Response to Anonymous Referee #1

In this document, the underlined part is those revision we made for a new manuscript.

Q1 (Question 1): General state of the art is well developed. However some references
to works that deal with large areas inventories in Europe should be done (e.g. Van Den
Eeckhaut, M., Hervéas, J., 2012. State of the art of national landslide databases in
Europe and their potential for assessing susceptibility, hazard and risk.
Geomorphology 139 (140), 545-558.

Response 1 (R1): Thank you for your comment. In the new manuscript, we have
investigated more literatures and provided more about landslide databases in Europe
and their potential for assessing susceptibility, hazard and risk. The following
underlined part has been added in the new manuscript.

A landslide inventory provides the basis for quantitative zoning of landslide
susceptibility. Location, date, type, size, causal factors and damage are supposed to
be included in this database. A commonly used landslide inventory does not yet appear
but some regional or national landslide databases are now well developed. In Europe,
currently 22 out of 37 contacted countries have national landslide databases, and six
other countries only have regional landslide databases. Those national databases
contain about 633,700 landslides in total, of which about 75% are in Italy, and more
than 10,000 landslides are in Austria, the Czech Republic, France, Norway, Poland,
Slovakia, and the UK. In these 37 European countries, only six have sufficient
information to perform risk analysis and one to perform a hazard analysis, while 14
countries can carry out at least a susceptibility analysis. Therefore, at a continental
scale landslide zoning seems to be limited to landslide susceptibility modelling only.
Restricted access to the data also make it difficult for these data to be applied in
scientific research?.

Q2: The authors should make clear what the added values of their study are. How a
global landslide susceptibility map will be used for insurances that secure buildings in
a local scale? Why the use of logistic regression which allow to weight each factor is
important if a world map is presented and those weights will not be used in other areas?

R2: Thank you for your comment. The added value of this research is in the part of
introduction and we have made it clearer. This paper addresses the gap in creating
global landslide susceptibility maps using the widely used statistical method: logistic
regression, and demonstrating the relative significance of different explanatory factors
in global scale. The global landslide susceptibility map in this paper is not for securing
local buildings actually. For those international and national insurance or reinsurance
companies, such map will provide them with clear knowledge of landslide hotspots at
a macro level, which will help them concentrate on those susceptible areas and make
relevant marketing strategies like transferring risks. These underlined part has been
added in the new manuscript.

Compared with some complex numerical methods like SVM, logistic regression
provides a simple method to produce global landslide susceptibility map, which would

1 van Den Eeckhaut, M., & Hervas, J. (2012). State of the art of national landslide databases in Europe
and their potential for assessing landslide susceptibility, hazard and risk. Geomorphology, 139, 545-558.



be helpful in disseminating this research and could encourage further model
development for its simplicity in_modelling. What's more, the result from logistic
regression could illustrate the relative importance of different factors in_explaining
landslides, which could not be achieved by SVM. The accuracy of logistic regression
model in this paper is quite high compared with that of similar experiment that is
performed in national® or local® scale, which really exceeds expectation. To have one
single model to explain the occurrence of past landslides events in global scale may
be difficult, but the result of model in this paper shows that the factors and their weights
in this research can actually provide good explanation of global landslide occurrence
in one model.

This is the reason why the method of logistic regression is used and it has been added
in the new manuscript.

As for the weights of factor, we have to agree that they cannot provide adequate
accuracy when building landslide model in local scale. However, we have determined
to compare this research with those performed in local scale to investigate the rules of
landslide occurrence in different scales in the coming future. We have added this part
in the discussions.

Q3: The “inventory” section is in reviewer opinion the major weakness of the presented
manuscript. Two general databases are combined and used: World Geological Hazard
Inventory and NASA global landslide inventory. However, despite the references to the
original sources some ideas should be clear in this manuscript as for example: a) what
are the criteria that were used to recognize a landslide or to be inserted in the database;
b) what is the best resolution? c) are criteria/resolution the same in both inventories?
d) Sometimes that kind of inventories have a high degree of uncertainty in location.
How you deal with “overlapping” of registries? e) What area the time-period of those
inventories? f) It is not clear for me if authors (or the team of 10 persons) collect
information in newspapers? And the literature what are the main sources? only peer
review journals? Thesis? From which editors or universities? How many references
are considered? Cross reference problems?

