Debris Flow
Dynamics with
RAMMS::Debrisflow

RAMMS AG

September, 2026

Perry Bartelt & Marc Christen




Title picture: © WSL



Table of Content

T INTFOAUCTION ettt e e e e e e e e e e e e e e e e e e naneee 1
1.1 MOTIVATION ettt e e e e e e e e e e 2
1.2 RAMMS Lttt ettt e st e et e st e e st e e aaes 2
1.3 Learning DY dOING ccceiiieeeeee ettt e e e e e 3

A 1[5 €1 F- Y (o] =T o IS T =) (U] o 5
2.1 SYStemM reqQUIFEMENTS ....iviiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeereeeeeeererereeeeeeeeereeraaeererrrreee S}

211 GPU aCCLIeration .ccciiieeeeiieieeeee ettt e S}
2.2 Installation and LICENSING.....ucttitiiiiiiiiiiieeeeee ettt e e e eeeeeee e e 6
2.2.1  Multilingual INStallation .........cccoiiiiiiiiiiiieeeee e 6
2.2.2 New Update ProCEAUIE .......uuuu s 6
2.2.3 Administrative Privileges Requirement......cccccoeeeviiiiiieeieiiiinieiiineeeenn, 7
Y S W (o1 =Y o =] 1 [ PRSP 7
2.3 First-Time Startup and License Registration..........cccccccevviriiiniiieeeeeeeennnns 7
2.3.1  LiCeNSE TranSTer e ittt 9
2.3.2  Module availability ... 9
2.3.3 Registering and updating Avalanche and Debrisflow licenses.......... 9

3 The RAMMS::DebriSTIOW GUI....cooiiiiiiiiiiiiiieiiteeeiee ettt 1
3.1 Starting the Graphical Interface .......cccovviiieeeiiieeeeee e, 1
3.2 ProjeCt CrealtioN ..ottt e e e e ee e 12

3.2.1  Understanding the New Project WindOWw ........ccccceeeeiieviiiiiccicciccnnnn. 13
3.2.2 DEMFiles *.tif @and *.aSC .ccuuueeiiiiiiiiiiiieiieeeetee et 16

4 SETUP AN TREOIMY .. ee et e e e s e e e e e aaaaaseeeseeaeaannes 17

O B S €= o 1= 2= L 4] 0] o =PRI 17
4.1.1 Topographic data - Digital Elevation Model (DEM).........ccccc.uu..... 17
4.1.2  Project and SCENAIOS . ..cccccuueiiiiieeeeeeeeeciiirteee e e e e eeesrrrreeee e e e e s s snansaes 19

4.2  RelaSe INTOIMIATION ccee et e e e et e e eteesereeseneesenaaas 19



4.3  Friction INTOrMatiON . oee et e e e e eee e e e e e e eae e e e eaaeeans 20

4.3.1  Physical friction MOdel......ccccuviiiiiiiiiiiieeeeee e 20
NG T 1= [0 IS =1 SRR 21
A.3.3  CUNVATUIE e e e e 22
4.3.4 Calibration of the friction parameters pg and €.......cccccevivieennnnnnen. 22
4.4 Erosion information ... 23
4.41 Interpreting the Default Erosion Thresholds.........cccccvvvveeeiieeecnnnneee. 24
4.4.2 Sensitivity of Results to the Erosion Rate ........ccceccviviiiieiiieeeccnnne, 24
4.4.3 Site Transferability of the Default Coefficients ........cccoeeeeeeeeeeennnnnn. 24
4.4.4 Spatially and Temporally Varying Erosion Parameters..................... 25
4.5 Flexible barriers (nets) iNformation ........ovvveeeiiieiviiiiiiiieeeeeeeeeeeee e 25
4.6 Calculation ParameEtersS ... oo eeeeeerreee e e e e e e e e e e e eaeaaaas 26
A.7  PrefErENCES .ttt e e st e e e s 26
4.8 Working With the RAMMS GUI ...cccoiiiiiiiiiiiiieeeeeeeeieeeeee e 28
4.8.1 Openinput- and output-fil€S......cccoveriiiiiiiiiiiieeeeee e, 28
4.8.2 Visualizing shapefiles and domain-fileS......ccccceeveviiiiiiiiiiiiiniicnnnee, 29
4.8.3 Hillshade visualization.......ccc.uuviiieiiiiiniiiieeeeeeeeeeeee e 31
4.8.4 Changing maps and orthophotos (aerial images) ......cccccceeeeenennene. 32
4.8.5 Moving, resizing, rotating, VIEWING ....ccc.uvvieeiiiiiiiiciiiieeeeeeeeeeeeeee 34
A.8.6  COlOrDar.cccii it e 36
4.8.7 How to save input files and program settingsS.......ccccccevvereunnnnenn. 37
4.8.8 ADOUL RAMMS ...ttt e e et e e e e 39
4.9 Preparing @ SIMUIAtioN ...c.ooouiiiiiiiiii e 40
4.9.1T  REICASE AIBa .. e 40
4.9.2  INPUt NYArOgrapN ... e 45
A.9.3  EFOSION ciiiiiiiieeiiitteee ettt e e e e e ettt e e e e e s e e e s bt e ae e e e e e e e e nnnnanes 49
4.9.4 Flexible Darriers (NEITS) ..ottt ettt e e et e eeeaas 52
4.9.5 Calculation DOMAIN ..cciiieeeeciiiiiieeeee et e e e e e e e e e 56
410  RUNNING @ SIMUIATION L.uuiiiiiiii s 59
4.10.1 Run Batch SimulationsS ........uviiiiiiiiiiieeiireeeee e 67

