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S1. Random forest

Random forest (RF) is a decision-tree based ensemble-learning method, a proven and powerful technique for classification and
regression (Barnett et al., 2019; Biau, 2012; Biau and Scornet, 2016; Breiman, 2001; Kursa, 2014; Chaudhary et al., 2016;
Rodriguez-Galiano et al., 2012). The random forest classifier consists of multiple classifiers, where each classifier bootstraps
the training data samples (Breiman, 2001; Liaw et al., 2002). Bootstrapping in each random forest classifier is done by selecting
N samples randomly from training samples of size [NV with replacements. For [V training samples bootstrapping N times leads
to the approximate selection of 2/3 of training samples (Azar et al., 2014; Belgiu and Drigut, 2016). Hence, each tree in a
random forest classifier is trained independently using around 2/3 of the training samples selected using bootstrapping.

In a binary classifier, as in our case, each parent node ¢ splits into two daughter nodes: right r and left /. Instead of selecting
all the p features for node split, a subset of features m (m=4/p) is selected randomly for each node split (Azar et al., 2014;
Okun and Priisalu, 2007). Among m features, one of the features selected for the node split is based on optimizing a criterion.
The criterion is called the ’Gini Index,” which measures the features’ impurity to the classes. The Gini index of right r and left

[ daughter nodes are calculated as:

G,=1-P% - P% (1)
Gi=1-Pj— P, )
where P,.; (F;;) is the probability of samples in the right (left) daughter nodes having class j. The Gini index is calculated for

each predictor in the subset of predictors m, and the features that maximize the change in Gini index is chosen for node split.

Change in Gini-index is calculated as:
AG(S(]) = Gq - pT‘qGT' - pqula (3
where p,q (p1q) are the ratio of the number of data points in daughter nodes r () to the total number of points in the parent

node g (Kuhn et al., 2013; Zhang and Ma, 2012). The process of splitting nodes continues until a stopping criterion is met, e.g.,

when no further samples are remaining, or the Gini-index of parent nodes is lower than the daughter nodes.
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Figure S1. (a) The sample architecture of one of the trees of random forest classifier. The tree is trained on 20610 landslides samples

A
with 10305 each earthquake and rainfall trigger class. Feature vector ([A, P,Ch, W, $m, F,e]) represents landslide geometric property

corresponding to each landslide sample. For illustration purposes, the tree is grown to only depth three. (b) testing sample of landslide tested

on the tree shown in (a). The sample landslide polygon is classified as an earthquake.

The steps for constructing trees in the random forest are as follows:

(i) Select bootstrap samples of size N from training samples of size V.

(i) Randomly select m variables among p variables for the node split.
(iii) Choose one variable among m variables that best split the node according to the Gini-index criterion.
(iv) Continue repeating steps (i) to (iii) until the stopping criterion is met.

For testing, each tree classifier predicts the class of testing sample independently, and the class with majority votes is the final
outcome of random forest (Kuhn and Johnson, 2013; Pal, 2005; Arabameri et al., 2021; Belgiu and Dréagut, 2016).

In random forest, bootstrapping training samples selection and random selection of features for a node split reduces the
correlation between trees. This technique has proven to improve the predictive power of ensemble learning (Azar et al., 2014).
In addition, random forest assigns each feature a score that provides its relative importance (Qi, 2012; Friedman et al., 2001).
Features with low relative scores should be discarded as they are neutral to the model accuracy and increase the model com-

plexity.
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Landsifier is a Python library we built with version 3.6 of Python and the code is available on GitHub: https://
github.com/kamalrana7843/Landsifier.git ( we published the Landsifier library under an open-source license
in a way that it is accessible via the python terminal using the import command). On this link, prospective users can also find
the list of Python packages used in the library. Landsifier contains three methods for landslide trigger classification, and
these methods only use shapefiles from landslide inventories (two of these methods use 2D polygon shapes of landslides, while
the third method uses the 3D shapes of landslides). This section describes various functions provided in the Landsifier
library to implement the above methods and Figure S2 summarizes these functions in form of a flowchart. Also, Figure S3

shows a sample output of the Landsifier.
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Figure S2. The figure shows the flowchart of implementations of all the three methods using functions and their variables used in the
landsifier library. All three models use polygon shapefiles as an input to the model and provide the probability of landslide belonging

to earthquake and rainfall as an output (a) geometric features based method (b) topological features based method (c) image-based method.

