Responses to the comments from anonymous referee 2:

Thanks for all the constructive comments and suggestions. We have revised the manuscript and responded
to all the comments. These are given in this document. Texts in blue font are comments from referee while
texts in red font are revisions in the updated manuscript.

(1) “Methodology is presented initially in terms of the encountered challenges, but instead should be
presented as a final methodology that can deal with cataloguing challenges. This needs to be
improved.”

Thank you for your constructive comments. We have now removed the description of the problems that we
encountered when comparing the existing inventories with high resolution images from the Methodology
section and created a new section: 2.3 Problems with the use of existing inventories. Also, we reformulated
the original methodology section so that it focuses on the work done more clearly. The revised structure of
“3 Methodology” is as following:

3 Methodology

3.1 Workflow

3.2 Landslide mapping
3.3 Land use attributes

(2) “English is sound but sometimes difficult to follow as is too colloquial for a research article.”
We have tried to improve this and modified section that seemed too colloquial.

(3) “State of the art is incomplete in terms of literature about the specific types of landslides
(shallow/debris flows) and trigger event (rainfall).”

We have added more text in the introduction on the mapping of landslide types and issues related to the
trigger event. Besides, in order to make the introduction section more clearly and focusing on the
methodology, some redundant description was deleted. Details of the revisions are as following:
» The original Line 55 to Line 59 of “such as supervised classification (Lacroix et al., 2013), Object
Based Image Analysis (OBIA)(Behling et al., 2014;Casagli et al., 2016; Keyport et al., 2018;
Lahousse et al., 2011; Mohan Vamsee et al., 2018), Markov random fields (Lu et al., 2019; Qin et al.,
2018), random forests (Stumpf and Kerle, 2011), support vector and other machine learning methods
(Lei et al., 2019) or a combination of various algorithms (Aksoy and Ercanoglu, 2012; Li et al., 2016;
Lu et al., 2011; Stumpf and Kerle, 2011).” was deleted. The related references were also deleted.
Other irrelevant contents such as “UAV, SAR, INSAR” in the original line 59 and 60 were also deleted.
»  “The availability of multi-sourced and multi-temporal high resolution satellite images (HRSI) on the
Google Earth platform with 3D viewing capabilities (Crosby, 2012; Fisher et al., 2012) offered major
advantages for landslide inventory mapping (Mohammadi et al., 2018). Many authors have generated
landslide inventories using the Google Earth platform (Rabby and Li, 2019; Sato and Harp, 2009;
Fiorucci et al., 2011; Borrelli et al., 2015). It has also proven to be possible to map event-based
landslides by comparing images before and after the event using Google Earth history viewer (Xu et
al., 2014a, 2014b). However, recognizing and mapping specific types of landslides such as rainfall
triggered shallow landslides over large areas can be still challenging when using automated techniques.
Field verification is only feasible for a limited number of landslides, as it is time and labor intensive,
and many landslides may be difficult to access. Therefore, visual image interpretation using HRSI
from different time periods may be the best solution. Landslide mapping and classification requires
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mapping experience and the availability of HRSI in three-dimension views, either using stereo images,
or oblique views such as in Google Earth, allowing to recognize the specific diagnostic features
(Soeters and van Westen, 1996; Zieher et al., 2016).” was added in the introduction section. Also the
related references were added in the reference list.

»  The order of some sentences was modified in the introduction section.

» Related references were added in the bibliographic list.

Borrelli, L., Cofone, G., Coscarelli, R. and Gulla G.: Shallow landslides triggered by consecutive rainfall
events at Catanzaro strait (Calabria-Southern Italy), J.  Maps, 11(5), 730-744,
doi:10.1080/17445647.2014.943814, 2015.

Fisher, G. B., Amos, C. B., Bookhagen, B., Burbank, D. W. and Godard, V.: Channel widths, landslides,
faults, and beyond: The new world order of high-spatial resolution Google Earth imagery in the study
of earth surface processes, Spec. Pap. Geol. Soc. Am., 492, 1-22, do0i:10.1130/2012.2492(01), 2012

Jacobson, A., Dhanota, J., Godfrey, J., Jacobson, H., Rossman, Z., Stanish, A., Walker, H. and Riggio, J.: A
novel approach to mapping land conversion using Google Earth with an application to East Africa,
Environ. Model. Softw., 72, 1-9, doi:10.1016/j.envsoft.2015.06.011, 2015.