D R B SUIES . ettt ettt ettt ettt ettt ettt ea st aaaaaas 69



5.1 Log Files and Project information...........cccoeeviieiinniiieiinniee e 70

STT  OUIPUL LOG FIl@ e 70
5. 1.2 INPULLOG Fil@ et 72
5.1.3  Project Region INformation.........cocoeeviiiiiiiiiiieeccieeeee e, 72
5.2 Visualization and analysis of the resultS.....ccccceeeeeiiiiiieiiiieeeccciieeeeee, 73
5.2.1 Maximum Results and Dump-Step Results ........cccceeeeeeeiiccccicccnnnnnee. 73
5.2.2 Visualize different parameters.......coccciiiiieiiiiiieeccceeeee e 74
5.2.3 Line profile plot and time Plot ......coeeeciiiiiiieeie e 76
5.2.4  DepoSitioN @NalYSIS ...uuuuuuuuuuueniiiiiiiii e 80
5.2.5 Google Earth EXPOrt ... e ittt 82
5.2.6 Exporting video, GIF animation or image fileS........ccccccevvvrrrrnrreennnn. 86
G B (011 o = 1o Gl o €T TS U] =P 87
5.3.1 Visualization of IMpPact PreSSUreS........ccccuueeeeeueeeeeeeeereieeeeeeeeeennnnnnnnnns 87
5.3.2 Impactload per unit Width........ooooviiiiieiiiieeccee e 90
5.4 STOPPING CIITEIIA ceviiieeiiiiiiieeee ettt et e e s s s e s erereeeeeeeesnanes 91
5.4.1 Momentum-based stoppiNg Crteria .....cccceeeeeeveveeiiiiiicccceee 91
5.4.2 Center-of-mass stopping Criteria .....ccccovveveeeeiiieeiiciiiieeee e 95
5.5 Barrier retention reSUILS .....coiviiiiiieiiieeee et 97
5.6 Modifying the DEM for subsequent simulations.........cccccccevvereiiiiieeennnnn. 97
5.6.1 Adding structures t0 the DEM..........uuuuiiiiiiiiiiiiiieaeees 97
5.6.2 Adding deposited debrisflow material to the DEM......................... 103
5.6.3 Sequential multi-surge simulations using batch mode. .................. 104
I Y o] o] [ Tox=1 o] o 1= PR URRPPRRR 108
6.1 CaliDration ..eeeeeeeiieeeee e e s 108
6.2 Input hydrograph in comparison with block release......ccccceeeeuvvvveeeenn... 112

6.2.1 Comparison between a block release and an input hydrograph.... 112

B.2.2  DISCUSSION.ccciieeeiiiiiiiieeeee ettt e e e e e e e eerreeeeeeeeseesssssnasseeeaeeeeesnsnes 113
B.2.3  SUMMAIY cetiiiieietieeeitiiiiieee e e e eeeetttaisaseeeeeeeaeesaanaasaseseeassessssnnnnsssssaeasenes 113
TG B = fo TSy o] a =0 €= 1 0] o] 1= TSP 114

B.4  SIUSN FIOWS ettt et et e e st et e asee e sansanaes 17



6.4.1 Definition and Hazard CharaCteriStiCS....euuueemeeeeeeeeeeeeeeeeeeeeeeeeennn. 17

6.4.2 Release Zone Identification ........cccovieiiiiiiiniiiiiniceeeec e 117
6.4.3 RAMMS Modelling APProacCh...cccccceeeeeeeeeeeeeeeeeececeeeeeeeee e 119
6.4.4 Recommended Voellmy Parameters by Return Period ................... 119
0.4.5 Release Area SETUP .. iieee ittt e e e e e eeaes 120
6.4.6 Erosion Module SettingS.....ccccuueeeeieiiiiiiiiiieeieeeee e e 121
6.4.7 Digital Elevation Model and Grid Resolution ...............coeeeeeeiel. 122
6.4.8 Recommended Simulation Workflow .........cccoccveeiiniiiiiininniiieeennnnne 123
6.4.9 Case StUAY SUMMAIY ...ceeeiiiiieeiiiiiceee e eeeeeeevireee e e e e e e e e eavaeeeeeeeaaaees 124
6.4.10 Limitations and Uncertainties.........ccccoeiuiiiiiniiiieiiiniiieeeeeecee e 124
7 REFEIENCES ..ottt e et e e st e e e e 126
ST Y o] o T=1 o Uo | PPNt 130

8.1  Third-Party SOftWare.........uuviiiiiiiiiiiiiiiiiieiteeeeteeeeeeeeeeeee e 130



CHAPTER 1: INTRODUCTION

1 Introduction

In the field of natural hazards there is an increasing need for process models to help
understand the motion of geophysical movements. These models allow engineers to
predict the speed and mass of hazardous movements in complex terrain. Such models
are especially helpful when processing mitigation measures, such as avalanche dams or
snow sheds. Hazard mapping is an especially important application in Switzerland and
other mountainous countries. An accurate prediction of runout distances, flow velocities
and impact pressures in general three-dimensional terrain is the driving motivation for
the development of dynamical mass movement models. Although helpful and well-liked
by users, one-dimensional models such as AVAL-1D require that the primary flow direc-
tion and flow width must be defined by the user in advance. This is often difficult, espe-
cially in open terrain, or in terrain consisting of several possible flow channels. Further-
more, flow interaction with catching and deflecting dams cannot be accurately modeled
using one-dimensional simulation codes.

RAMMS (Rapid Mass Movement Simulation) is a two-dimensional, state-of-the-art nu-
merical simulation model to calculate the motion of geophysical mass movements (snow
avalanches, rockslide, debris flows and shallow landslides) from initiation to runout in
three-dimensional terrain. It was designed to be used in practice by hazard engineers
who need solutions to real, everyday problems. It is coupled with a user-friendly visual-
ization tool that allows them to easily access, display and analyze simulation results.
New constitutive models have been developed and implemented in RAMMS, thanks to
calibration and verification at full scale tests at sites such as Vallée de la Sionne. These
models allow the application of RAMMS to solve both large, extreme avalanche events
as well as smaller mass movements such as hillslope debris flow and shallow landslides.

RAMMS was developed since 2010 by the RAMMS team at the WSL Institute for Snow
and Avalanche Research SLF. However, since July 1st 2024, development, support and
licenses are managed exclusively at RAMMG AG. This manual describes the features of
the RAMMS program - allowing beginners to get started quickly as well as serving as a
reference to expert users.

The RAMMS website https://www.ramms.ch provides useful information about all
RAMMS modules, licenses, frequently asked questions (FAQ), recent software updates
or publication lists
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1.1 Motivation

Mitigation of natural hazards relies increasingly on numerical process models to predict
the area inundated by rapid geophysical mass movements. These movements include

e snow avalanches,

e torrent based debris flows and hillslope debris flows,
e mudslides,

e rock-ice avalanches and glacier lake outbreaks

e rockfalls and rock avalanches.

Process models are used by engineers to predict the speed and reach of these hazard-
ous movements in complex terrain. The preparation of hazard maps is a primary appli-
cation. The models are especially helpful when proposing technical mitigation measures,
such as dams and embankments or rockfall protection barriers. The models allow hazard
engineers to optimize limited financial resources by studying the influence of different
hazard scenarios on defense options.

Debris flows pose a major risk to settlements, transport infrastructure and torrent-cross-
ing structures in mountainous and hilly terrain. Physically based 3D simulation tools like
RAMMS::Debrisflow allow engineers to quantify runout extent, impact pressure and
channel-bed erosion for events where historical records alone are insufficient.

