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1 Introduction

SlideforNET is a web application designed for field assessment of rainfall-induced shallow landslide
probability in vegetated slopes. Specifically, this tool is designed to quickly quantify the stabilizing
effects of different types of vegetation through the basal and lateral root reinforcement. The web
application allows the user to enter information about the slope characteristics, the soil properties, and
the vegetation cover, and obtain relevant information about the slope stability, the state of the forest
stand, and other useful detailed information. Default values are provided for all properties when certain
information is not readily available to the user in the field. SlideforNET is particularly well suited to
applications such as the evaluation of silvicultural interventions and the assessment of bio-engineering
measures.

The main features of SlideforNET that distinguishes it from other available applications are:

I Implementation of a unique large dataset of root reinforcement for several tree species from field
measurements of root distribution and root pullout tests;

I Consideration of a realistic force balance calculation for limit equilibrium conditions that includes
passive earth pressure forces, lateral root reinforcement in both tension and compression, and basal
root reinforcement, where these forces are active at different timings of the slope failure process;

I Implementation of two models for the quantification of the probability of landslide failure: (i) a
probabilistic (random) model for soil properties and (ii) a deterministic model with characteristic
soil properties and partial safety factors for both soils and root reinforcement.

The random and deterministic models are available to give both foresters and engineers useful information
about the stability of a slope. In the random model, values of soil thickness and soil properties such as
cohesion, friction angle, and soil dry density are randomly generated to take into account the variability
of these properties on a slope. In the deterministic model, used more for engineering applications, design
values of soil properties are calculated based on characteristic values and partial safety factors, and a
partial safety factor is also used for root reinforcement calculations.

The SlideforNET web application outputs a number of useful information about the slope in addition to
the probability of failure:

I Summary of properties for both the random and deterministic cases;

I Root reinforcement as a function of soil thickness;

I Effect of soil thickness on slope failure;

I Stand state diagram for forest management that includes estimates of canopy cover and tree age
when data is available.
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2 Features

SlideforNET is a probabilistic model that computes the probability of occurrence of a shallow landslide
(simply called landslide from thereon) at a specific location on a slope. To obtain this failure probability,
the model generates a large number of hypothetical landslides with variable properties to take into the
account uncertainties in landslide area, and in soil and vegetation characteristics. The probability of
failure of these hypothetical landslides is then the ratio of failed landslides (factor of safety less than 1)
to the total number of hypothetical landslides. Landslide failure is based on the factor of safety being
less than one where the factor of safety is the ratio of resistive forces to driving forces. In the calculation
of the factor of safety, the model includes the effects of hydrology and root reinforcement. Calculation
of factor of safety in SlideforNET is based on a description of

I the slope angle,

I the soil thickness,

I the soil water saturated thickness,

I the soil properties (e.g., cohesion, friction angle),

I the stand characteristics.

Failure probability is calculated by considering an ensemble of landslides on a slope at a given location
(i.e. with a fixed slope gradient). Vegetation characteristics, slope angle, soil thickness, soil properties,
and water-saturated soil thickness are quantities required to compute the limit-equilibrium force balance
to obtain the factor of safety (FOS). The water-saturated soil thickness is used as a single-parameter
hydrological model to describe the available water in the soil column from which water pressure at the
failure surface (soil thickness) can be calculated

The model calculates failure probability for both a vegetated and a non-vegetated slope to show the
effects of vegetation on slope stability. Vegetation is assumed to consist of a number of tree species,
each having a defined tree density (trees per hectare) and diameter at breast height (DBH). Each species
has its own root reinforcement characteristics that has been obtained from detailed measurements of
root distribution and root pullout tests and calibrated to the model of [8]. The user can choose any
combination of tree species among the ten species available:

I Ailanthus altissima (Tree of heaven)

I Betula pendula (Birch)

I Castanea sativa M. (Chestnut)

I Fagus silvatica (Beech)

I Picea abies (Spruce)

I Pinus radiata (Radiata pine)
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I Pinus sylvestris (Scots pine)

I Populus nigra (Black poplar)

I Quercus pubescens (Pubescent oak)

I Trachycarpus Fortunei (Chinese windmill palm)

Calculation of tree age and canopy cover is not available for all species.
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3 General framework

SlideforNET calculates the factor of safety (FOS) of a large number of hypothetical landslides at a given
location on a slope to determine the probability of failure as a function of the landslide area.