R3: Thank you for your comment. The landslide data in this research comes from BNU
World Geological Hazard Inventory and NASA global landslide inventory. In the former
manuscript, we did not provide adequate information about it. We have added more in
this manuscript:

(1)The sources of related databases. The entries of World Geological Hazard
Inventory mainly come from news reports (e.q. mass media in China, Xinhua News,
and Sina News) and records in books and journals. We searched information about
landslide on Internet by using keywords like landslide and debris flow. Then we read
these descriptions carefully to determine whether it is a landslide and locate it, and
later put it into the database. Thus the main source of World Geological Hazard
Inventory can be news data. By investigating these news, we can find out those

2Lin, Q., Wang, Y., Liu, T., Zhu, Y., & Sui, Q. (2017). The vulnerability of people to landslides: a case
study on the relationship between the casualties and volume of landslides in China. International journal
of environmental research and public health, 14(2), 212.

3wang, Y., Song, C., Lin, Q., & Li, J. (2016). Occurrence probability assessment of earthquake-
triggered landslides with Newmark displacement values and logistic regression: The Wenchuan
earthquake, China. Geomorphology, 258, 108-119.



landslides that are of large volume or of high danger, for these kinds of landslides can
be of high news value.

The NASA global landslide inventory mainly collects landslides from several existing
databases, including International Consortium on Landslides website (ICL);
International Landslide Centre, University of Durham (ILC); The EM-DAT International
Disaster Database; International Federation of Red Cross and Red Crescent Societies
field reports; Reliefweb; humanitarian disaster information run by the United Nations
Office for the Coordination of Humanitarian Affairs (OCHA); other online regional and
national newspaper articles and media sources.

The best resolution of World Geological Hazard Inventory is 0.001 degree, and the
NASA global landslide inventory 2km.

(2) The time period of landslide database. In the World Geological Hazard Inventory,
the earliest event can be dated to 1618. In this database, there is 117 landslides
occurred before 1975, 84 between 1975 to 2000, and 274 between 2000 and 2014.
The landslide events in the NASA global landslide inventory mainly happened in 2003,
2007, 2008 and 2009. Hence these two databases are complementary and they can
be emerged to produce a more complete landslide database. This part has been added
in the new manuscript.

(3) The combination of two databases. When combining these two databases, the
occurrence of time provides crucial standard. When two landslide events have different
time (month), they are both reserved in the new database. If two events have the same
occurrence time (month) and their locations are close, investigation through details in
source could determine whether they are from the same disaster. If yes, the record
with higher spatial resolution is reserved and the one with lower resolution is dropped.
This part has been added in the new manuscript.

Q4: A deep discussion should be done about how representative are these inventories.
According to the authors 2005 landslides/debris flows are in the database, but for
example in the work of Pereira et al. (2014) which use a historical landslide inventory
based on press and reports in the northern region of a small country as Portugal, more
than 600 cases were registered. Are the authors confident with 2005 registries for a
World Wide Map? In my opinion this is a strong weakness of this work. Pereira S,
Zézere JL, Quaresma ID, Bateira C (2014) Landslide incidence in the North of Portugal:
Analysis of a historical landslide database based on press releases and technical
reports. Geomorphology 214:514-525. doi:10.1016/j.geomorph.2014.02.032

R4: Thank you for your comment. We have read the paper of Pereira et al. The
landslide data in that paper comes from press releases (regional and local newspapers)
and technical reports (reports by civil protection authorities and academic works). The
database contains 628 landslides with time period of 1900 to 2010. Pereira et al. also
mentioned that regional and local newspapers are more effective than the national
newspaper in reporting damaging landslides in the North of Portugal.

