Dear reviewer,

Thank you sincerely for dedicating your time to thoroughly review our article and for providing such
an insightful and constructive analysis. Your detailed feedback, highlighting both major issues and
missing details, was much valuable. We carefully considered each of your comments and implemented
the suggested corrections. Please find our responses to your comments below. Once again, we truly
appreciate your valuable input.

- Major concerns:
* Various descriptions / visualizations / statements in the manuscript are incorrect:

° In Figure 1, the authors visualize the emitted signal of satellite SAR systems as waveforms with
uniform frequency. This is incorrect. Satellite SAR systems emit frequency modulated signals in order
to achieve a fine slant range resolution after pulse compression.

Indeed, we wanted to keep the explanations of INSAR range resolution as simple as possible, omitting
this point. Figure 1 was corrected:

- The satellite signal is now also frequency modulated
- The nomenclature is improved, distinguishing BW for satellite and GB-InSAR (BWegmcw and
BW-empr)

o P5, L94: “The duration of one sequence of frequency variation is also called pulse length T and is
linked to the BW by the following equation ..”. First, sweep duration or sweep length instead of pulse
length is commonly used to describe the length of a frequency sweep of FMCW radars.

In table 1, lines are added for explaining terms FMCW and FMPR (frequency modulated pulsed radar).
T s distinguished between Tgpypgr (Pulse length) and Tgpcw (sweep length).

o Furthermore, the equation does not hold true! The inverse of the sweep duration equals the smallest
measurable frequency shift for FMCW radars, and the time resolution corresponding to this frequency
resolution is the inverse of the bandwidth. The latter is implicitly made use of in Equation 5. | guess
you mixed this up with pulsed frequency modulated radars, for which the effective pulse length (after
pulse compression) is the inverse of the chirp bandwidth. =>For clarity and simplicity, all the
information is gathered with the corresponding references: It is ground-geometry dependent, linked
to the incidence angle 6, the speed of light ¢ and the pulse length tpypr or sweep length Trpcw
according to the following relations (Henderson and Lewis, 1998; Jensen, 2006; Mahafza, 2000;
McCandless and Jackson, 2004):
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o P5, L101: “The range resolution is inversely proportional to the real antenna length L_real”. No, not
the range resolution but the azimuth resolution is inversely proportional to the antenna length!

This was an error. We corrected the range to azimuthal.

o Figure 2: The incidence angle for the satellite case is not the sum but the difference of look and slope
angles. This error was changed in the figure, and we checked that it is correct in the corresponding
equation.



o Figure 3: As | understand it, the yellow cells are supposed to visualize the distortion within the specific
acquisitions. Furthermore, | am interpreting shrinked cell sizes in Y-direction as a result from
foreshortening in the radar images. If this is correct, why is the cell size in Y-direction decreasing along
the Y-axis in (d)? Actually, the foreshortening would decrease with increasing look angle along the
slope. Also i don’t understand what the following in the Figure caption means: "distance between two
horizontal lines increased along Y due to an increase of the range resolution" Actually the range
resolution is getting better (means smaller resolution) along Y, isn’t it? Lastly, It seems that the satellite
SAR image is distorted in X-direction, showing as increased X cell sizes in the center of the image. Why
is that? Maybe I’'m misinterpreting the figure, however in that case the figure should maybe be
reconsidered. The foreshortening is the slope length of the surface in the image: It is shortened for
radar compared to the optical image. This is added in the figure for clarity.

For Radar, along Y, the range resolution decreases (because the look angle increases). The resolution
is thus better in the far range. Two consecutive lines are thus comprised in the same pixel in the near-
range (and are not resolved) but are in two different pixels in the far-range (they are resolved). This is
figured out in the image by an increase of the distance between two consecutive lines along the Y axis
(figure c and d). We have added that one square in the image corresponds to one pixel.

Furthermore, we realized that it may not be clear for the reader the satellite radar image for the cliff
since a satellite acquire from the sky and not from the ground as suggested in figure 3a). We decided
to divide the figure in 2 parts: (1) Acquisition with camera or GB-InSAR from the ground of a cliff and
(2) Acquisition of a flat surface with a satellite InNSAR from the satellite orbit.