1.2 RAMMS

The RAMMS (RApid Mass Movement Simulation) software system contains four process
modules:

¢ RAMMS:AVALANCHE

e RAMMS:EXTENDED

e RAMMS::DEBRISFLOW

¢ RAMMS::ROCKFALL

¢ RAMMS::ROCKICE (Beta)

The RAMMS::Avalanche and RAMMS::Debrisflow modules are designed for flow phe-
nomena containing fast moving particulate debris of snow and rocks. In the avalanche
module, the interstitial fluid is air, whereas in the debris flow module the interstitial
fluid is mud. The RAMMS::Avalanche and RAMMS::Debrisflow models are used to cal-
culate the motion of the movement from initiation to runout in three-dimensional ter-
rain. The models use depth-averaged equations and predict the slope-parallel veloci-
ties and flow heights. This information is sufficient for most engineering applications.
Information in the slope-perpendicular direction (e.g. mass and velocity distribution) is
lost; however, this is seldom of practical interest. Both models require an accurate dig-
ital representation of the terrain. Engineers specify initial conditions (location and size
of the release mass) and friction parameters, depending on terrain (e.g. roughness,
vegetation) and material (e.g. snow, ice or mud content of the debris flow).


https://ramms.ch/ramms-avalanche/
https://ramms.ch/rammsextended/
https://ramms.ch/ramms-debrisflow/
https://ramms.ch/ramms-debrisflow/
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https://ramms.ch/rammsrockice/
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The RAMMS::Rockfall module is used to study the rigid body motion of falling rocks.
The model predicts rock trajectories in general three-dimensional terrain. Rock trajec-
tories are governed by the interaction between the rock and ground. The model con-
tains six primary state variables: three translational speeds and three rotational veloci-
ties of the falling rock. From these, kinetic energy, runout distance and jump heights
can be derived. Generalized rock shapes are modeled. Rock orientation and rotational
speed are included in the rock/ground interaction. The RAMMS::Rockfall module is
therefore fundamentally different from the RAMMS::Avalanche and RAMMS::Debrisflow
modules because it is based on hard-contact, rigid-body Lagrangian mechanics, not
Eulerian flow mechanics. It also differs from existing rockfall modules because the
rock/ground interaction is not governed entirely by simple rebound mechanics, but
frictional (dissipative) rock/ground interactions. These govern the onset of rock jump-
ing. The RAMMS::Rockfall module predicts all rigid-body motions - rock sliding, rolling,
jumping and skipping.

RAMMS::Debrisflow is implements a Voellmy-fluid friction model with depth-averaged
mass and momentum conservation, combined with a physically based erosion module
for channel-bed entrainment (Frank et al. 2015), enabling simulation of channelized
and hillslope debris flows — including volume growth along the flow path — on com-
plex 3D terrain at engineering time scales.

RAMMS::Rockice is an advanced engineering tool designed for use by hazard profes-
sionals to analyze both pre-event and post-event hazard scenarios. It is particularly
well-suited for assessing situations where avalanche deposits may be re-mobilized
into secondary debris flows. A key strength of RAMMS::Rocklce lies in its ability to
predict the water and ice content within avalanche deposits, enabling a detailed un-
derstanding of potential remobilization processes. This is made possible by the
model’s capability to calculate the timing and extent of ice melt within the flowing
mass, offering critical insights into the evolving dynamics of complex alpine hazards.

In all RAMMS modules, new constitutive models have been developed and imple-
mented, thanks to calibration and verification at full scale test sites such as St. Lé-
onard/Walenstadt (rockfall, mitigation measures), Vallée de la Sionne (snow ava-
lanches) and lligraben (debris flow).

1.3 Learning by doing

This manual provides an overview of RAMMS::Debrisflow. Exercises exemplify different
steps in setting up and running a RAMMS simulation especially in Chapter 3 ‘Setting up
a simulation’. However, to get the most from the manual, we suggest reading it through
while simultaneously having the RAMMS program open, learning by doing.
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DISCLAIMER

The RAMMS software models are provided "as is" without any warranties, express or
implied. RAMMS AG makes no representations or warranties of any kind, including but
not limited to the accuracy, reliability, completeness, or suitability of the models for
any particular purpose

Users of the RAMMS software models assume all risk associated with the use of these
models. RAMMS AG shall not be held liable for any loss, injury, or damage resulting
from the use or reliance on these models, including but not limited to personal injury,
property damage, or financial loss.

The RAMMS software models are intended to supplement, not replace, the judgment
and expertise of professionals in the fields of geology, engineering, and hazard man-
agement. Users should not rely solely on the models for making decisions related to
hazard mitigation, land use planning, or emergency response.

In no event shall RAMMS AG be liable for any indirect, incidental, special, consequen-
tial, or punitive damages arising out of or in connection with the use or performance
of the RAMMS software models, even if advised of the possibility of such damages.

Users are responsible for ensuring that their use of the RAMMS software models com-
plies with all applicable laws, regulations, and standards. RAMMS AG does not guar-
antee that the models meet any regulatory requirements or industry standards.

RAMMS AG may, at its sole discretion, update, modify, or discontinue the RAMMS
software models at any time without notice. Users are responsible for ensuring that
they are using the most current version of the models.

By using the RAMMS software models, you acknowledge that you have read, under-
stood, and agree to be bound by the terms of this disclaimer.

Swiss law applies. Court of jurisdiction is Davos. If you encounter problems, please
contact info@ramms.ch.
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2 Installation and Setup

Before installation, please make sure that you have administrative privileges for the com-
puter where you intend to install RAMMS.

2.1 System requirements

We recommend the following minimum system requirements for running
RAMMS::DEBRISFLOW:

e Operating Systems: Windows 10/11 (64-bit)

¢ RAM (memory): 8 GB (more recommended)

¢ CPU: > 1GHz, 8 cores or more recommended

e Disk space: ca. 220 MB needed for the software

e Graphic Card: GPU and OpenGL support recommended (see below)

2.1.1 GPU acceleration

RAMMS can offload the main calculation to a compatible NVIDIA graphics
card, which substantially speeds up larger simulations.

Requirements
e An NVIDIA GPU based on one of the following architectures:
o Pascal: GeForce GTX 10-series, Quadro P-series
o Turing: GeForce GTX 16-series / RTX 20-series, Quadro RTX/T-
series
o Ampere: GeForce RTX 30-series, RTX A-series
o AdaLovelace: GeForce RTX 40-series, RTX
2000/3500/4000/4500/5000/6000 Ada Generation
o Blackwell: GeForce RTX 50-series, RTX PRO Blackwell series
(desktop, laptop, and professional GPUs all supported within these ar-
chitectures.) GPUs older than Pascal — e.g. Maxwell-based cards such
as the Quadro M-series — are not supported.
e A current NVIDIA driver (keep it updated via NVIDIA's own driver up-
date tool).
e Enough free GPU memory (VRAM) to hold the simulation mesh — this is
checked automatically at startup.