Rabby, Y. W. and Li, Y.: An integrated approach to map landslides in Chittagong Hilly Areas, Bangladesh,
using Google Earth and field mapping, Landslides, 16(3), 633-645, d0i:10.1007/s10346-018-1107-9,
20109.

Soeters, R., van Westen, C. J.: Slope instability recognition, analysis, and zonation. In: A. K. Turner, R. L.
Schuster (Eds.), Landslides, investigation and mitigation, Special Report, 247, Transportation
Research Board, National Research Council, National Academy Press, Washington D.C., USA,
129-177, 1996.

Zieher, T., Perzl, F., R&sel, M., Rutzinger, M., Meifd, G., Markart, G. and Geitner, C.: A multi-annual
landslide inventory for the assessment of shallow landslide susceptibility - Two test cases in
\orarlberg, Austria, Geomorphology, 259, 40-54, doi:10.1016/j.geomorph.2016.02.008, 2016.

(4) “Also, alongside with the inventory mapping objective, authors try to provide a susceptibility
assessment of the landslides without stating it clearly and without a sound methodology”

Our paper does not intend to provide a landslide susceptibility assessment. This is not stated in the
objectives, and therefore we also do not provide a methodology for it, nor do we present a landslide
susceptibility map. We only aim to develop a dataset from which it will be possible to analyze the effect of
land use/land cover change on the landslides that occurred in 2018.

(5) “They provide a section - land use attributes, which has no dataset available and comment in
intersecting both datasets (landslides inventory and land use). This is also confusing when dealing
with a MS about landslide inventorying. This analysis belongs to a dedicated susceptibility
assessment paper.”

The section on land use attributes is part of the methodology as indicated in Figure 13 and described in the
original section 3.2. Not only were the landslide locations determined based on the comparison of the
pre-and post-event Google Earth Images, but also the land use was interpreted and recorded as attributes for
the landslide point in 2010 and 2018. The descriptions of the land use/land cover in 2018 (before the
monsoon) and in 2010 are part of the methodology, and the land use/land cover attributes are part of the
landslide inventory dataset. They were provided as attributes of landslide dataset instead of separate land
use/land cover dataset because of the following reasons.



»  The ultimate aim of the study is to analyse to what extent the 2018 landslides were affected by land
use changes. To study this, we needed the exact land use/ land cover situation in the initiation areas.
As explained in section 3.3, the available land use/land cover products for the Kerala are of
insufficient detail and accuracy to use in combination with the mapped landslide points.

»  Asis shown in Fig 1, the attributes of LU_2010 (land use in 2010 of a landslide initiated area) and
LU_2018 (land use in 2018 of a landslide initiated area) were land use information in the manuscript
loaded as attributes in the final dataset, which can be used to analyze the relation between landslide

and land use.
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Fig. 1 Land use attributes in the attribute table of landslide dataset (LU_2010 and LU_2018 in cyan
are land use type in 2010 and 2018 for each landslide initiate area, respectively

»  We have added a sentence in the methodology section 3.1 to clarify that further:

“For each landslide we visually interpreted the LULC types using the Google Earth history viewer, for two
time periods: before the monsoon of 2018, and for the oldest and nearly complete cover of HRSI for Kerala,
which dates back to 2010. Our final landslide inventory dataset was made as points, which were carefully
located on the initiation point of the landslides, with attributes related to the landslide type, and the LULC
in 2010 and 2018. Due to large number of landslides in the inventory it was not possible to map the
landslides as polygons, separating initiation, runout and accumulation areas (Soeters and van Westen,
1996).”

»  The actual analysis of the results is done in another paper which focuses indeed on the evaluation of
the land use / land cover changes, and explanation of the causal factors for the landslides. This paper is
under preparation and will be submitted to Catena.

(6) “The methodology itself is not new, but although primarily based on the merge of already
available catalogues, it completes and verifies the first information. But only the use of the Google
images is explained, all about the satellite images is disregard and only mentioned superficially”

Thanks for your comments. The Google Earth Images were our main source of information. As the study
area is very large (covering the entire state of Kerala), and is affected by frequent cloud coverage, we
would need to acquire a large number of very high resolution satellite images to carry out the study,
especially because we did the comparison also for the land use/land cover in the past. As Google Earth
provides such high resolution images free of charge, it was used as the main data source. Other satellite



data (Resourcesat-2 LISS-1V images, with a spatial resolution of 5.8 m from NRSC) were used for those

locations where post-event satellite images in Google Earth were distorted, obscured or missing. We

revised the texts in section 3.1 and the original figure 9, 11, and 12 to illustrate the other satellite images

used in this study.

