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Single tree –

Stand scale 

 

 SlideforNET 

 

 BankforNET 

 

Slope/stream unit 

scale 

 

 SOSlope/SlideForce 

 

 BankforMAP 

Catchment scale 

 

 

 SlideforMAP 

 

 BankforMAP 

Regional scale 

 

 

 SlideforMAP 

 

 BankforMAP 

1. Tools and practical applications 
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 How much is the 

stabilization effect of a 

forest stand? 

 

 What needs to be done to 

guarantee the sustainable 

long-term protective effect? 

2. SlideforNET: Evaluation of silvicultural measures 
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2. SlideforNET: Evaluation of silvicultural measures 

Schwarz et al., 2015, JGR 

Schwarz et al., 2010, Ecol.Eng. 
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Schwarz et al., 2015, JGR 

2. SlideforNET: Evaluation of silvicultural measures 
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2. SlideforNET: Evaluation of silvicultural measures 

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

https://dev.slidefornet.cosci-llc.com/
https://dev.slidefornet.cosci-llc.com/
https://dev.slidefornet.cosci-llc.com/
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2. SlideforNET: Evaluation of silvicultural measures 
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2. SlideforNET: Evaluation of silvicultural measures 
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2. SlideforNET: Evaluation of silvicultural measures 

Schwarz & May, 2022, BFH report 
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2. SlideforNET: Evaluation of silvicultural measures 

Schwarz, 2023, BFH report 
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2. SlideforNET: Evaluation of silvicultural measures 

Minimal-Ideal Forest 

DBH (cm) 

Canopy cover (%) 

 

Self-thinning 

reference 

 

Lateral root 

reinforcement 

(kN/m) 

S
a
t
n

d
 
d

e
n

s
i
t
y
 
(
T

r
e
e
s
/
h

a
)
 

Age (years) 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 

2. SlideforNET: Evaluation of silvicultural measures 

Minimal-Ideal Forest 
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2. SlideforNET: Evaluation of silvicultural measures 

Minimal-Ideal Forest 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 
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 Regional scale: Which are 

the catchment with the 

highest risks due to large 

wood (LW)? 

 

3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 
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 Regional scale: Which are 

the catchment with the 

highest risks due to large 

wood (LW)? 

 

 

 Catchment scale: Which are 

the sources of LW?  

 

3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

 

 Source of LW due to 

hydraulic bank 

erosion -> 

BankforMAP (right) 

 

 

 Source of LW due to 

shallow landslides 

and geotechnical 

bank erosion -> 

SlideforMAP (left) 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

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

Gasser et al., 2020, Water 

https://bankfornet.cosci-llc.com/
https://bankfornet.cosci-llc.com/
https://bankfornet.cosci-llc.com/
https://bankfornet.cosci-llc.com/
https://bankfornet.cosci-llc.com/
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

Berner Fachhochschule | Hochschule für Agrar-, Forst- und Lebensmittelwissenschaften HAFL

1. Prozesse und Vegetationseinwirkung
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 Where are the sources of 

large wood (and sediments)?  

 

 Which forest stands have an 

indirect protective 

functions? 

 

 How should silvicultural 

interventions be prioritized 

to reduce risks? 

 

3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

Vuaridel et al., 2023, BFH report 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

Matrice de la vulnérabilité des types d'objets en fonction de l'intensité 

Infrastructures 
Dommages [CHF] 

Faible Moyenne Forte 

Pont sans infrastructures 50'000 62'500 425'000 

Pont avec quelques infrastructures / Pont ferroviaire 300'000 500'000 2'750'000 

Pont avec village 1'250'000 3'500'000 7'500'000 

Pont avec ville 15'500'000 32'500'000 55'000'000 

 
 
 
 
 
 
 

Vulnerability Matrix 

Bögli, 2022, BSc Thesis 
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3. SlideforMAP+BankforMAP: Management of forests along 

channels for the mitigation of risks due to large wood debris 

Risque	(CHF/an)

	

0	-	0.02

0.022-	0.04

0.04	-	0.07

0.07	-	0.09

0.09	-	0.11

 

 At catchment scale, we combined the use of 

SlideforMAP and BankforMAP to define the 

source areas of LW within the catchment and the 

risk associated to each source area. 