Two models, random and deterministic, are used to compute the FOS. The random model assumes
random values of soil properties (e.g., cohesion, friction angle) while the deterministic model uses
characteristic values for soil properties and partial safety factors to obtain design values used in the
calculation of the FOS.

The FOS is calculated from the ratio of resistive to driving forces. Shallow landslide triggering is char-
acterized by differential deformation that indicates localized activation of forces in tension, compression,
and shear in the soil at different moment during the failure process [2]. Maximum root reinforcement
in tension does not occur at the same time as maximum compressive forces at the toe of the landslide.
Based on these observations, we compute the resistive forces for two cases: (1) when root reinforcement
in tension is at a maximum; (2) when compressive forces are at a maximum. The FOS is then calculated
using the maximum of either (1) or (2).

Calculation of root reinforcement is at the heart of SlideforNET. The model uses a unique data set
of root density and pullout tests for several tree species obtained from field measurements. Data are
compiled to obtain the maximum root reinforcement as a function of tree DBH and distance from the
tree trunk [8]. The distance from the tree trunk is directly related to the tree stand density and the
arrangement of trees on the slope, here assumed to be on a triangular array.

The calculation process of SlideforNET is as follows:

1. Generate landslide geometry from random area distribution

2. Generate soil properties, either random or deterministic

3. Calculate water pressure from soil water-saturated thickness

4. Compute water content and other properties to estimate resistive and driving forces

5. Compute FOS without vegetation

6. Calculate root reinforcement

7. Compute FOS with vegetation

8. Compute failure probability

The details of the calculations are described in Section 9.
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4 Installation instructions

SlideforNET is a progressive web application (Progressive Web Apps! or PWA for short, see https:
//web.dev/learn/pwa/) that can be accessed via any web browser on a computer, a tablet, or a
smart phone, by typing this address in the address bar:

https://slidefornet.cosci-llc.com.

At the time of publication of this User Manual, the version of SlideforNET available is version 0.1.
Reloading the web page in your browser may be necessary to obtain the latest version of SlideforNET.

PWA can be used directly in the web browser or installed on your device. Installation instructions may
depend on your device and your operating system, as well as the browser being used. Detailed instruc-
tions for different platforms can be found on https://web.dev/learn/pwa/installation/.
Instructions for Android and iOS and iPadOS are summarized below.

4.1 Android installation

On Android devices, installation prompt for PWA differs by device and browser. On the Google Chrome
browser:

1. Open the page of the SlideforNET PWA

2. Click on the three vertical dots in the upper right of the page

3. Select Install.

4.2 iOS and iPadOS installation

On iOS and iPadOS, installation of the PWA can only be done with the Safari browser. Other browsers
available in the App Store, such as Google Chrome, Firefox, Opera, or Microsoft Edge, cannot install a
PWA on the home screen.

1. Open the Share menu, available at the bottom or top of the browser

2. Click Add to Home Screen

3. Confirm the name of the application; the name is user-editable

4. Click Add. On iOS and iPadOS, bookmarks to websites and PWAs look the same on the home
screen.
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5 Description of the user interface

The user interface (UI) is the way the user interacts with the application by selecting values of parameters
and choices for the tree species in the stand. Figures 1 and 2 show the user interface on a laptop computer
and an Android phone, respectively, using Google Chrome.

At the bottom of the application web page, the button Calculate launches the simulations (see Figure 1).

The UI has 6 tabs that are accessible at the top of the application: one tab for input and 7 tabs for
output. The input tab consists of three parts (or windows):

1. Slope Characteristics

2. Soil Properties

3. Forest Characteristics

The 7 output tabs are:

1. Landslide Probability

2. Tabulated Results

3. Basal Root Reinforcement

4. Landslide Thickness

5. Stand State Diagram

6. Download

7. User Manual

The info button in the upper right corner of the web application displays SlideforNET version num-
ber, copyright information, and license agreement. Questions about the software can be sent to
software@cosci-llc.com.
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Figure 1: User interface on a 15-inch laptop using Google Chrome
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Figure 2: Part of the user interface on an Android phone using Google Chrome
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6 Model inputs

6.1 Slope Characteristics

The first window at the top of the UI is the Slope Characteristics (Figure 3) and is used to enter
values of parameters that describe the slope. Table 1 describes the different parameters available to the
user and their default values.