»  We modified the sentence in the revised section of 3.1:

“For those areas where the post-event images in Google Earth were distorted, obscured or missing, we used

Indian Resourcesat-2 LISS-1V images (with a spatial resolution of 5.8 m and three bands of green, red and

near infrared) for the earliest available post-monsoon period of 2018, which were obtained from the

National Remote Sensing Center.”

»  Also, we modified the original figure 9 (Figure 7 in the revised manuscript), figure 11(Figure 9 in the
revised manuscript) and figure 12 (Figure 10 in the revised manuscript). Adding Resourcesat-2
LISS-IV images when the high resolution images post the event on Google Earth images were missing.

The updated figures with captions are as following:
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Figure 7: Example of a situation where vegetation re-growth made it difficult to identify the scarps on
Google Earth images due to the large time span between the event and the first available images within
Google Earth. The original NRSC landslide polygons were generated from the classification of
Resourcesat-2 LISS-1V images that were taken within 15 days of the event. (a) pre-landslide Google
Earth image; (b) earliest available post-landslide Google Earth image, where the landslide cannot be
recognized; (c) mapping of the landslide initiation point based on Resourcesat-2 LISS-1V image (RGB
combination: near infrared, red, green). Basemap data for a and b © 2019 Google
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Figure 9: Example of the presence of darks shadows in the post-event images in Google Earth images,
making it impossible to check the original NRSC landslide polygons. (a) pre-landslide Google Earth
image; (b) earliest available post-landslide Google Earth image, where the landslide cannot be



recognized; (c) mapping of the landslide initiation point based on Resourcesat-2 LISS-1V image (RGB
combination: near infrared, red, green). Basemap data for a and b © 2019 Google
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Figure 10: Example of the obstruction of view by clouds where the original NRSC landslide polygons
could not be checked. (a) pre-landslide Google Earth image; (b) earliest available post-landslide
Google Earth image, where the landslide cannot be recognized; (c) mapping of the landslide initiation
point based on Resourcesat-2 LISS-1V image (RGB combination: near infrared, red, green). Basemap
data for a and b © 2019 Google

(7) “Also, no additional information on dates and type of images (e.g. resolution) both from Google
Earth and satellite is provided. This is important for the discussion and the challenges encountered”

The Google Earth images available for the state of Kerala were of varying dates, but we selected those
closest to the monsoon event (pre-and-post) and those that were from 2010. The actual dates were different
in each part of the state, and cannot be indicated separately. This is also the case for the ResourceSat-2
LISS—IV images, which were used for the areas where Google Earth images were not available. For the
resolution of the multi-sourced images, we have indicated this in the following text.

»  “After combining the above-mentioned inventories and overlaying them on multi-sourced sub-meter
satellite images for both the pre-and post the event in Google Earth platform (Jacobson et al., 2015;
Rabby and Li, 2019), several problems with the data were discovered through visual interpretation.”

»  The original Line 133: “as the NRSC data was mainly based on Resourcesat-2 LISS IV images with
5.8 m spatial resolution”

» “we decided to correct and edit all landslides using visual interpretation based on multi-temporal
HRSI available before and after the event on the Google Earth platform. These images with varying
dates allow recognizing details in landforms, and land use. For those areas where the post-event
images in Google Earth were distorted, obscured or missing, we used Indian Resourcesat-2 LISS-IV
images (with a spatial resolution of 5.8 m and three bands of green, red and near infrared) for the
earliest available post-monsoon period of 2018, which were obtained from the NRSC.”

»  More information about satellite images on Google Earth in the following literatures, which were also
cited in the manuscript and added in the reference list:

Jacobson, A., Dhanota, J., Godfrey, J., Jacobson, H., Rossman, Z., Stanish, A., Walker, H. and Riggio, J.: A
novel approach to mapping land conversion using Google Earth with an application to East Africa,
Environ. Model. Softw., 72, 1-9, doi:10.1016/j.envsoft.2015.06.011, 2015.

Rabby, Y. W. and Li, Y.: An integrated approach to map landslides in Chittagong Hilly Areas, Bangladesh,
using Google Earth and field mapping, Landslides, 16(3), 633-645, doi:10.1007/s10346-018-1107-9,
2019.