 

 

 Based on the values of risk associated to each 

source area it is possible to prioritize the 

silvicultural interventions, considering both the 

risk and the protective effects of vegetation 
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Thanks for your 

attention! 
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Berücksichtigung der Schutzwaldwirkung in rutschgefa ̈hrdeten Ha ̈ngen: Fallstudie Bressonnaz VD/FR – 

Schlussbericht. Bericht SBB. 

 

 Schwarz M. (2023). Perizia frane superficiali e rinforzo radicale dopo disturbi (incendi e tagli). Rapporto interno 

del canton Grigioni.  

 

 van Zadelhoff F. B., A. Albaba, D. Cohen, C. Phillips, B. Schaefli, L. Dorren, M. Schwarz (2021). Introducing 

SlideforMap: a probabilistic finite slope approach for modelling shallow landslide probability in forested 

situations. Natural Hazards and Earth System Sciences Discussions, 1-33. 

 

 Vergani C., M. Schwarz, M. Soldati, A. Corda, F. Giadrossich, E. Chiaradia, C. Bassanelli, P. Morando (2016). 

Root reinforcement temporal dynamics in spruce protection forests after ecological disturbances:  a case study 

in Canton Schwyz, Switzerland. Catena, 143: 275-288. 

 

 Vergani C., M. Werlen, M. Conedera, D. Cohen, M. Schwarz (2017). Investigation of root reinforcement decay 

after a forest fire in a Scots pine (Pinus sylvestris) protection forest. For. Ecol. and Manag., 400: 339-352. 

 

 

 

 

References 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences Berner Fachhochschule | Hochschule für 

Agrar-, Forst- und 

Lebensmittelwissenschaften HAFL 

3

8 Experiment of the IGT Group of the ETHZ, Prof. S.Springman; TRAMM Project 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 

1. Mechanisms of root reinforcement in 

shallow landslides. 

  

Schwarz et al., 2015, JGR 
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1. Mechanisms of root reinforcement in 

shallow landslides. 

Schwarz et al., 2015, JGR 
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2. Upscaling of root reinforcement. 

  
Schwarz et al., 2010, ESPL 

RBMw 

Root 

distributions 

Field Pullout 

tests 

Spatio-temporal 

distribution of RR 
 Tools 
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2. Upscaling of root reinforcement: 

Field pullout tests 

  

Giadrossich et al., 2017, ESR 

Dazio et al., 2018, For. Ecol. & Man. 

Gehring et al., 2019, Scin. Reports 
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2. Upscaling of root reinforcement: 

Field pullout tests 

  

Giadrossich et al., 2017, ESR 

Some advantages of field pullout experiments: 

1. Test large diameters 

2. Consider soil conditions (moisture, stones, ..) 

3. Test Species 

4. Tortuosity of roots (A) 

5. Type of breakages (single vs multiple) (B) 

6. Position of breakage in the soil 

7. Orientation 

 

A 

B 
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2. Upscaling of root reinforcement: 

Root Bundle Model (RBM) 

 

Schwarz et al., 2011, JGR 

Schwarz et al., 2010, JGR 

A 1 mm roots – 

slipping 

B 2 mm roots – 

slipping 

C 3 mm roots - 

breaking 
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2. Upscaling of root reinforcement: 

Root Bundle Model (RBM) 

 

Root Bundle Model  

(Schwarz et al., 2010, JGR) 

Wu 

Strain 

Loading 
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2. Upscaling of root reinforcement: 

Root Bundle Model Weibull (RBMw) 

 

Schwarz et al., 2013, HESSD 

 Weibull exponent, 𝟂: 

100 

 

10 

 

2 
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2. Upscaling of root reinforcement: 

Root reinforcement under compression 

Schwarz et al., 2015, JGR 

Detail of compressed rooted soil 

Box used for the lab. experiments 
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2. Upscaling of root reinforcement: 

Root Bundle Model Weibull (RBMw - simplified) 

 

Dazio et al., 2018 

Gehring et al., 2019 
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2. Upscaling of root reinforcement: 

Root distributions 

 

Root diameter classes [mm] 
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Distance from stem: 
     1.5 m 
     2.5 m 
     3.5 m 

Schwarz et al., 2010, ESPL 
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2. Upscaling of root reinforcement: 

Spatio-temporal distribution of RR 

Schwarz et al., 2012, Geosciences 
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2. Upscaling of root reinforcement: 

Spatio-temporal distribution of RR 

Flepp et al., 2021, Forests 

2013 

2015 

Vergani et al., 2016, For.Ecol. & Man. 

