What forest structure and soil properties account for the protection against shallow landslides
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Results

The input variables account for ~93% of the explained variance on the first four MFA dimensions (47, 22, 14, 10%). Thereof, ~69% are allocated
on dimension 1 (Dim1) and (Dim2).

Significant and positive correlations with Dim1 are shown for water content, void ratio, and fines-content, contributing 28, 27, and 20%, respective-
ly. The friction angle (') is negatively correlated and accounts for 24%, totalising geotechnical contributions to ~98%. Further significant correla-
tions with Dim1 were found for altitude (numerical) and the categorical variables type of failure, region, thunderstorm, and

Main contributions to Dim2 resulted from cohesion (41%) and slope-inclination (8%) both S|gn|f|cantly positive as well as altitude (36%) and fines-
content (10%) both negatively correlated. Further significance was identified for numerical void ratio and water content as well as categorical type
of failure (soil stability), region, thunderstorm, , and layering (Fig. 1).

Introduction

A Multi FactorAnalysis (MFA) approach was applied for better understanding the influence of forest struc-
ture on the triggering process of shallow landslides. From the WSL landslide database, 207 shallow land-
slides triggered in forests were analysed, considering geotechnical information (Tabs. 1, 2).

Table 1: In the WSL landslide database (https://hangmuren.wsl.ch) currently 734 shallow landslides allocated to 8 heavy thunderstorm
events are documented by more than 60 parameters, e.g. volume, inclination, soil material, vegetation, ... [1]).
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particularly by friction (F-contr.; n=4), suction (S-contr.; n=133), or a combination of both (n=70).
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Table 2: Numeric and categorical variables of the Multi Factor Analysis with the portion of explained variance for Dimension 1 (Dim1: 46.5%)
and 2 (Dim2: 21.7%), the correlation (numeric) and R? values (categorical), respectively and the corresponding p-values [2]. The
individual portions to the explained variance sum to 100%, representing 46.5% and 21.7%, respecticely (light grey filled).
enumeric variables: dark grey (geographical); black (soil properties)
«categorical variables: coloured according to Fig.1 and filled:

Dim1 (46.5%)

for soil, location, and thunderstorm or for forest structure parameters

Dim1 cor /| R? p-value Dim2 cor /| R? p-value CO“CI UsSIions

| [%var] 46.5 [0,1] [0,1_]03 [%var] 21.7 [01] [0’1_138 The Multi Factor Analysis is a valuable statistical approach to evaluate combined, numerical and categorical variables and confirms the impor-
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cohesion ¢’ [kN-m™] 0.4 40.74 0.78 6.8 relation between root (forest) structure, friction angle (®') as well as soil aggregate stability [4].
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o | forests, including disturbances such as landslides, avalanches, windthrow, fire, calamities by insects and fungi, is likely to improve the results.
ype of failure . : : : - : : ”
Frcton. Sucton, Intermediate) 0.58 43¢ Finally, we should bear in mind that the specific region and thunderstorm event have a strong impact on the boundary conditions.
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