Figure 3: Slope characteristic window with default values
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Characteristic Description Default value Unit

Mean Gradient of Slope 28 degree

Saturated Soil Thickness Frac-
tion

Fraction of the soil thickness mea-
sured vertically that is water saturated

1 -

Aspect Orientation of slope with respect to
north (0 deg). East is 90 deg, south
is 180 deg, west is 270 deg.

0 degree

Elevation Elevation of the slope 1200 meter

Time needed for trees to reach
1.3 m

This is used to compute the age of the
stand. Identical for all tree species

20 years

Soil Thickness The soil thickness is measured ver-
tically from the soil surface. Mean
and standard deviation are used to ob-
tain random values of soil thickness
for each of the landslides (both Ran-
dom and Deterministic landslides)

Mean Average value of soil thickness 1 meter
Std. Dev. Standard deviation value of soil thick-

ness. Use 0 for a constant value of
soil thickness

0.3 meter

Landslide Area Inverse Gamma
Distribution

Parameters used to describe the area
distribution of landslides in a particu-
lar geographical area using the three-
parameter inverse gamma distribution
described in [6], Equation (3). See
also Equation (12) in this user man-
ual

Shape Factor ρ, Equation(12) 1.66 -
Scale Factor a, Equation(12) 2.0415E-04 km2

S Param S, Equation(12) 2.002259E-08 km2

Max Landslide Area This option prevents sampling land-
slides with too large areas

2000 m2

Table 1: Variables describing the slope characteristics
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6.2 Soil Parameters

In the Soil Parameters window (Figure 4), the user can select a soil type under the drop-down menu
Select Soils. The list of soils available is given in Table 2 below with the default values of cohesion
(mean and standard deviation), friction angle (mean and standard deviation), dry density (mean and
standard deviation), and van Genuchten parameters (the air-entry pressure, α, and the exponent, n).
Once a soil has been selected, the user can modify in the table the values of any of the parameters.
The value of cohesion should be the value of soil cohesion without any root material. In addition, for
Deterministic landslides, the user can enter a partial safety factor for the cohesion and the friction angle
(default value of 1). This option is not available for the dry density (grey cell).

Figure 4: Soil parameter window with default values
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Cohesion (kPa) Friction angle (deg) Dry density (kg m−3) van Genuchten parameters
Name Code Mean Std dev Mean Std dev Mean Std dev α (kPa−1) n

Clay of high plastic-
ity, fat clay

CH 25 5 22 5 1100 200 0.00051 2.6

Clay of low plastic-
ity, lean clay

CL 25 5 22 5 1100 200 0.00051 2.6

Clayey gravel GC 0.5 0.05 34 2 1680 100 0.00051 2.6
Silty gravel GM 0.5 0.05 36 5 1720 100 0.00051 2.6
Silty gravel GM-GL 0.5 0.05 36 5 1720 100 0.00051 2.6
Poorly graded gravel GP 0.5 0.05 38 4 1580 100 0.0001 3.3
Well-graded gravel,
fine to coarse gravel

GW 0.5 0.05 40 2 1800 100 0.0001 3.3

Silt of high plasticity,
elastic silt

MH 5 3 24 3 900 200 0.0001 3.3

Silt ML 0.5 0.25 33 2 1430 100 0.00013 1.46
Organic clay, organic
slit

OH 10 5 22 5 900 200 0.0001 3

Organic silt, organic
clay

OL 10 5 25 2 1130 100 0.0001 3

Clayey sand SC 0.5 0.25 32 1 1500 100 0.0002 2
Silty sand SM 0.5 0.25 34 1 1530 100 0.00017 2.2
Poorly graded sand SP 0.5 0.05 36 1 1470 50 0.00051 1.7
Well graded sand,
fine to coarse sand

SW 0.5 0.05 38 1 1540 50 0.00167 2.35

Table 2: Default values of soil parameters
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