Compared with the research of Pereira et al., the amount of landslide records in our
research seems not enough. However, landslides may have different magnitudes. In
the analysis of global landslide susceptibility, landslides in database should be
representative and those landslides with large magnitudes can meet such requirement.
The landslides in our database are either of large magnitudes or causing severe life



loss or economic loss. If we don’t following this guidelines, in our database there will
be a large numbers of landslides that are occurred in countries with good landslide
catalogue and few in countries with poor landslide catalogue. Such model may lead to
overestimation of landslide susceptibility in countries with rich landslide records and
underestimation of landslide susceptibility in countries with poor landslide records. This
may not be good for improving the accuracy of the map of global landslide susceptibility.
Hence we think that the landslide database in our research is high representative and
reliable. Thank you for your recommendation. We will explore the use of big data on
Internet in building more comprehensive landslide database in our next research.

Q5: Authors should try to compare subsets of their inventory with other national or
“continental” ones (with higher detail and available in literature) to try to find if spatial
overlay is acceptable. Some metric should be done.

R5: Thank you for your comment. In our research, we have tried to acquire landslide
databases of other nations or areas but failed. Hence we compare the spatial overlay
of our landslide database with that of Europe*.
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From the above comparison, it is found that the spatial overlay of landslide samples in
the research of European landslide susceptibility modelling is quite similar with that of
the combined landslide database in this research. The landslides in Europe mainly
distribute in mountainous areas like the Alps and the Balkan. These have been added
in the new manuscript.

Q6: Considering figure 1 it seems that some areas are overestimated and that could
be the result of the used inventories. In fact most of the dots are in Asia, and | believe
that could be true, but it should be supported with statistical data from international
databases, for example EM-DAT, used by UN. It seems to me that North Africa
mountain ranges are underestimated,;

A table with the number of landslides per region (for example continent or other wide
regions that the authors consider adequate) in global inventory and in each data set

4van Den Eeckhaut, M., Hervas, J., Jaedicke, C., Malet, J. P., Montanarella, L., & Nadim, F. (2012).
Statistical modelling of Europe-wide landslide susceptibility using limited landslide inventory data.
Landslides, 9(3), 357-369.



used to model and validate will allow the reader to understand the how spatial
representative are the data sets used. This should be inserted in results section;

R6: Thank you for your comment. In fact, the landslides in EM-DAT has been contained
in our database. It is because EM-DAT is one important source of the NASA global
landslide inventory and also the World Geological Hazard Inventory.

As for the samples in North Africa, thank you for reminding us on such issue. We are
now checking our data again and recalculate this. Unfortunately, we cannot finish this
part by now. We promise to upload our modelling result of each continent in next week
on the open discussion of the journal of NHESS.

Q7: The first paragraph of Results section is mainly methodological procedure for
validation.

R7: Thank you for your comment. We agree that this part should be replaced and we
have adjusted it in the new manuscript.

Q8: Maybe the used inventories are biased by the scale of analysis and the adopted
recognition methodology (small movements disappear) or by the used criteria to
consider a landslide (for example only landslides that cause injuries). This and other
assumptions related to the inventories should be deeply discussed in Discussion
section;

R8: Thank you for your comment. We have added these following underlined part in
discussions. Because of the main focus of this research is global landslide
susceptibility assessment, the landslides in database of this research are mainly those
of large volume or causing significant loss, which are hence easily reported by news
agencies. In such background, some landslides with small magnitudes or not causing
loss may be ignored. The global landslide susceptibility map built on this database can
inevitably underestimate the landslide susceptibility in some sparsely populated areas
or less developed areas. At the same time, besides the factors studied in this paper,
there can be some other factors that also influence the occurrence of landslides. This
research intends to propose a more guantitative method in assessing landslide
susceptibility and tries to enhance the studies of landslide susceptibility when landslide
catalogues from various countries can be easily accessed in the future.

Q9: Even if only a visual evaluation is possible to do: how different are the obtained
results when compared with other global landslide susceptibility maps (some of them
referred in this work)? And with other national/regional maps (for example, USA or
Europe (Join Research Center))?

R9: Thank you for your comment. We have added relevant comparison as follows.

The global landslide susceptibility map may be evaluated by comparison with four
studies from the current literature that focus on large-scale landslide susceptibility.