How it works

By default, RAMMS decides automatically: if a suitable GPU is found and the
simulation is large enough to benefit, it runs on the GPU; otherwise it runs on
the CPU as before. Nothing needs to be configured for this. To override the
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automatic choice, and force the CPU or GPU solution, use one of the following
flags in the Additional Preferences:

SOLVER CPU

SOLVER GPU

What to expect

GPU and CPU produce the same result to within ordinary floating-point round-
ing. A CPU run always reproduces bit-for-bit the same output as before this
feature was added.

Speedup depends on simulation size: small simulations may see little or no
benefit (and may run on the CPU automatically for this reason), while larger
simulations have measured speedups in the range of roughly 2-5x.

2.2 Installation and Licensing

Please download the RAMMS::DEBRISFLOW setup file “ramms_avaldbf_setup.exe”
from https://www.ramms.ch/ramms-debrisflow/ (Downloads tab at the bottom of

page).

Please do the following steps before beginning to install RAMMS:

¢ Click on the path given above or copy the path to any browser. A
window pops up and the automatic download of the file
ramms_avaldbf_setup.exe starts after clicking Yes.

¢ You must have Administrator privileges on the target machine.
If you do not have such privileges, the installer cannot modify the
system configuration of the machine, and the installation will fail.
Note that you do not need Administrator privileges to run RAMMS
afterwards.

o Start the file “ramms_avaldbf_setup.exe”. If you need to do a si-
lent installation, add -silent when starting the exe-file.

2.2.1 Multilingual Installation

The RAMMS::Debrisflow installer is designed to support multiple languages, facilitat-
ing a user-friendly installation experience for a diverse user base. Upon launching the
installer, users can select their preferred language, which will guide them through the
installation process in that language.

2.2.2 New Update Procedure

RAMMS::Debrisflow incorporates a streamlined update mechanism to ensure users
have access to the latest features and improvements.


https://ramms.ch/software-updates/ramms_avaldbf_setup.exe
https://www.ramms.ch/ramms-debrisflow/
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¢ Web Update: The application can automatically check for available updates
online (Help - Check for Updates). If an update is found, users can download
and install it directly through the application interface.

When you start RAMMS it will automatically check for updates on the internet. This can
lead to an error message, if your firewall blocks the executable idirt.exe (this file starts
the IDL-Virtual Machine you need to run RAMMS). Please unblock this file for your fire-
wall. You can also disable the AutoWebUpdate-function by unchecking

Help - Advanced... > AutoWebUpdate.

In the same way you can enable the AutoWebUpdate-function again.

2.2.3 Administrative Privileges Requirement

To install or update RAMMS::Debrisflow, administrative privileges are required. This
is necessary because the installation process involves modifying system configura-
tions and installing essential components, such as the IDL Visual Studio Merge Mod-
ules. Without administrative rights, the installer cannot make these critical changes,
and the installation or update will fail.

It's important to note that while administrative privileges are required for installation
and updates, they are not needed to run RAMMS::Debrisflow after installation is com-
plete.

2.2.4 Licensing

RAMMS uses a personal-use licensing model. Licenses are time-limited and bound to a
single machine via its unique host ID. To obtain a license, generate a license request
file from the target machine and send it to RAMMS AG. You will receive a license key
that, once entered, activates full functionality on that specific system.

Alternatively, a license can be installed on a Windows Server and accessed via Remote
Desktop Connection (RDC). In this setup, the license can be used by different users,
but only one user per module can access it at a time.

2.3 First-Time Startup and License Registration

Double-click the RAMMS icon or use Start > Programs > RAMMS - Run RAMMS to
display the initial splash screen (image below). This screen confirms that the RAMMS
application has loaded successfully and is ready to start.

Please note that this splash screen is part of the IDL Virtual Machine startup proce-
dure. RAMMS will not continue to the main interface until the splash screen has been
clicked. To continue, click once anywhere on the splash screen image.
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IDL

Virtual Machine

Distribution Platform To Run
IDL Applications

[ Click To Continue )

Figure 2-1: IDL Virtual Machine splash screen

RAMMS will then open the main Graphical User Interface (GUI), providing a structured
and user-friendly workspace. You will then see the RAMMS | Licensing window (Error! R
eference source not found.):

© RAMMS 2.1.05 | Licensing X

r License Request File

:_-:0} Create personal license request file

r Enter License Information

Paste complete information from your RAMMS license file!

1 Agree to the RAMMS License Agreement g Cancel REGISTER

Figure 2-2: Enter the full content of your license file in the Licensing dialog box.

Paste the full contents of your RAMMS license file into the designated field. Check the
box to confirm | Agree to the RAMMS License Agreement, then click REGISTER. To
review the license agreement before registering, click the handshake icon.

Create your personal license request file by clicking the top button and follow the in-
structions.
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2.3.1 License Transfer

If you want to transfer your RAMMS license to a new PC, do the following:

¢ install RAMMS on the new PC
e generate a new license request file

e send us the new license request file TOGETHER with your old
license file by email

o we will then send you the new license file (email)

¢ uninstall RAMMS from your old PC

2.3.2 Module availability

RAMMS modules can only be used by one user at a time. If a module is already in use,
RAMMS shows the name of the user currently blocking the module.

A module may also remain reserved while a long simulation is running.

If RAMMS is not closed properly, the reservation may remain active for a limited time
and is released automatically after the timeout period.

RAMMS:Debrisflow | Module In Use *

RAMMS::Debrisflow is currently in use by another user!

usec

If this user is still working in RAMMS, please try again later.

If RAMMS was closed unexpectedly and the module appears
to remain blocked, the blocking user can start RAMMS once
and remove the previous reservation when prompted,

| 4

(

Figure 2-3: RAMMS showing the name of the user currently blocking the module.

2.3.3 Registering and updating Avalanche and Debrisflow licenses

Licenses for RAMMS::Avalanche and RAMMS::Debrisflow can be registered or up-
dated directly from within either of these modules.

This can be used in two situations:

e Adding another module: If, for example, RAMMS::Avalanche is already regis-
tered, a RAMMS::Debrisflow license can be added.
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¢ Updating an existing license: A new license for the same module can be regis-
tered, for example to replace a temporary license with a final license. The exist-
ing license information for that module is overwritten.

To register or update a license, select:
Help - Register / Update License
and enter the new license key (see Figure 2-2).