S2..1 Functions for geometric features based classification

Below we list functions to implement the geometric features-based classification, details of the method can be found above in

section 3.1 of the main paper and in our publication (Rana et al., 2021). Note below we have described functions in a form that
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Figure S3. The output of the geometric feature-based method when Kumamoto inventory is testing inventory and the rest five inventories
are used as training inventories. Each method in the 1andsifier will produce similar outputs. The y-axis in the plot shows the probability
of landslides belonging to the earthquake and rainfall class, and the x-axis shows the sample index of landslides. For each landslide in the
testing inventory, all the models give a probability of landslides belonging to earthquake and rainfall-induced classes. The predicted trigger

of most of the testing landslides is the probable trigger of the testing inventory.

this method can be used for inventories with unspecified triggers, i.e., unknown ground truth.

latlon_to_eastnorth (latlon_polydata): This function takes polygons data in (longitude,latitude) coordinates
as an input and provides polygon data in (easting,northing) coordinates as output to the function. This function is used to
get landslide polygons in (easting,northing) coordinates when polygon data in shapely files are in (longitude,latitude)

coordinates.

Calculate_geometric_properties (polygon_shapefile): Asthe name suggests, this function calculates the
geometric properties of each of the landslide polygons present in shapefile. This function takes polygons shapefiles
(polygon_shapefile) as input, converts polygon data into (easting, northing) coordinates if required using the
latlon_to_eastnorth function, and then provides the geometric properties of polygons as output to the function. For

each landslide polygon it calculates a vector([A, P,Cr, W, s, ik e]) containing polygon geometric properties as output to the
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function. All the geometric properties of the landslide polygon are calculated using the shapely package in Python.

classify_inventory_rf (earthquake_inventory_features, rainfall_inventory_features,
test_inventory_features): This function takes the earthquake-triggered inventories (earthquake_inventory_features),
rainfall-induced inventories (rain fall_inventory_features) and testing inventories (test_inventory_features) geometric
features as the input. Within the function, it trains the random forest algorithm on training data containing equal samples of

the earthquake and rainfall-induced class. The output of the function is the probability of testing landslides belonging to each

trigger class.
S2..2 Functions for topological features based classification

Below we list functions to implement the topological features-based classification, details of the method can be found above in
section 3.2 of the main paper. Note below we have described functions in a form that this method can be used for inventories

with unspecified triggers, i.e., unknown ground truth.

download_dem (polygon_shapefile): This function takes shapefile of landslide polygons as an input and down-
loads the Shuttle Radar Topography Mission digital elevation model (DEM) of resolution 30 meters corresponding to inven-
tory region (Farr et al., 2007). It takes the bounding box over the entire inventory location and calculates the (minimum
latitude, minimum longitude) and (maximum latitude, maximum longitude). Using the elevation
package in Python, it downloads the DEM data of a region bounded by minimum latitude, minimum longitude,
maximum latitude, and maximum longitude coordinates. This function downloads all the tiles (one tile consti-
tutes 1° x 1° region in both latitude and longitude) of the inventory region and combines all the tiles into one file corresponding

to one inventory.

make_3d_polygons (polygon_shapefile, dem_location, inv_name, dem_down_yesno ): This func-
tion takes landslide polygon shapefiles (polygon_shapefile), DEM path location (dem_location), inventory name
(inv_name) and Boolean parameter (dem_down_yesno) as input and provides 3D point cloud data of landslides as output.
This function carries out several tasks. First, it downloads the DEM data corresponding to the whole inventory region in path lo-
cation (dem_1location) with inventory name (inv_name) using download_dem function if dem_down_yesno is True.
If users already have DEM corresponding to inventory in path location (dem_locat ion) with inventory name (inv_name)
then (dem_down_yesno) is False. Then corresponding to each landslide polygon it interpolates the DEM data around the
bounding box of the polygon. Using the shapely package, the function removes all the interpolated data outside the outline of

the landslide polygon and takes elevation data only within the landslide.