(8) “About the inventory itself, authors propose to catalog only the initial fail called landslide scarp.
But this is very difficult to assess in shallow landslides. The landslides types occurred in Kerala seem
to belong to the type shallow landslides/debris flows, which is common in rainfall triggered landslides,
but authors to not comment on how this may affect the proposed methodology”

We have added sentences in the revised section 3.2 Landslide mapping to explain how we differentiated
between the three landslide types:

“The landslides were classified into three simple groups: shallow slide (SS), debris flows (DF) and rock fall
(RF). Based on the diagnostic features described in Soeters and van Westen (1996) debris flow (DF)
features were differentiated from shallow landslides (SS) by the presence of a runout zone, often reaching
to the nearest stream, which is not the case for SS. Rock fall features (RF) can be differentiated from the
other two processes as they occur on very steep and bare rocky slopes.”

(9) “Also, the inventory consists in only points, but polygons were generated to give the information
on area, for example. The polygons could have been provided as well as part of the dataset, enriching
it. I would suggest authors to look for specific literature on rainfall landslide inventories to answer
for these questions, particularly in soil-slips and shallow landslides. This is also important for the
discussion were authors claim small landslides could not be mapped.”

The inventory from NRSC, which was generated through automated image classification, contained
polygons. But as we indicated in the paper, these contained too many errors in order to be used in a
subsequent analysis. Our visual analysis of the landslide initiation areas was done using points only,
because mapping the landslides as polygons would have been too time consuming considering the large
study area.

Also for the purpose of our study: the analysis of the effect of land use changes on the occurrence of
landslides in the monsoon of 2018, the mapping of points in the initiation areas was adequate. Landslide
areas were obtained by measuring the width and length of the landslide. Small landslides that could not be
recognized on the very high resolution images, could not be mapped.

(10) “Overall advice is to reformulate the manuscript keeping the methodology simple and clear and
only about the inventory mapping, discussing errors and uncertainties inline with literature review.”

»  The ultimate aim of our study is to use the inventory for the analysis of land use/land cover changes,
and the description of this is an important component of this paper. The mapping of the land use in the
landslide locations for two time periods is an essential part of this paper, and is a more accurate
approach than overlaying the landslide inventory on two land use maps from two different periods.

»  We have reformulated the methodology section to keep it clear on inventory mapping. Details were
shown in response to comment (1).

» The errors and uncertainties were supplemented in the last paragraph of section 4.2. Also, the final
paragraph of the original manuscript is on the uncertainties and completeness. Revisions added are as
following:

“In the final landslide point dataset, 1276 (27%) out of 4728 landslides were confirmed only by one
source, while a total of 3452 (73%) landslides were confirmed by at least two independent sources (Table
3). Among the single sourced 1276 landslides, 420 (9%) landslides without an estimation of the area of the
landslides, as those were the points from GSI for which no area could be determined in the images, because
the landslides were too small. These 420 landslides were mapped by GSI as they caused damage to
buildings and roads, but could not be identified on Google Earth or Resourcesat-2 satellite images, due to



the small size or sheltering by buildings, trees, and clouds. Still, they are accepted in the final dataset
because they were visited by geologists in the field. The rest of 856 (18%) single sourced landslides were
identified and confirmed by their clear signs on multi-temporal Google Earth images, and about 25 of these
were confirmed by field investigation by the authors in May, 2019. Therefore the minimum overall
accuracy of the final inventory is 73%, although we consider it to be much larger, given the fact that we
visually inspected the entire area. However, it is not possible to quantify the completeness of the final
inventory, due to the lack of another independent and confirmed complete inventory.

Table 3: The number of landslide confirmation by different means in Kerala

Google Earth NRSC, Google
i ) GSl only GSI, NRSC,
Confirmation . only Earth/

(Field . : GSI, Google Earth Google

means . (Visual image Resourcesat-2

mapping) . . Earth
interpretation) LISS-IV

Number/% 420/9% 856/18% 553/12% 2477/52% 422/9%

(11) “Dataset: The dataset is new, because it merges and verifies 2 already available landslide
inventories, although it is not clear if the original datasets are freely available.”

» The NRSC dataset can be consulted but not downloaded. We added a line to the first paragraph of
section 2.2:
“The landslide dataset can be consulted on the Bhuvan web-platform of
(https://bhuvan-appl.nrsc.gov.in/disaster/disaster.php?id=landslide_monitor ).”

NRSC

»  The dataset from GSI is not freely available.
(12) “Shapefile metadata should be filled up.”

Metadata.pdf file on DANS (https://doi.org/10.17026/dans-x6¢c-y7x2) (Fig 2) was provided for the
description of shapefile.