After registering an additional module, close and restart RAMMS. If both RAMMS::Ava-
lanche and RAMMS::Debrisflow are licensed, the module selection window is dis-
played at startup, allowing you to select the module you want to use.

Figure 2-4: Module selection window when both RAMMS::Avalanche (left)
and RAMMS::Debrisflow (right) are licensed.

Note: This function is available only for RAMMS::Avalanche and RAMMS::Debrisflow.
Other RAMMS modules, such as RAMMS::Rockfall, must be installed and licensed sep-
arately.

10
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3 The RAMMS::Debrisflow GUI

RAMMS uses 3D and 2D views. Release areas, friction zones, and domain boundaries can
only be defined in 2D mode. Each project holds multiple scenarios sharing the same DEM,
allowing systematic parameter variation without recreating the topographic base.

3.1 Starting the Graphical Interface

When the user clicks the RAMMS::Debrisflow icon, the Graphical User Interface (GUI)
appears,

tes in lower right

Figure 3-1: RAMMS::Debrisflow GUI at startup. The interface is
structured into five main regions.

providing a structured and user-friendly workspace. The interface is divided into five
distinct regions, see Figure above:

1. Display, Animation and Preference Icons (Left Side): A vertical list of icons for
quick access to display features.

2. Action Toolbar (Top Side): A horizontal row of icons, including key functions
for project management and data input/output handling.

3. Tab Field (Right Side): A dynamic space for working with multiple tabs, used for
file management, user information and display options.

4. Time Slider & Information Displays (Bottom Side): A timeline control and key
important user information.
11
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5. Input/Output Graphics Display: In this window the input/output graphics is
displayed in two-dimensional, or full three-dimensional mode.

At this point, users have three primary options, conveniently located in the upper action
toolbar:

1. Create a New Project — Begin a fresh project from scratch.
2. Open an Input File — Load an existing input dataset for processing.

3. Open an Output File — Access previously generated results.

3.2 Project Creation

c@ Create Project Creates a project, selects a DEM

%

B Open Input File Opens an existing input file
Open Output File Opens an existing output file

)

Every RAMMS::Debrisflow workflow begins with the creation of a project. A project is
inherently linked to a specific terrain model, which is defined by a Digital Elevation
Model (DEM). To establish a new project, users must consider three essential elements:

1. Project Name: A unique identifier for the project.

2. Project Location, or Home Directory: The directory on the user's computer
where project files will be stored.

3. Digital Elevation Model (DEM): A topographical dataset that forms the founda-
tion of the simulation.

Initiating a New Project

To create a new project, click the "Create Project" icon, located on the upper toolbar.
This icon is easily recognizable, featuring a rocket ship in front of a cogwheel. Upon
selecting this option, the Create Project Wizard will appear (see Figure 3-3).

12
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The user can also launch the Create Project Wizard via the pull-down menu by navi-
gating to Track > New - Project Wizard.

4% RAMMS:DEBRIS FLOW 2.1.03

Track Edit Input Show Run Results GIS Extras Project Help
New... > Project Wizard Ctrl+W
HMH NP
Open... > Convert XYZ Data -> Raster Data -

Run BATCH Simulations
Run BATCH Simulation (from Folder)

Export Raster Files from Simulations (Batch)
Export Raster Files from Simulations (from Folder, Batch)

Backup... >

Preferences Ctrl+P
Log Files... >
Activity Log b
Restart RAMMS

Exit Ctrl+Q

Recent...

Figure 3-2: Activating the project wizard via pull-down menus.

3.2.1 Understanding the New Project Window

The Create Project interface is divided into three distinct sections (see Figure 3-3), each
serving a crucial role in the project setup process:

1. Project Name & Home Directory (Upper Section)

o Users must define a project name and select a home directory where all
simulation files will be stored.

2. DEM File Selection (Middle Section)

o Here, users import the DEM file, which defines the terrain for the simulation.

o Once selected, RAMMS::Debrisflow automatically analyzes and reports the
DEM resolution, typically 0.5-5m. The Grid Resolution tab in the DEM Input
section allows users to adjust the resolution of a DEM to better suit their
simulation needs. High-resolution DEMs are often specified, but their level
of detail may be excessive for debrisflow dynamics simulations, leading to
unnecessary computational complexity.

3. Project Description (Lower Section)

o This section allows users to input descriptive text about the project.

13
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o While often overlooked, this feature can be highly valuable—especially when
revisiting simulations years later. Documenting important details ensures
continuity and understanding for future analysis.

7 ew Project Window
€ RAMMS | Mew Project Wind X

E r Project name and location
4 General

Project name Test DBF
ma DEM settings
S Project home D:A\RAMMS\DEBRISFLOWY, [

Project location D:ARAMMS\DEBRISFLOW\Test DBF,

: r Project DEM file

DEM file: swissALTI3D_2m.tif Choose DEM @

Cancel
ance DEMgridsize: 200 m 1183 x990 cells, 2,366 km x 1.980 km, 4.685 km2

CREATE PROJECT
Project grid size: 200 m

Press Enter to apply a new project grid size.

Project details and information

Enter project details or any type of information below

Test DBF project

Figure 3-3: The RAMMS::Debrisflow New Project Window. The menu is divided into

three sections. In the upper section a project name and home directory is defined.

In the middle section the DEM is specified by the user. In the lower section project
information can be provided (optional).

To modify the DEM resolution, simply click on "Grid Resolution", enter the desired res-
olution, and apply the change. For instance, if the original DEM has a resolution of 0.25m,
it can be resampled to a coarser resolution, such as 1 or 2 meters, using bilinear inter-
polation. Similarly, if the DEM resolution is too coarse (e.g., 10 meters), it can be refined
to a finer resolution (e.g., 1 or 2 meters) using the same functionality. This flexibility
ensures that the DEM is appropriately scaled for efficient and accurate simulations.

By carefully setting up a project with a clear name, an appropriate directory, and an
accurate DEM, users establish a solid foundation for successful simulations in
RAMMS::Debrisflow.

The DEM Settings menu is accessed from the Create Project menu (see Figure 3-3)
and serves two main purposes: providing key spatial information—such as the maxi-
mum North, South, East, and West coordinates—and allowing users to clip the DEM if
needed.
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@

@ General
m DEM settings

\

Cancel

CREATE PROJECT

- Project extent

DEM information: swissALTI3D_2m.tif
Coordinate system (CRS): EPSG:2056 - CH1903+ LV95
Datum/Ellipsoid: EPSG:6150 - CH1903+ / Bessel 1841

Original DEM grid size: 2.00m
Original DEM size: 1183 x 990 cells, 2.366 km x 1.980 km, 4.685 km2

Choose the DEM area used for the new RAMMS project.
Project grid size: 2.00 m
Project size: 1183 x 990 cells, 2.366 km x 1.980 km, 4.685 km2

[CJ Use custom project extent

Figure 3-4: The DEM Settings menu. With this menu, the DEM can be

reduced by clipping.