Vergani et al., 2017, Catena 

Gehring et al., 2019, Scien. Reports 
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 SlideforNET: WebApp, 3D force-balance 

probabilistic model with partial factors. Used 

for quick assessment of a forest Stand. 

(https://www.ecorisq.org/slidefor-net-en) 

 

 SlideforMAP: Desktop free software, 3D 

force-balance probabilistic model. Used for 

catchment/regional modelling. 

 

 SOSlope: Spring-Block Model that considers 

the spatial heterogeneity of force-

displacement root reinforcement. Used for 

few hectars. 

5
6 

3. Tools and practical applications: overview 

Schwarz et al., 2010, 

Ecol.Eng. 

Van Zadelho↵ F.B. / Ecological Engineering xx (2023) 1–24 17

Fig. 10: SfM Landslide probability results in Waikoukou

Fig. 11: SfM Landslide probability results in Te Whanga

The computed distribution of susceptibility clearly shows that in both study areas SfM is generally

capable of reproducing the shallow landslides from the inventory. This pattern appears to be dominated by

slope angle. The similarity in validation AUC values, despite a significantly lower UF indicates that the

pattern in landslide probability is important and the absolute probability values are arbitrary. Performance

can bebetter visualized by making acumulativegraph of the probability values for both study areas and the

inventoried landslide scars. This is displayed in Figure 12.

Schwarz et al., 2014 

Schwarz et al., 2015, 

Wildbach & Lawinenver. 

Van Zadelhoff et al., 

2022, NHESS 

Cohen and Schwarz, 

2017, Earth Surf. Dyn. 

Gasser et al., 2022, Earth 

Sc. Reviews 

https://www.ecorisq.org/slidefor-net-en
https://www.ecorisq.org/slidefor-net-en
https://www.ecorisq.org/slidefor-net-en
https://www.ecorisq.org/slidefor-net-en
https://www.ecorisq.org/slidefor-net-en
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 Hazard mapping (commune -> SOSlope, region -> SlideforMAP). 

 

 Quantification of the ecosystem-services of protective forests. (SOSlope). (Schwarz et al., 2019, 

BAFU-report) 

 

 Development of guidelines for the management of protective forests and planning of bio-

engineering measures (SlideforNET). 

 

 Prioritization of silvicultural measures and bio-engineering measures (catchment-regional 

scale) (SOSlope, SlideforMAP). (Schwarz et al., 2022, SBB-report) 

 

 Management of forests along infrastructures (railways, roads, electric-lines, ..) (all tools, 

depending on the scale). (Schwarz et al., 2023, report for the canton of Grisons). 

 

 Management of hazards after forest disturbances (wildfire, diseases,..) (SlideforNETdyn) 

 

Examples of applications 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 

 Hazard mapping (commune -> SOSlope, region -> SlideforMAP). 

 

 Quantification of the ecosystem-services of protective forests. (SOSlope). (Schwarz et al., 2019, 

BAFU-report) 

 

 Development of guidelines for the management of protective forests and planning of bio-

engineering measures (SlideforNET). 

 

 Prioritization of silvicultural measures and bio-engineering measures (catchment-regional 

scale) (SOSlope, SlideforMAP). (Schwarz et al., 2022, SBB-report) 

 

 Management of forests along infrastructures (railways, roads, electric-lines, ..) (all tools, 

depending on the scale). (Schwarz et al., 2023, report for the canton of Grisons). 

 

 Management of hazards after forest disturbances (wildfire, diseases,..) (SlideforNETdyn) 

 

Examples of applications 
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3. Tools and practical applications: 

SOSlope – Quantification of ecosystem services of protective forests 

Activated lateral Root 

Reinforcement  

[N/m] 
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Langnauerwald Without 
measures 

With biological mesures 
(fortest scenarios) 

Without forest Beech forest - 
minimal (NaiS) 

Actual 
conditions 

Risk 73‘911 CHF/y 73‘911 CHF/y 25‘869 CHF/y 

Risik reduction - 0 CHF/y 48‘042 CHF/y 

Cost/Benefit  - 0 20.3 

3. Tools and practical applications: 

SOSlope – Quantification of ecosystem services of protective forests 

Szenario 100 y, without 

forest 
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Innesco delle frane superficiali: 

