 

I have been outlining this in detail above (highlighted lines of the general comment B raised in the frist round of reviews) and want to add an additional aspect to point the authors to the contrasting results these data suggest, if taken for granted:

If you calculate a velocity from the displacement for e) and f), this translates to an average velocity of 17.67 m/yr for interval I as opposed to an average velocity of 156.5 m/yr for interval II, i.e. an acceleration of factor 8.9. The data for a) and b) however yield velocities of 9.71 m/yr and 17.39 m/yr, respectively, translating to a much more plausible acceleration of factor 1.79. 

Jan Henrik
Hervorheben
Please, see my above comment on the idea of decorrelation. 
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Jan Henrik
Hervorheben
Sorry for the typo...

Jan Henrik
Hervorheben
Exactly. That is why I commented that in theory, planet offers a big advantage here with daily data availability. But very practically, as you show with Tab. 2, only ~10% of the planet scenes were usable. Effectively you end up with rather similar revisit times between planet and sentinel 1, if you want to use these examples here. But don't get me wrong, optical imagery has a lot of other advantages...


In terms of optical satellite 1mages, yes,

t o. PlanetLabs c¢claim to have daily acquisit
But upon a closer look the practitioner kno
mi n if this kind of data i1is employed for t
observation For this reason, Table 1 and T
statement s, in this case for PlanetScope
You are right 1n some wa32: afrreee asta tfellvlei tdea yi
to the six days f orl,i ngtievrefne rtohgarta nbso tbhy sSeennstoi
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WorldView 3/ 4.

L2242/ 248: It might be worth mentioning here
were usable, significantly reducing the the
discussion.

Thank you, i1indeed this is worth to be ment:i
In this seven-month period, 43 imagest(20.1h%) ohad:
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L267/269: Please elaborate how you filtered
colour problems” (are the latter spectral d
We used QGIS software to manually select th
images at the base and the visual “show/ hid
Similarly, the application Map Swipe Tool p
across the 1 mages.

Spectral colour problems are shifts 1in the
1 mage:

20190706_3260825_Analytic
PlanetScope
1:5000

The other shifts which might occur cannot b
detected 1s in a GIS software with the visu


Jan Henrik
Hervorheben
Thank you for clarifying this. Please, include this in the manuscript and replace the ambiguous term "spectral colour problems" with the much more precise spatial offset or "shifts in the individual bands". 
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To ensure that actual terrain movements 1n
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(OSM Fig. 3 (b)) and (h)).


Jan Henrik
Hervorheben
Though in the current state the details of Fig. 3 b) and h) are difficult to identify, it is clear that the regions with smooth displacement value distributions show consistent bearings, while the regions with decorrelated displacements also show random bearing. 

In my experience, this is a clear sign of errors during the matching procedure, i.e. the correlation found highest agreement with the original feature. I would recomment to include the bearing information more prominantly in the manuscript itself, as this is a very important information on the data quality. 

Jan Henrik
Hervorheben
Thank you for the detailed answer. My comment was intended to motivate the authors not only to provide me with these details, but to include them in the revised version of the manuscript. Please include this explanation, or a short version of it, in the text. 

Regarding the residual mismatches stated here and shown in Fig. 14 of the OSM: this already gives a measure of the amount of significant displacement, i.e. beyond a level of detection, that can be detected with DIC between these images. If your residual mismatch after coregistration (as shown in Fig. 14 OSM) averages to 0.6 - 0.8 pixel, everything below that cannot be treated as significant motion. But still, this would be much lower than your arbitrary 4 m and would be based on a preproducible quantification approach. 
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Jan Henrik
Hervorheben
While I do agree that visually tracking boulders in orthoimages gives reliable results that underpin the displacement that was obtained with digital image correlation in the same images, the term verification implies that these displacements come from independent data. 

Jan Henrik
Hervorheben
I am unsure how the active area extent is related to the definition of the threshold value here? 

Jan Henrik
Hervorheben
It would be appropriate to include this description into the manuscript. As I pointed out in my comments in the first round of reviews, the error assessment is very important and just setting an arbitrary threshold of 4 m without elaborating the calculation of this values is insufficient. 