Clipping the DEM can be done in one of two ways:

1. Manual Coordinate Entry — Users can manually define the clipping boundaries
by entering exact N, S, E, and W coordinates. This is done by activating the cor-
responding icons in the DEM Settings menu, after which the GUI prompts the
user to input the desired values.

2. Shapefile-Based Clipping — Alternatively, users can clip the DEM using a do-
main shapefile. This method is often preferred, particularly when refining the
computational domain from existing simulations and when a suitable domain file
from a previous calculation is available. (Because the project is being created,
often, a domain file does not exist.)

By offering these two clipping options, the DEM Settings menu provides flexibility in
tailoring the DEM to the specific needs of the project.
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3.2.2 DEM Files *.tif and *.asc

RAMMS::Debrisflow supports two different types of file formats for DEM files: *.asc
and *.tif. The ASC format, an ASCII Grid format developed by Esri, is a plain text file that
stores elevation data in a structured grid with human-readable values, making it easy to
edit but often larger in size. It includes metadata such as cell size, coordinates, and
NoData values. On the other hand, the TIFF format, specifically GeoTIFF (*.tif), is a raster
format that supports georeferencing and can store elevation data in a more compact,
binary form. GeoTIFFs are widely used due to their efficiency, ability to store multiple
bands, and compatibility with GIS software. While ASC files are simpler and useful for
certain applications, GeoTIFFs are generally preferred for large-scale DEM storage and
processing due to their superior compression, metadata handling, and performance.
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4 Setup and Theory

A complete RAMMS::Debrisflow setup requires a georeferenced DEM (1-2m recom-
mended), a defined release area with release depth/input hydrograph, friction parameters
(u, &), erosion areas (optional but recommended) and a calculation domain. Validate all
inputs visually in 2D before running — incorrect release geometry or friction parameters
are the most common source of unrealistic results.

4.1 Preparations

To successfully start a new RAMMS project, a few important preparations are neces-
sary. Topographic input data (DEM in ASCII- or GEOTIFF-format), project boundary
coordinates and georeferenced maps or remote sensing images should be prepared
in advance (.tif format and .tfw-file, maps and images are not mandatory, but nice to
have). Georeferenced datasets have to be in the same Cartesian coordinate system
(e.g. Swiss CH1903 LVO03) as the DEM. Polar coordinate systems in degree (e.g.
WGS84 Longitude Latitude) are not supported. For more information about specific
national coordinate systems please contact the national topographic agency in your
country.

4.1.1 Topographic data - Digital Elevation Model (DEM)

The topographic data is the most important input requirement. The simulation re-
sults depend strongly on the resolution and accuracy of the topographic input data.
Before you start a simulation, make sure all important terrain features are repre-
sented in the input DEM. RAMMS is able to process the following topographic data:

e ESRI ASCII grid (Figure 4-1)
e GEOTIFF (georeferenced information embedded within a TIFF file)
e ASCII XYZ regular, single space data (Figure 4-2)

ASCII XYZ data (regular and irregular) can be converted within RAMMS into an ASCII or
GEOTIFF grid. A wizard will guide you through the conversion process. The following
interpolation methods are available: LINEAR or INVERSE DISTANCE

The header of an ESRI ASCII grid must contain the information shown in Figure 4-1.
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Figure 4-1: Example ESRI ASCII grid. Figure 4-2: Example ASCII XYZ

single space data.

Choosing an Appropriate DEM Resolution

Grid resolution has a substantial, quantified effect on RAMMS::Debrisflow results, com-
parable in magnitude to friction-parameter choice and in some documented cases
larger. Fan and Galoie (2025), systematically testing cell sizes from 1 m to 20 m against
a real, well-documented debris-flow event, found inundation area increased by up to
724% between the 1 m and 20 m simulations of the same event, and recommend re-
calibrating friction parameters whenever grid resolution changes rather than reusing a
parameter set calibrated at a different cell size. Hohermuth and Graf (2014), comparing
an official survey DEM against a 1x1 m LiDAR-derived DEM for a Swiss protection-con-
cept design, found that DEM resolution and quality affected results more than either
Voellmy friction parameter; grid resolutions coarser than 5x5 m failed to represent
their site's narrow incised channel, causing simulated flow to break out of the channel
prematurely. The same study found the official survey DEM contained a structural arti-
fact (a bridge) absent from the LiIDAR DEM, which altered the simulated flow path.

The consequences of under-resolving terrain are not confined to methodological stud-
ies. Krishnapriya et al. (2024), applying RAMMS::Debris Flow in a rapid post-event as-
sessment of the catastrophic 30 July 2024 Wayanad, India debris flow, found that us-
ing a 30 m SRTM DEM (the best readily available pre-event elevation data) produced
approximately 85% areal over-prediction relative to the satellite-observed flow foot-
print, a discrepancy the authors attribute explicitly to DEM coarseness. Graf et al.
(2019), summarizing a decade of applied RAMMS practice in Switzerland, note that the
Swiss national 2 m DEM is frequently too coarse relative to typical torrent channel
widths of 1-10 m, degrading both runout and shear-stress-dependent erosion predic-
tions.

Practical guidance: for channels narrower than approximately 10 m, use a grid resolu-
tion of 2 m or finer where possible; resolutions coarser than 5 m have been docu-
mented to cause artificial channel breakout in narrow, incised channels. Re-calibrate
friction parameters when changing DEM resolution rather than reusing values cali-

brated at a different cell size. When only a coarse regional DEM is available, treat
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runout extent as a conservative upper bound and communicate the associated uncer-
tainty explicitly; obtain a high-resolution DEM (LiDAR or UAV photogrammetry) for site-
specific design work wherever feasible. Inspect official or national DEM products for
structural artifacts (bridges, culverts, buildings) before use.

4.1.2 Project and Scenarios

A project is defined for a region of interest. Within a project, one or more scenarios
can be specified and analyzed. For every scenario, a calculation can be executed. A
project consists therefore of different scenarios (input files) with different input pa-
rameters. The basic topographic input data is the same for every scenario. If you
want to change the topographic input data (e.g. change the input DEM resolution or
the project boundary coordinates) you have to create a new project. Other input
parameters (such as release area, calculation domain, calculation grid resolution, end
time or time step) can be changed for every scenario.
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Figure 4-3: The same project extent (area of interest) can be used to calculate
different scenarios with different input parameters.