Data files (11)

& Download | @ View details

(23 Dataset Contents

Dataset Contents]
original Name = size Accessible
Some (currently)

@ Kerela landslide.mid 661853  Yes

= Kerela landslide 247043 Yes

161350  Yes I

Fig. 2 Metadata to the final landslide shapefile dataset in DANS
(13) “What are files Kerela landslides.mid and .mif? Could not open them.”

» The files with extension .MID and .MIF are Mapinfo exchange format, and were automatically
converted by the data management organization (DANS) as they consider it to be a better standard
than Shapefiles.


https://bhuvan-app1.nrsc.gov.in/disaster/disaster.php?id=landslide_monitor
https://doi.org/10.17026/dans-x6c-y7x2

»  Using Maplnfo, .MID and .MIF files will be opened.

(14) «“A document stating what the different files are should be provided.”

The file called metadata.pdf on DANS (Fig. 2) gives the full description of the data.
(15) Response to the technical corrections of Figure 6, Figure 8, and Figure 9

»  “Figure 6 — there are no landslides and markers are the same in both images”

This figure contains the landslide boundaries of the original NRSC landslide polygon on the pre- and
post-event images, and the interpreted landslide initiation points indicated as markers in the right image.
The caption of Figure 6 in the original manuscript was revised to make the description more clearly. Details
of the figure and revised caption are as following:
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“Figure 6: Example of a situation where the original NRSC landslide polygon was separated and
converted into several landslides, marked by points and digitized on the top of the scarps. (a)
pre-landslide image with NRSC landslide polygon on top; (b) post-landslide image, with the NRSC
polygon on top, which shows that there are two landslides instead of a single one; (c) the mapping of
landslide points in the scarps of the two landslides. Basemap data© 2019 Google *

»  “Figure 8 — there are no landslide. Landslide scar is located right an up from both the idenfied
polygon and pinpoint.”
We modified the caption of original Figure 8 (Figure 12 in the revised manuscript) as following:
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“Figurel2 (Figure 8 in the original manuscript): Example of a situation where the original GSI
landslide points were shifted to the top of the landslide scarps. (a): pre-event image with landslide
points from the GSI inventory; (b): post-event image with original landslide points from the GSI
inventory; (c): post-event image with adjusted landslide points. Basemap data© 2019 Google”

»  “Figure 9 — One can not infer anything from the images — field work? Caption needs to be
improved.”

Figure 9 (Figure 7 in the revised manuscript) with its caption in the original manuscript is revised. The

basemap of Figure 9c was replaced by Resourcesat-2 LISS IV images. The caption of original Figure 9 was

revised to make the description more clearly. The revised Figure 9 (Figure 7 in the revised manuscript) and

its caption are as following:
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Figure 7(Figure 9 in the original manuscript): Example of a situation where vegetation re-growth
made it difficult to identify the scarps on Google Earth images due to the large time span between the
event and the first available images within Google Earth. The original NRSC landslide polygons were
generated from the classification of Resourcesat-2 LISS-1V images that were taken within 15 days of
the event. (a) pre-landslide Google Earth image; (b) earliest available post-landslide Google Earth
image, where the landslide cannot be recognized; (c) mapping of the landslide initiation point based on
Resourcesat-2 LISS-1V image (RGB combination: near infrared, red, green). Basemap data for a and
b © 2019 Google
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> In view of the constructive comments on the above figures, we also modified the caption of the
original Figure 7 (Figure 11 in the revised manuscript) to make the description more clearly. The
details of this Figure and caption are as following:
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Figure 11(Figure 7 in the original manuscript): Example of a situation where the original GSI
landslide points were accepted although there were no manifestation of landslide scarps was visible in
pre- and post- event images within Google Earth. We assumed that landslide were properly marked in
the field by the surveyors, and that they must have been very small and hidden from view by
surrounding vegetation or buildings. Basemap data© 2019 Google

(16) “Please also note the supplement to this comment:
https://essd.copernicus.org/preprints/essd-2020-83/essd-2020-83-RC2-supplement.pdf.”

Thank you very much for this comment. We have taken all your valuable suggestions into account.

Examples as:

»  All “shape file” was replaced as “shapefile”.

»  Also, surficial slide was replaced by “shallow slide” in the whole manuscript.

» Toavoid repetition and make the description more clearly and concise, high-resolution satellite
images was replace by “HRSI” from the second occurrence.

»  The caption of Table 1 “The number of landslides per district in Kerala for the various data
sources” was replaced by “The number of landslides per district in Kerala of the final dataset
with various sources”