The figure title is changed for clarity and accounting of those changes:

Figure 1: Comparison of the view of a surface. a) Real view in a parallel projection with the camera or
radar acquiring the image from the ground, b) Optical image taken with a camera from the ground.
The slope is not compressed. The resolution R increases with Z. Consequently, the distance between
two consecutive horizontal lines decreases along Z, c) GB-InSAR SAR image (after Tapete et al., 2013).
Razincreases and Rr decreases along Y. Consequently, the distance between two consecutive horizontal
lines increases along Z. d) Real view in a parallel projection with the satellite radar acquiring the image
from the satellite orbit. e) Satellite SAR image. Raz is constant along Y while Rr decreases. Consequently,
the distance between two consecutive horizontal lines increases along Y. In the case of the radar images
(c, e), the slope is compressed compared to the optical image, due to the foreshortening effect.

o P8, L136: “The satellite INSAR image footprint is thus rectangular”. How is the shape of the satellite
SAR footprint related to the azimuth resolution? Also on the contrary, you write on P4, L78 “The radar
footprint on the ground is an ellipsoid”. This was indeed not clear. It is not the footprint but the
representation of the slope in the radar image. This sentence was removed since it is implicitly
presented into the figure2.

o Figure 7: how can omega_2 be smaller than omega_3? Also alpha_3 is larger than alpha_2. 2 The
explanation is improved :

The text is completed to explain:

The apparent slope angle can be reduced by placing the radar aside instead of in front of the measured
slope and by applying the Equations (Addie, 1968):

Agpp = tan™'(tana X sinw) (7)

W = W ps — W sioper (8)



with w the angle between the slope direction and the LoS direction, and w s and w g0y being the
orientation of the LoS toward north and the slope strike, respectively. Erreur ! Source du renvoi
introuvable. lists the advantages and drawbacks of each radar position.

The image is updated/ corrected: Wy > W3.
The legend is updated: Figure 7:

Two scenarios of selection of the best GB-InSAR installation to get the less compression of the Sol in
range. The best location is highlighted in yellow. a) Case 1: Installation near VS far from the monitored
cliff. b) Case 2: Installation in front of VS from aside the monitored cliff. When looking aside, eagpp

is smaller according to Equation 7 and the apparent Sol length
on slope in the radar direction is longer so the information is distributed in more pixels in range.

¢ Conclusion: i think the usage of the proposed tool should be motivated and promoted better in the
conclusion.. including that the tool is able to identify shadow areas and foreshortening etc for different
radar positions, which is helpful to know beforehand. The advice given here regarding placement of
the GB-SAR for large area monitoring is not a new finding of the paper, and determining the distance
of the GB-SAR to the area of interest is not a difficult task, you don’t necessarily need your tool for
that. | think the focus here should be much more on the real advantages of using your proposed tool.
We think that the interest of the paper is dual:

(1) Describing the major differences between GB-InSAR and satellite INSAR because when | started
developing the tool we met difficulties finding papers describing GB-InSAR acquisition
characteristics.

(2) Presenting the novel MATLAB tool which gather in the same place a set of valuable maps for
evaluating what results we can obtain before starting the monitoring campaign and checking
that the distance is to target is ok AND not into shadow or affected by a strong foreshortening.
This tool was developed to answer our needs in natural hazard monitoring and we thought it
could be useful also for others to have a tool doing all the calculations for them before the
radar installation.

The conclusion was modified to support these two points:

This paper described the main features of a Linear GB-InSAR acquisition, emphasizing and comparing
the significant differences from satellite radar acquisitions. While these distinctions are rarely addressed
in the literature, they are crucial considerations for anyone initiating a GB-InSAR monitoring campaign.

The paper introduces in a second step a novel MATLAB tool designed for the estimation of the
characteristics of Linear GB-InSAR acquisitions. This tool generates a set of valuable maps, including the
radar-to-target distance, range and azimuthal resolution, foreshortening degree, and shadowing maps
in a single operation. The main purpose is to streamline the search for the optimal radar installation
site, which guarantees the most effective monitoring results when multiple options are considered.

Since the determination of the ideal location varies depending on the objectives of the acquisition
campaign, providing comprehensive information critical for selection simplifies the sensitive choice for
the most suitable site.