4.2 Release information

In RAMMS::Debrisflow there are two options to define the starting conditions (re-
lease information) of a simulation:

e Release area (or block release)
o Input hydrograph (or simply hydrograph)

The starting conditions of a simulation can be selected depending on the type of de-
bris flow you want to model. Generally, it is useful to distinguish between unchan-
neled and channelized debris flows. Here we use the term unchanneled debris flow
for hillslope debris flows or shallow landslides, channelized debris flows develop in
regions where torrents limit the flow paths and the debris material mainly follows

the torrent channel.

For small unchanneled debris flows it is useful to use a release area with a giveninitial
depth, which will be released as a block (block release), while for a channelized

debris flow it may be more appropriate to use an input hydrograph. The later
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requires knowledge of the amount of material that might flow past a certain location
in the channel. Chapter 5.6.3 includes several examples for both types of starting
conditions.

The definitions of release areas and release depths (block release) have a strong
impact on the simulation results. The same applies for simulations with a hydro-
graph, where the results are sensitive to the discharge hydrograph. Therefore, we
recommend to use reference information such as photography, GPS measurements
or field maps to draw release areas and to use measured or well-estimated inflow
data to define discharge hydrographs. This should be done by people with experi-
ence concerning the topographic and historical flow situation of the investigation
area.

More details on how to create release areas are given in section 4.9.1. Details on
how to use an input hydrograph are given in section 4.9.2.

4.3 Friction information

RAMMS employs a Voellmy-fluid friction model, which is based on the Voellmy-fluid
approach (we refer to Salm et al. 1990 and Salm 1993).

The choice of the friction parameters requires careful calibration (section 6.1) of
the model by using reference information such as field data, photographs of runout
zones, estimations or measurements of flow velocities and flow heights as well as
estimations of the material composition. This should be done by a person with ex-
pertise in debris flow characterization.

4.3.1 Physical friction model

The physical model of RAMMS::Debris Flow uses the Voellmy friction law. This model
divides the frictional resistance into two parts: a dry-Coulomb type friction (coeffi-
cient uy) that scales with the normal stress and a velocity-squared drag or viscous-
turbulent friction (coefficient £). The frictional resistance S (Pa) is then

pgu’? (3.1)

S =puN + 3 with N = phgcos(¢)

where p is the density, g the gravitational acceleration, ¢ the slope angle, h the flow
height and u the vector u = (uyuy)', consisting of the flow velocity in the x- and y-
directions. The normal stress on the running surface, phgcos(¢), can be summa-
rized in a single parameter N. The Voellmy model accounts for the resistance of the
solid phase (u is sometimes expressed as the tangent of the internal shear angle)
and a viscous or turbulent fluid phase (§ was introduced by Voellmy by using hydro-
dynamic arguments). The friction coefficients are responsible for the behavior of the
flow. u dominates when the flow is close to stopping, & dominates when the flow is
running quickly.
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Throughout one simulation, the friction coefficients y and & of a calculation domain
are constant. However you have the possibility to add up to two polygons within
the calculation domain with different u and € friction parameters (see exercise 3.5f
“"How to run a calculation” on page 59pp.)

The Voellmy friction model has found wide application in the simulation of mass
movements, especially snow avalanches. For modeling snow avalanches the Voellmy
model has been in use in Switzerland for many years and a set of standard parame-
ters is available.

4.3.2 Yield stress

The basic Voellmy equation has been modified to include a yield stress (cohesion)
(Bartelt et al. 2015). Many materials, like mud and snow, do not exhibit a simple linear
relation (u = constant), see Figure 4-4. To model yield stress, we introduce the pa-
rameter No. With this approach it is possible to model ideal plastic materials. In this
case Npserves as a yield stress and u a "hardening" parameter. The new equation for
the frictional resistance S is then

pgu’ N
3 + (1 =Ny — (1 — p)Nge No

where Ny is the yield stress of the flowing material. Unlike a standard Mohr-Coulomb
type relation this formula ensures that S0 when both N-0 and U-0. It increases the
shear stress and therefore causes the debris flow to stop earlier, depending on the
value of No.

S =uN +
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Figure 4-4: Relation between normal and shear stress. Left: Yield stress No serves
to increase the shear stress for higher normal pressures. At low normal pressures
(small flow heights) the shear stress increases rapidly from S=0 to S=No. The slope
of the ‘'S vs N’ relation remains U, when the normal pressures are large. Right: If
=0, we have a visco-plasic behaviour.
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4.3.3 Curvature

The normal force N includes centrifugal forces arising from the terrain curvature. We
use the method proposed by Fischer et al. (2012) which was specifically developed
for RAMMS. The centrifugal acceleration f is both a function of the flow velocity and
terrain curvature. The acceleration is calculated according to

f =uKu”

The matrix K describes the track curvature in all directions, including the track
“twist”. The centrifugal force is then

F = phf

which is added to the normal force N. Typically this increases the friction, causing the
flow to slow down in tortuous and twisted flow paths. It can change the location of the
deposition once the flow leaves the gully. Curvature may be activated/deactivated in
the Run Simulation window (tab Params) or via the menu ‘Help - Advanced... » Cur-
vature'.

4.3.4 Calibration of the friction parameters p and §

Although the data base for well documented debris flow events is smaller than the
one for snow avalanches, we have a good idea of the friction parameters which have
to be used. The major difficulty in case of debris flow simulation is the large variety of
debris flow compositions, which has a strong influence on the choice of the friction
parameters. RAMMS::Debrisflow uses a single-phase model, so we cannot distinguish
between fluid and solid phases and the material is modeled as a bulk flow. Therefore,
the friction parameters should be varied to match observed flow properties (for cali-
brating the model) or expected flow properties (if variation is expected as part of a
hazard scenario).

It is common that different events in the same torrent show strong differencesin
composition. This fact makes the calibration of the friction parameters much more
difficult and even requires a calibration for different events. Therefore, we strongly
recommend careful calibration of the friction parameters by persons with expertise
in debris flow characterization.

The calibration procedure of the Voellmy model is explained with an example in sec-
tion 6.1.

Relative Sensitivity of pand §

M and € do not influence results equally. Walser et al. (2014) found that p has a large,
near-linear effect on runout distance — varying u from 0.1 to 0.2 shifted the simulated
runout on an approximately 800 m potential fan by roughly 200 m — while § had a
negligible effect on affected area and governs mainly in-channel velocity. Fan and Gal-
oie (2025) independently confirm that y dominates over € in their sensitivity tests.
Barnhart et al. (2021) further find that, within plausible parameter ranges, initial release
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volume influences model performance at least as much as either friction parameter.
When calibration time is limited, prioritise constraining release volume and u before
fine-tuning &.