Effetto della pressione dell’acqua nei pori 

(Lehmann et al., 2013) 

2008, 

Pioggia cumulata 1800 mm, 

Intensità max. 40 mm/hr 

2009, 

Pioggia cumulata 150 mm, 

Intensità max. 70 mm/hr 
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- Spring-Block Model 

- Lateral interactions between blocks include 

tensile and compressive forces 

- Shear forces in bonds between blocks and 

slip surface 

- Bond forces include root reinforcement 

- Strain step loading to solve force 

distribution in bonds including force-

displacement relationship  

- Soil mechanical properties depends on 

hydrological conditions 

SOSlope 
Cohen & Schwarz, 2017, 

Earth Surf. Dynam 
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50 m 

30 m 

Position of trees 

Bond force 

[N] 

Example of SOSlope model results 

Cohen & Schwarz, 2017, 

Earth Surf. Dynam 
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Example SOSlope: Protect-Bio 

64 

Cohen & Schwarz, 2017, 

Earth Surf. Dynam 
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Example of SOSlope model results 



 

66 



Example of SOSlope model results 



Without forest 

With forest 

Cohen & Schwarz, 2017, 

Earth Surf. Dynam 
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71 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 

Example SlideforMAP: Large Wood recruitment 
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Example SlideforMAP: Large Wood recruitment 

Calcul du potentiel de bois flottant et priorisation du rôle
protecteur de la forêt : cas d’étude « la Serine »
Projet pilote

 

Auteur.e.s : M. Vuaridel, N. Hollard, P. Perona, M. Schwarz

Version : 5 octobre 2022

Vuaridel et al., 2022 

Sources of LW 

Protective 

forests 
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Beech (Fagus sylvatica) Spruce (Picea abies) 

76 

Distribution of root reinforcement:  
vertical distribution of root reinforcement 
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Distribution of root reinforcement:  
Comparison between species 

DBH [m] 

L
a

te
ra

l 
ro

o
t 
re

in
fo

rc
e
m

e
n
t 
[k

N
/m

] 
1.5 m Distance 2.5 m Distance 3.5 m Distance 

 

 

 

 

Spruce 

Beech 

Chestnut 

Tree of 

heaven 
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Root reinforcement:  

Minimal rapresentative sample 

- 4-5 Trees are 

needed to 

quantify the 

characteristic 

value of root 

reinforcement 

- Characteristic

value can be 

estimeted = 

Mean*0.15  

Giadrossich et al., 2020, New Zealand Journal of Forestry Science 
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Abbildung 7: Schematische Darstellung eines möglichen Priorisierungssystems unter Einbezug der kantonalen sowie der betrieblichen bzw. Revierebene. 

1. Priorisation et décision 
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1. Priorisation et décision 
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Définir les scénarios 

hydrologiques (écoulement, 

sédiments) 

Le transport 
du BF* est-il 

possible? 

Aucune 

mesure dans 

Z1 

Définir la géométrie du cours 

d’eau 

Le BF* peut il être 
apporté par l’érosion 

des berges? 

Non 

Oui 

Aucune mesure 

dans Z1 

Non 

La végétation protège-t-
elle contre l’érosion des 

berges ? 

Oui 

Mesure sylvicole dans  

Z1 

Oui 

Entretien vers une 

végétation ripariale 

dans Z1 

Non 

2. schéma décisionnel : érosion des berges  

*BF = Bois 

Flottant 
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Largeur de la rivière [m] 

P
e

n
te
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e

 la
 r

iv
iè

re
 

[m
/m

] 
Gasser et al., 

2020, Water 

 
Haute 

Variable 

 
Faible 

Influence de la végétation 

2. schéma décisionnel : érosion des berges  
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La pente des 
berges est-elle 

> 25°? 

Aucune 

mesure dans 

Z2 

Y-a-t’il une couche de glissement de 
berges potentielle sous la zone 

racinaire ? 

Non 

Oui 

Non 

Oui 

Mesure sylvicole dans  

Z2 

Entretien vers une 

végétation ripariale 

dans Z2 

Est-ce que le 
BF* de Z2 peut 
être transporté 

? 