If the purpose is to monitor a large area and to delimitate the unstable zone, the radar should be
installed far from the cliff, using the MATLAB tool to check that the LoS distance remains below 4 or 5
km, depending on the GB-InSAR device. Contrariwise, if the purpose is to characterize the displacement
gradient, one will try optimizing the resolution while keeping the LoS as parallel as possible to the



displacement vector. In that case, the tool helps verifying and avoiding the foreshortening and
shadowing areas.

Nevertheless, the radar acquisition characteristics are often not the only thing to consider when
choosing the best location. Most of the time, the electricity access and an easy installation on a flat
surface, as well as the expected instability movement direction, reduce the choices (Caduff et al., 2015).

The tool could be improved and extended to the other GB-InSARs of type ArcSAR or rotary RAR
(Pieraccini et Miccinesi 2019) and for the estimation of satellite INSAR images characteristics in order to
select the best ascending or descending orbit acquisition before starting the downloading and
treatment of the images which can also be a long and laborious work (Berardino et al. 2002; Mancini et
al. 2021).

e P9, L158: “A good balance between an acceptable resolution and backscattered enough signal must
be found (Figure 6a, b)”.You describe that the maximum distance at which the GB-SAR can be deployed
is 4-5 km, and that radar parameters have to be adjusted with regard to the distance. How do you
choose these parameters in practice? Are you testing different parameters and comparing the results?
Or are there specifications in the GB-SAR manual? Have you thought about including in your tool a
rough estimate of the backscatter intensity of the point of interest with regard to the radar position,
in order to find the appropriate radar parameters at a certain distance. Then the range resolution can
be automatically updated with this information.

This could be an improvement for the future indeed and it is a very interesting suggestion. For now,
the BW to select is a specification given by the manufacturer and varies depending on the
manufacturers and the radar. With Lisalab system, an internal tool permits the selection of the good
BW depending on the distance and the number of frequency points. With more frequency points, the
acquisition time will take much longer but the BW can be increased for better resolution.

So a good balance between resolution, acquisition time (~frequency points) and BW must be found
and this depends also on the monitored surface: In general if you are monitoring a Rockwall or a slope
with some boulders in movement the BW must be selected in order that the dimension of the range
resolution will be smaller that the dimension of the wedge or of the boulder you want to measure. At
a long distance, to keep a High BW and a strong enough backscattered signal, the number of frequency
points is increased, increasing also the acquisition time.

If you are measuring an earth landslide since it movement is in general much more homogenous within
the unstable area you can chose a smaller BW for decreasing the acquisition time.

But we do not know how this is done with other manufacturer’s radar. So we decided to keep it as is
and the BW is an input given by the user, since the way the BW is chosen can vary from one
manufacturer to the other.

¢ The structure of the manuscript and also the formatting in certain cases make it difficult to read.
Some examples:

o P17, L307: The following paragraph is completely redundant, as the necessary input parameters and
handling of the tool has already been described in Section 3.2. | do not think this is redundant since
the goal of the paragraph is the description of the software interface. The input parameters and output
are not described again in this section. But to address your comment, the interface section is shorten
and put into the methodology section. We created a new section: “4. Description of the tested case
studies” for splitting the description of the sites and the results obtained with the tool.



o P16, L292: Section 3.3.3 consists of only one sentence, which is not good practice. This was merged
with section 3.3.4 (foreshortening and layover maps).

o P8, L137: Why is this sentence in bold letters and centered? This was an error and removed
- English language

| find the manuscript to suffer from poor usage of the English language. Proofreading by a native
speaker would improve the reading of the manuscript considerably, | believe. Some examples:

o P2, L48: “...consisting in a radar measuring head translating along a rail.” - Changed to: moving
along the rail

o P4, L84: “...the amplitude of the signal sent must be important to reach the Earth surface and to be
backscattered with enough intensity to be recorded by the radar receiver” - Changed to: The
transmitted signal must have sufficient amplitude to reach the Earth's surface and be backscattered
with enough intensity to be detected by the radar receiver

o P9, L159: “.. backscattered enough signal..” = Changed to: A good balance between an acceptable
resolution and a sufficiently strong backscattered signal must be found