Jan Henrik
Hervorheben
I strongly doubt that you can make this statement. The image processing algorithm matches pixel value distributions from patches in consecutive images. When the pixel value distribution changes between images, the algorithm does not find the "true" corresponding area, but matches to the most similar patch it finds. Whether the pixel value distribution changes in reaction to snow cover, shadows, or vegetation, or if large displacements induce the spectral differences is not discernable for the DIC software. 
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Jan Henrik
Hervorheben
This is a good idea. Sadly, but maybe owed to the reduced quality of the review files, I find it very hard to identify vectors shown in Fig. 3 b) and h). Also for the signal to noise ratio figures, shown in Fig. 3 d) and j), the transparent grey colours on top of the greyscale hillshade image are difficult to identify. 


Regarding the displacement for (j) as 1dent
there i1is a patch of snow (1-2 m height, l en
Planet Scope 1images on 24.7.2019 while for t
(UAS/ Planet Scope) and 4.9.2019 (UAS and Pl a
OSM Fig. 2 and 11). Thus, 1in this case, the
other explains this false correlation and 1
Mi nor s naosw fiiseilbdlse i n the 1mages from 24e&xpladhndther
big cluster of incorrectj) ;dimpnetcheemeensts ,s oiunt htehaes ts aotfe It

than the resulting DIC displacement.

L457/ 46 2: To be frank, | do not see much s
(d) and (f). | would be very cautious in in
especially true for the resampled UAS resul
Thank you for pointing this out Yes, we ag
our high accuracy UAS orthophotos to Planet
the goodness of fit and limitations of the
We are aware that this downsampling factor
displacement rates an inherent velocities
However, in terms of noise outside our defi
detection to the landslide boundary as del:i
first, the noise 1s low to moderate, and th
downsampled UAS data similar to DIC results
DIC results of PlanetScope neither show 116Kk
landslide regions nor do they reach the san
downsampled UAS dat a.

L463/464: As the GCPs for referencing the L
l andslide, 1t 1 not surprising, but neithe
outside the area of interest.

Please see our ap of GCP distribution as W
1) . Some GCPs are c¢close to the landslide ar
of our knowledge, they are not moving and t
comparability.

False displacement is indicated for a cluster outsi

interval I (Fig. S5e)hipnfdod ni t h@a onmtlrtihd uwieiB1it ¢ rtnd acrheaan g

o

and illumination.

L468/ 470: Again, I would not trust the disp
While 1t 1s true that your manual boulder t
of 10 or more meters, the remaining 34 boul
Yes, you are right that not all of the 34 b
di splacement result. However there are more
displacement, and others are very close to
uncertainties and | imitations when 1t c¢comes
ground motions 1n the DIC method. Pl ease se
happy to revise this further.


Jan Henrik
Hervorheben
In my view, it might be advisable to plot the manually tracked boulder displacements against the mean displacement obtained by your DIC for the surrounding pixels (and not just one pixel). As image correlation for tracking is based on matching of value distributions, i.e. matching patches of pixels, adjacent pixels should show similar displacement magnitude and bearing. With this, you could strengthen the argument that the boulder tracking actually backs the DIC tracking - maybe not for all regions, but for the majority.  


L471/476: While it might be true that the
resampled 3m UAS data are better (intermnal!l
deformation pattern, this does not mean t ha
have serious doubts regarding the interpret
the manually tracked boulder velocities (ex
perspective, I am not sure how yo woul d ex
dominate throughout the entire landslide, b
within (Fi1g. 5 e and f).

We agree with the 3 m resolution to some e€X
the comparability of manual block tracking
The “speckled’” pattern, 1s due to decorrela
captured with the DIC method; this combined
(Delacourt et al . 2007 ; Travellett:i et al
di splacement to be captured by the method,
explain the resulting limitation to some e€X
changes significantly in the frontal part a
met hod (Lewis 2001; Travellett:i et al . 2012
t oo. If this 1is not clear enough in the dis
L485/488: Did you evaluate the proportion o
displacements and f so, how did you do thi
on the image correlation results shown here
cautious to make a general c¢claim on the usa
We approached our results by testing of dif
based on visual comparison as 1s common 1 n
Planet Scope DIC results presented here are
combinations. We could provide th ot he in
meaningful for comparison 1f wished
L552/554 / Table 7 / Figure 9: I do 1i1ike th
their proposed workflow would enable a time
However, in the case of Vajont, I think you
theoretically true that a “forecasting wind
completed well before the failure, the sl ow
days will be well below the level of detect
collect an image directly after the onset o
detectable, mo vement mu s t have accumul ated
your workflow can set in (30 days = 1.05 m
would be important to include here.