Aucune 

mesure dans 

Z2 

Non 

Oui 

*BF = Bois 

Flottant 

3. schéma décisionnel : glissements 

de berges 
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Inclinaison de la pente > 25°  

& Distance d’écoulement  
< 200 m? 

Aucune 

mesure 

dans  Z3 dû 

aux 

glissements 

superficiels 

Non 

Oui 

Mesures sylvicole dans 

Z3 La forêt a-t-elle un 
rôle stabilisateur 

? 

Oui 

Non Retirer les gros arbres 

dans Z3 

Est-ce que le 
BF* de Z3 peut 
être transporté 

? 

Aucune 

mesure dans 

Z3 

Non 

Oui 

*BF = Bois 

Flottant 

4. schéma décisionnel : glissements 

superficiels de terrain 
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• Vt = volume de bois transporté lors 
de l’événement étudié 

• Vc = volume de bois critique : 
volume maximum qui peut passer 
sous le pont sans créer d’embâcle 

• B = largeur intérieure du pont 
étudié 

• LLm = longueur moyenne des troncs 
dans le bassin versant 

• fe = revanche effective 
• dLm = diamètre moyen des troncs 

dans le bassin versant 

Éstimation de la probabilité d’embâcle

B < (LLm /2)

fe < (dLm*3)

Pe = 0non

oui

non

1

2

3

étape

Pe = 1

Pe = 1

oui

non

oui

Pe = 0

Vt > Vc

� h

fe

h0

Probabilité d’embâcle 
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e ́tape 1  

 Vc = 6 ∗ 1.52 ∗ 4.65 = 62.78 m3 

 Vt = 291 m3 

  Vc < Vt   «oui» 

 

e ́tape 2  

 B = 6m;  

 LLm/2 = 1m  

 B < LLm/2  «non» 

 

e ́tape 3  

 ∆h = 0.076 ∗ 52 =1.9 

 fe = 2.4 − 1.5 − 1.9 = −1  

 dLm = 0.3m 

 dLm ∗ 3 = 0.9 

 fe < dLm ∗ 3  «oui»  embâcle 

(Pe = 1) 

 

Probabilité d’embâcle dans la Serine pour un événement 

centenaire 

Éstimation de la probabilité d’embâcle

B < (LLm /2)

fe < (dLm*3)

Pe = 0non

oui

non

1

2

3

étape

Pe = 1

Pe = 1

oui

non

oui

Pe = 0

Vt > Vc
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Matrice de la vulnérabilité des types d'objets en fonction de l'intensité 

Infrastructures 
Dommages [CHF] 

Faible Moyenne Forte 

Pont sans infrastructures 50'000 62'500 425'000 

Pont avec quelques infrastructures / Pont ferroviaire 300'000 500'000 2'750'000 

Pont avec village 1'250'000 3'500'000 7'500'000 

Pont avec ville 15'500'000 32'500'000 55'000'000 

 
 
 
 
 
 
 

 
 

Période de retour (ans) Volume transporté Vt (m3) Volume critique Vc (m3) Ratio Vc/Ve Classe d'intensité Dommages (CHF) Risque R (CHF/an)  

30 236 63 0.267 moyenne 62'500 2'084 

100 291 63 0.216 moyenne 62'500 625 

300 322 63 0.196 forte 425'000 1'417 

1000 429 63 0.147 forte 425'000 425 

 
Risque total (CHF/an) 

 
4'551 

• Vt = volume de bois transporté lors de 
l’événement étudié 

• Vc = volume de bois critique : volume 
maximum qui peut passer sous le pont sans 
créer d’embâcle 

Calcul des dommages et du risque 
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• Le risque propre à chaque cellule dépend du rapport entre le 
volume de bois recruté à cet endroit et le volume de bois total 

• On additionne ces valeurs de bois obtenues pour les différents 
temps de retour pour obtenir le risque total (CHF/an) 

• Le risque lié à chaque cellule diminue avec sa distance au pont 
• Pour les glissements et l’érosion des berges ensemble, ou 

séparément 

Une valeur de risque  

pour chaque cellule du bassin 

versant 

Risque total R (CHF/an) 

Volume total de bois Ve (somme des valeurs des différents temps de retour) (m3) 
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Risque	(CHF/an)

	

0	-	0.02

0.022-	0.04

0.04	-	0.07

0.07	-	0.09

0.09	-	0.11