Comparing the European landslide susceptibility map drawn by Van Den Eeckhaut et
al. (2012)° with the European part of susceptibility map in this study (Fig. 5 (a)), similar
areas of high landslide susceptibility can be observed. The former map includes two
levels (denoted High and Very High) as high susceptibility with a landslide probability
of over 0.8, and this study also includes two levels (Levels 4 and 5) as high
susceptibility with a probability over 0.7. The two maps have similar high susceptibility
areas. Thus, for Europe, landslide susceptibility map in this study agrees with existing
related study.
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Fig. 5 (a) Comparison of European landslide susceptibility map (from Van Den
Eeckhaut et al. 2012) with the related part in this study’s map
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Fig. 5 (b) Comparison of China landslide susceptibility map (from Liu et al. 2013)
with the related part in this study’s map

Comparing the Chinese landslide susceptibility map drawn by Liu et al. (2013)° with
the China part of susceptibility map in this study (Fig. 5 (b)), the former map includes
two levels (Levels 4 and 5) as susceptible with a landslide probability of over 0.6. Map
in_this study includes three levels (denoted Levels 3, 4 and 5) as susceptible with
landslide probability of over 0.6. The main differences between the two maps are in
the western Sichuan Basin and southern Tibet, which is famous for its high elevation
and intense relative relief. This study applies many landslide cases in these areas.

5van Den Eeckhaut, M., Hervas, J., Jaedicke, C., Malet, J. P., Montanarella, L., & Nadim, F. (2012).
Statistical modelling of Europe-wide landslide susceptibility using limited landslide inventory data.
Landslides, 9(3), 357-369.

6 Liu, C., Li, W., Wu, H., Lu, P., Sang, K., Sun, W., & Li, R. (2013). Susceptibility evaluation and mapping
of China’s landslides based on multi-source data. Natural hazards, 69(3), 1477-1495.



However, in the landslide database of Liu et al. (2013), only a few landslides occur in
these areas. This discrepancy is the reason for the differences between the two maps.

As for landslide susceptibility at global scale, Nadim et al. (2006) and Hong et al. (2007)
have ever made magnificent efforts on such topic. One global landslide susceptibility
map (please refer to Fig. 7 in Nadim et al. (2006)) has five levels (Levels 5, 6, 7, 8 and
9) as susceptible, while the map from this study includes three levels (Levels 3, 4 and
5) as susceptible. In general, the susceptible areas of these two maps are fairly similar
except in Madagascar and the eastern Indo-China Peninsula.

Another global landslide susceptibility map (please refer to Fig. 3(a) in Hong et al.
(2007)) has two levels (Levels 4 and 5) as susceptible, compared to map in this study,
which has three levels (Levels 3, 4 and 5) as susceptible. These two maps are similar
over Asia, Europe and Africa. However, map from Hong et al. (2007) has more details
over the Americas, for example, showing landslide susceptible areas in the
Appalachian Mountains in North America and in the Brazilian Highlands in South
America. To a large extent, this greater detail occurs because Hong et al. (2007) used
landslide susceptibility map of the United States to adjust the combination weights of
explanatory factors in their global model. It is noted that map of Hong et al. (2007) also
differs from map of this study in that it shows high landslide susceptibility in central and
southern India, and low landslide susceptibility in equatorial islands such as Malaysia,
Indonesia, and the Philippines.

Q10: Page 3 line 33; Page 7 line 26 — please confirm the use of the term “topology”.
Topography? Please check the way how you performed in-text citations to several
references: sometimes they are alphabetically (e.g. page 2 line 5), others
chronologically (e.g. page 2 line 21) and others none of them (page 2 lines 17-18; page
3 line 25; page 4lines 15-16; page 5 lines 39-40; page 6 lines 14-15). Figures are
adequate but in general with low resolution.

R10: Thank you for your comment. We have revised those parts mentioned above. In
the new manuscript, we will provide figures with higher resolution. You can also find
them in the attachment of this response.

Q11: Figure 1 (in figure or caption) should include time-period of the inventory and a
reference to the main sources of the inventory. Each dot (triangle) means 1 landslide
or more? Please provide a similar graphical scale in figures 1 and 2. | suggest 0-2000
km.

R11: Thank you for your comment. The time period and data reference have been
added in Figure 1. Each dot represents one landslide. Similar graphical scale in
Figures 1 and 2 has also been added. Please check the Figure 1 & 2 document in the
attachment of this response.