Thank you for mentioning this, you are abso
below to emphasise this c¢critical detection
We assume that approximately 30 days before
signal exceeding the noise at modern standa
For Vajont, the 1/velocity plot by Petley and Petle:

shows an increase in movement at about day 60 along


Jan Henrik
Hervorheben
I don't think that the comment on L457/462, where you limit your answer to areas outside the landslide area is related to the issue raised here. 

Jan Henrik
Hervorheben
It is my impression that the authors have understood my above comment differently than it was intended.

Figs. 5 a) and e) as well as b) and f) show the results of the first and second interval, respectively. While a) and e) result from DIC of 0.16 m resolution orthoimages, b) and f) result from the same images, but resampled to 3m. Yet the pattern and magnitude of e) and f) do in no way match the data in a) and b), while it is the same data over the same time interval. 

My point is that this does not make sense from a technical point of view when automatically tracking features in the same images, with only a different resolution. I would think that the authors need to decide, which of the two solutions is closer to the truth, but in my view it has to be made absolutely clear in the manuscript that these data do not match.

When pointing out that I do not see a plausible explanation for the data presented in e) and f) from a geomorphic point of view, I was hoping for a critical evaluation of this data. 

Jan Henrik
Hervorheben
Again, I fear this misses the point. In the text you state that false-positive displacements were observed and I was just interested in the analysis conducted to identify these. Please elaborate.

Further, the second comment refers to the general statement you are trying to make here from your analysis. As mentioned before, there are a lot of approaches to enhance tracking results and I would urge the authors to be very cautious in attesting planet imagery a limited use here, given the challenging results obtained. 


approximately day 30, defined as a transition from
forecasting window for twarning and tleald wewteirl, tihe
has to be kept in mind - 'tahraet svteillolc iltoive sa nodf aatb otuhte 3mi n
recognition capability for the digital image correl:

Technical corrections:

e L1: Landslide
Here we are referring to landslides 1in gene

e L1003/ 105 Check grammar
We did not add a comma as the text 1s 1n BE
this investigation, ..). We added quotation n

e L185: Is this really the source the authors
Thank you, we modified in response to comme
to Wien. Ot herwise this 1is according to the
statement from the online map.

Fi gumle AQver view map Austria (Osterreichischer Bundes
FreyBergndt & HANrHharia KG,

e L229: beginning of April
Thank you, we inserted missing word.
span from vthApbelinmimnlge end of October in 2019

e Table 3: Here you use a different date forn
Thank you, we corrected the for mat. I'n additior
accordingly.

e L257: UgCS-Software?

Further information on the flightplanning Soft\
https:// www.ugcs.com/ photogrammetry-tool-for-1:

e Table 4: Unit for GSD missing
Thank you, we added the GSD wunit.

e L273/274: Add this information to Table 5 a
This i1is a good suggestion and we followed it.

e .L299/300: I guess this i1is only relevant 1if
t i mes.

Thank you, however we think this 1is relevant a:
calculation are an 1important part of our temport
section 6. 3.

e L398: can be compared
We think that the repetition of ‘compared’ 1s 1
sentence.

e L409/410: resulting from significant morpho
Thank you for pointing this out. After a detail
confirm changes of about I m. Please see our c:
I'n Fig. 5a, theglashgwssolbeherdipplakement values fo
the front r e gmnoornp hroecshualntgiensg wirtohmon tilme cirmage [pair

e L443: bracket missing?

Yes you are right, thank you.
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Jan Henrik
Hervorheben
I have to express a certain degree of frustration with this review, as the author's tendency to rebuttal seems higher than their inclination to improve their manuscript: in Line 1 (the tiltle of your manuscript) the word LANDSLIDE is misspelled. And it is still misspelled in the title of the revised manuscript and on the NHESS webpage. 


e L 460: check figure reference
Thank you for pointing on this auto-correction
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