° P10, L174: “A good monitoring is when the information related to this Sol is distributed in the
maximum of pixels in range and not compressed only in a few ones” > Changed to: A monitoring
campaign is effective when information concerning this Sol is distributed across a wide range of pixels
rather than compressed within a few; this involve attempting to achieve the finest possible range
resolution

° P13, L226: “... middle of the area ...” =2 middle is replaced by center

o P22,1371: “ ... the radar image is affected by an important foreshortening ...” = important is replaced
by strong

- Minor comments:

e P1,L24: “..it was dedicated”. Itis still, inter alia, dedicated to studying small movements phenomena.
So usage of “has been dedicated” would fit better in my opinion. = This is changed to ‘has been
dedicated’.

e P4, L62: Section 2.1.1 | think it’s confusing why range and azimuth directions are not introduced for
GB-SAR here. = This is added :

In the case of the GB-InSAR, the azimuthal and range directions are parallel and perpendicular to the
rail, respectively. dLoS definition is similar to the one in the aerial case but the near-range is the line
forming the smaller angle with the horizontal line and the fare-range the larger angle (Figure 1 b).

* P4, L69: “Those angles” In my opinion, it’s not good practice to refer to the paragraph title like that.
- The angles are repeated in the text

e P5, 192: “signal emitted is of lower intensity”. Compared to what? = It is improved : is of lower
intensity compared to satellite radar emissions

¢ P5, L94: Figure 1e and 1g should be 1f and 1h, respectively. = This is corrected.



¢ P10, L182: The table and its contents could be explained in much more detail, e.g. why the detected
displacement is lower than the real displacement.. this can be, by the way, the case in every radar
acquisition geometry. = More details are now given in the table.

There is more chance the recorded displacement is less that the real one with P3 if we assume a
displacement along the steepest slope. This is clarified in the text:

LoS may not be parallel to the displacement, the recorded displacement value may be less than the real
one, assuming a displacement along the steepest slope.

e Table 3: Different font sizes used here = This is corrected
* P14, Equation (9): Formatting.. 2 agp, = tan_l(tana X sin[u) Los — W Slope]) 9)

e P14, L251: “ ... should encompass the instable area to monitor.” Shouldn’t be some stable area also
be included as reference? > This is changed to : Should encompass the whole instable area to monitor,
as well as an area supposed to be stable for the atmospheric corrections (Pipia et al., 2008; Noferini et
al., 2005) and the post-processing unwrapping (Goldstein et al., 1988).

¢ P15, Eq. 19, dLos in [Rmin,Rmax] .. does this definitively hold true in case of local topography? Or is
the “mean plane” used here? = | do not understand this comment. It is the real dLoS between the
radar location and each point of the Point Cloud located within the radar footprint which are
considered here.

® P17, L296: What's the “mean plane”? Hasn’t been introduced before. = This is clarified in section
3.3.2.

Once the points illuminated by the radar are known, a mean square method (Wolberg, 2006) is used to

determine the mean intersecting plan, defined by its normal vector N. This vector is then converted into
mean slope dip aMEAN and mean slop dip direction oMEAN.

e Table 5: dLos of synthetic test should be 200m, | guess. Furthermore, how can dlos in case 3 be
outside of the range limits? = It is indeed 200 m.

In case 3, the distance estimated was checked again. There was an error. it is 200m.

* Table 6: i did not get why is there a difference between the dLoS in Table 5 and Table 6? = In table
5 it is a rough estimation of the distance to the monitoring zone while in table 6, it is the real distance
between selected radar and target coordinates. In table 5, we changed dLoS to distance estimation.

® P26, L411: LoS is usually referred to as a vector or direction, not distance. =2 | added : “LoS distance”

e Figure A: Colorbar labels of foreshortening and distance maps are mixed up = the label names were
mixed up. This is corrected.

e Figures A/B/C: As | understand it, the foreshortening degree should be without unit? Instead of given
in degrees.. = It is changed to [-]

® P35, L572: gradientm? Something went wrong in the automatic referencing of the article. This was
corrected.

® P36, L623: Where was this published? = The reference is changed (Wolff et al. 2023)
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