get_tda_features (three_d_data): This function takes the 3D shape of landslides point cloud data (three_d_data)

as an input and provides machine learning features corresponding to each 3D landslides as an output to function. This func-



tion calculates the persistence diagram using Vietoris Rips persistence for each 3D landslide, and then using the persistence
diagram, it calculates the following TDA metrics: persistence entropy, average lifetime, number of points, betti curve based
95 measure, persistence landscape curve based measure, Wasserstein amplitude, Bottleneck amplitude, Heat kernel-based mea-
sure, and landscape image-based measure corresponding to each homology dimension—0, 1, and 2. These TDA metrics are

used as a feature space for the machine learning algorithms.

classify_inventory_tda (earthquake_inventory_features, rainfall_inventory_features,

100 test_inventory_features): This function takes training earthquake inventory’s (earthquake_inventory_features),
training rainfall inventory’s (rainfall_topological_features) andtesting inventory’s (test_inventory_features)
TDA based features as input to function. Inside the function, it first selects the top 10 features with the highest feature impor-
tance using training data. It then combines an equal number of training earthquake and rainfall samples to avoid any class
imbalance problem. It trains the random forest algorithm on training data and predicts the probability of testing landslides

105 belonging to each trigger class.

S2..3 Functions for image based classification

Below we list functions to implement the image-based classification, details of the method can be found above in section 3.3 of
the main paper. Note below we have described functions in a form that this method can be used for inventories with unspecified

110 triggers, i.e., unknown ground truth.

increase_resolution_polygon (poly_data): Thisfunction takes a single polygon coordinates data (poly_data)
in (easting,northing) coordinates as input and increases the number of points between any two adjacent vertexes of the poly-
gon within the function. This function is useful in creating smooth binary scale landslide polygon images. The output of the

115 function is landslide polygons coordinates data having multiple points between the adjacent vertex of polygons.

make_ls_images (polygon_shapefile): This function takes polygon shapefiles (polygon_shapefile) as an
input and provides landslide polygon images as an output to the function. It creates N x N (N = 64 in our case) pixel im-
age with binary values of 0 or 255 for each pixel. This function first increase the number of data points in polygons using
120 increase_resolution_polygon function and then takes a bounding box of polygon and transforms the coordinates
of polygons by subtracting polygon (minimum_easting, minimum_northing) value from each point in the polygon. Then
divide each point in polygon (easting,northing) value by resolution of pixels (desired spatial distance between any two ad-
jacent horizontally or vertically pixels) and convert them into nearest integers. Then for each pixel (x,y) the value of the pixel
is 255 if there exists a point in the polygon with coordinates (x,y) otherwise the value of the pixel is 0. This function also

125 removes those landslides having length and width of bounding box greater than 180 meters as the image of a polygon has some
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restrictions on maximum landslide polygon it can have (resolution of pixels ( 3 meters) x N = 192 meters).

train_augment (train_data, train_label):This function takesinput training landslides data (train_data)
and training labels (train_label) as input. The main idea behind using train_augment function is to augment the
training data as CNN is data extensive algorithm. It rotates each image by 90°, 180°, 270°and flip the image vertically and

horizontally to increase the number of training samples. The output of the function is augmented training data and labels.

classify_inventory_cnn (earthquake_inventory_images, rainfall_inventory_images,
test_inventory_images) : This function takes training earthquake inventory images (earthquake_inventory_images),
training rainfall inventory images (rainfall_inventory_images) and testing inventory images (test_inventory_images)
as input to the function. Within the function, it combines an equal number of training earthquake and rainfall samples to avoid

any class imbalance problem and then augments the training data by using the t rain_augment function. Then it trains the

CNN algorithm on augmented training data and predicts the probability of testing landslides belonging to each of the trigger

classes.

Code availability. The source code and future updates are available in the GitHub repository (https://github.com/kamalrana7843/

Landsifier.git).
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