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This study presents an interactive web-based approach for modeling rainfall-induced landslide susceptibility
using Free Open Source Software (FOSS). The design is based on the R statistical framework and Shiny package
coupled with the shallow slope stability model (SHALSTAB) from SAGA GIS. The easy-to-use real-time appli-
cation extends the potential of current modeling efforts to non-expert R and GIS users and can also be used in an
educational context for classroom teaching activity and enabling research-informed learning. The parsimonious
approach (i.e. few parameter inputs) is accomplished in two sequential steps including modeling and validation
by the use of site-specific datasets. The approach was tested in a case study on the Clearwater National Forest and

the results from the validation showed an overall accuracy of 0.894, kappa of 0.789 and AUC from ROC curve
was 0.715. The modeled landslide potential may be used as a decision-support tool for local planning.

1. Introduction

Rainfall-induced shallow landslides are the most common gravita-
tional mass movements caused under conditions of transient infiltration
into initially unsaturated soils (Baum et al., 2010; Lehmann et al., 2013).
The intense or prolonged rainfall is usually the main triggering mech-
anism that weakens the soil shear strength by increasing soil water
content and pore water pressure. The assessment of rainfall-induced
landslide susceptibility at local and regional scales which is necessary

knowledge derived from past failures can be used for predicting future
failure conditions. However, scenarios that cause landslide failure are
altered and changing due to climatic effects and need to be addressed by
using physical laws (Hirlimann et al., 2022). At present, altered situa-
tions are addressed by widespread deployment of artificial intelligence
techniques which accelerate discovery of physical laws and governing
processes that influence instability factors. Despite all of that, the
existing physically-based models are still an important asset for land-
slide modeling and understanding new conditions as a result of envi-
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Shallow slope stability model
(SHALSTAB)

SHALSTAB is a deterministic model that calculates the critical
shallow groundwater recharge conditions (mm/day) that can
destabilize a slope.

The model couples cohesionless infinite plane slope stability model
and steady-state shallow subsurface flow (i.e., hydrological model).

Infinite slope model is the ratio of resisting (shear strength) to driving
forces (shear stress))

The hydrological model calculates the spatial patterns of soil
saturation (i.e., wetness) using upslope contributing areas, soil
transmissivity and local slope with a presumption that the flow infiltrates
to a lower conductivity layer and follows topographically determined
flow paths.



Hydrological Model Wetnhess

Wetness Index represents the spatial distribution of water flow
across a given area in order to predict zones of saturation

CTl =In(A, / tan B) /f’ =

where:

A, is the specific catchment area (is large

typically in converging segments of
landscapes)

[ is the local slope angle (is small at base of
concave slopes where slope gradient is
reduced)

(Speight, 1974; Bevan & Kirkby, 1979; Moore et al. 1991; 1993)



SHALSTAB

The critical steady-state rainfall (Q) that is predicted to
cause instability at each grid cell is solved by the following
equation:

Qc =TsinB/(a/b)[ps/pw (1 —tanb /tanp)]

where topographic terms from the DEM include drainage
area that contributes subsurface flow a, the outflow boundary
length (i.e. cell width) b, and the local slope of the ground
surface or angle which is assumed to be parallel to the failure
plan 8. The rest of the parameters include the saturated bulk
density of the soil ps, the water bulk density is pw, the angle
of internal friction ¢, and the soil transmissivity T, which is
given by the product of the soll thickness and water level
above the failure plane.
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Slope Stability Report

SHALSTAB (Shallow Slope Stability) computes grid cell critical shallow groundwater recharge
values (CR in mm/day) as a measure for relative shallow slope stability, utilizing a simple
model that combines a steady-state hydrologic model (a topographic wetness index) to predict
groundwater pressures with an infinite slope stability model.

Reference: Montgomery D. R., Dietrich, W. E. (1994) A physically based model for the

topographic control on shallow landsliding. Water Resources Research, 30, 1155-1171

SHALSTAB Input Parameters

Material Density (g/cm3): 1.6
Hydraulic Conductivity (m/hr): 2.7
Material Friction Angle (degree): 33
Material Thickness (m): 1

Bulk Cohesion (MPa): 0

Model Inputs & Outputs Information

## class

## dimensions :

## resolution :

## extent

## crs

: RasterStack

415 , 509 , 211235 , 4 (nrow, ncol, ncell, nlayers)
30.0001082515009 , 30.0001082515007 (x, y)

: 659695.21 , 674965.27 , 5151023.6 , 5163473.64 (xmin, xmax, ymin,

: +proj=utm +zone=11 +datum=WGS84 +units=m +no_defs +ellps=WGS84 +t
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Conclusions

The presented web-based framework extends the capabilities of
existing spatial models for landslide susceptibility for non-R and non-
GIS users and can also be used in an educational context for
classroom teaching activity.

By lowering technical hurdles of this web-based approach, powerful
functions are made accessible to a wider user community.

The work sheds light on an interactive modeling and
visualization that can facilitate decision-making by local planners
who are often required to alter the level of risk which depends on
different circumstances.

The case study demonstration showed an produced an overall
accuracy of 0.894, kappa of 0.789 and 0.715 (AUC).



Future Work

Integration with other modules such as the Stability

Index Mapping (SINMAP) which is a stochastic and distributed
model (i.e., requires the maximum and minimum input parameter
values)

Providing tools for interactive downloads and preprocessing of
DEM datasets, adding flexibility to spatial services

Landslide Inventory and access to standardized landslide datasets.

Enabling real-time group-based spatial decision support systems
(SDSS) as a collaborative framework for landslide susceptibility.



2214400 2214800 2215200 2215600 2216000 2216400 2216800
P o AT SRR

- o ’ ‘hn O

800 1000 1200 1400 1600 1800 2000 2200 2400 2600




	Spatial modeling of landslide susceptibility: An open-source we
	Indirect Impact form Landslides
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