4.4 Erosion information

The erosion module in RAMMS predicts the depth of erosion of sediment caused by
debris flows. Using this option, it is possible to predict the increase in volume of a de-
bris flow as it travels along a channel. By erosion we mean the net decrease in the ele-
vation of the channel bed as a consequence of the entrainment of sediment from the
bed. Here we provide a brief overview of the erosion module and an example of using
it. More details can be found in Frank et al. (2015, 2017).

The erosion module is based on a generalization of field observations from the lligra-
ben Debris Flow observation station in Switzerland, based on repeated terrestrial laser
scans by P. Schirch and Alex Densmore, of Durham University. The field observations
indicate that the depth of erosion increases with flow strength e.g. with basal shear
stress t (Schiirch et al., 2011; Frank et al., 2015) and that the rate of erosion can be
quite rapid (Berger et al., 2011). Other observations indicate that small debris flows do
not always erode sediment (Berger et al., 2010, Schirch et al., 2011), so the model in-
cludes a critical shear stress that permits erosion only when the shear stress in any
given cell exceeds the critical shear stress value for the onset of erosion t.. The ero-
sion algorithm predicts the maximum potential depth of erosion e, as a function of the
computed basal shear stress in each grid cell:

eqn =0 for T <7,
dz
em =E(T—Tc) fort > 7,

The potential erosion depth (per kPa) dz/dr controls the rate of vertical erosion (in the
z-direction) as a linear function of channel-bed shear stress.

The sediment erosion rate in the field (lligraben channel) was observed using sensors
buried in the channel bed (Berger et al., 2011) to be 0.025 m/s in the downward direc-
tion. Sediment is entrained until the erosion depth en is reached:

dz

prie 0.025fore; <ep,,
where e; is the depth of erosion (relative to the start of the simulation) at time t and z is
the vertical coordinate.

If the shear stress in any given cell is exceeded after erosion takes place, then the
maximum depth of erosion (relative to the initial bed elevation at the start of the simu-
lation) is automatically adjusted and additional erosion can take place until the new
value of en is reached. The elevation of the channel bed does not change during the
RAMMS simulation. Users can incorporate changes in topography due to erosion or
deposition, e.g. for further use in hazard modeling scenarios or event analyses, by
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selecting the post-processing options ‘Results - Add Deposition to DEM’ or ‘Results -
Subtract Erosion from DEM’ or both with ‘Results - Add Topographic Changes (Ero-
sion/Deposition) to DEM'.

4.4.1 Interpreting the Default Erosion Thresholds

The default critical shear stress (1. = 1 kPa) marks the point at which erosion becomes
statistically detectable in the lligraben dataset used to derive it (Frank et al., 2015,
from a linear regression to the 50th-percentile line of shear-stress-versus-erosion
measurements reported in Schirch et al., 2011). It is not the threshold for substantial
erosion: Schurch et al. (2011) report, from the same measurement campaign, that sub-
stantial channel-bed erosion occurs once basal shear stress exceeds approximately 3—
4 kPa. Both figures are field-based and are not in conflict — they describe different
points on the same erosion-probability curve — but users should not expect erosion to
become significant as soon as the default 1. is exceeded.

4.4.2 Sensitivity of Results to the Erosion Rate

The default erosion rate (dz/dt = —-0.025 m/s) was derived from a single well-instru-
mented event at lligraben (Berger et al., 2011), where erosion of up to 0.5 m was meas-
ured within 15-21 s of front arrival. The same field campaign recorded a maximum in-
stantaneous erosion rate an order of magnitude higher (0.25 m/s) elsewhere in the
catchment. Frank et al. (2017), testing the sensitivity of predicted volume growth to
this coefficient at two independent sites (Meretschibach, Bondasca), found that halv-
ing or doubling the default rate changed peak predicted volume growth by up to ap-
proximately 9-fold. For applications where the eroded (bulked) volume materially af-
fects the hazard scenario, a bracketing sensitivity run (e.g. £50% of the default rate) is
recommended rather than relying on the single default value.

4.4.3 Site Transferability of the Default Coefficients

All three default erosion-module coefficients (1, dz/dt, dz/dt) are derived from the llI-
graben test site. Independent tests without re-calibration exist at two other Swiss sites
— Spreitgraben (Frank et al., 2015) and the Meretschibach/Bondasca catchments
(Frank et al., 2017) — both of which found the defaults broadly plausible but flagged
specific conditions (initial volumes below approximately 100 m3, channel gradients be-
low 10°) where the 1. default "may be necessary or desirable to adjust” (Frank et al.,
2015). Schirch and McArdell (2018), applying the module to a non-lligraben Swiss
catchment without an instrumented monitoring station, explicitly note an urgent need
for additional erosion-parameter datasets from sites with different slope ranges, chan-
nel forms, and lithologies. Users applying the defaults outside similar channelized-tor-
rent settings should treat them as a starting point for sensitivity testing rather than as
validated, general-purpose values.
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4.4.4 Spatially and Temporally Varying Erosion Parameters

RAMMS::Debrisflow allows multiple erosion polygons, each with independent tc, dz/dt
and dz/dt values. Two recent studies give quantified reasons to use this capability ra-
ther than a single global setting. McArdell et al. (2025) link the erosion-depth coeffi-
cient dz/dt to antecedent channel-bed saturation, demonstrating values of 0.05 (dry),
0.1 (standard/default) and 0.25 (wet) m/kPa that produced an 8-fold difference in final
simulated volume for the same initial release. Stammberger et al. (2026) show that
erosivity varies systematically with position along the channel (peaking at 40-60% of
channel length) and with bed material type (boulder-, gravel- or regolith-dominated
beds show fundamentally different spatial erosivity patterns), independent of moisture.
Where field evidence supports it, defining erosion polygons with position- or moisture-
adjusted coefficients is preferable to a single catchment-wide default.

4.5 Flexible barriers (nets) information

RAMMS::Debrisflow can account for the retention effect of flexible debris-flow and
hillslope protection nets ("flexible barriers") placed across the flow path. The retention
volume a barrier can hold is calculated according to the method described in "Practical
guide for debris flow and hillslope protection nets", based on:

e Dbarrier height

e width of the barrier

e slope angle between the barrier and the terrain
e slope angle of the terrain

e slope angle of the deposit

Longitudinal section of net and retention area:

Figure 4-5: Left: Longitudinal section of torrent and front view of the net. Right:
Sketch of geometric determination of maximum spread. Figures according to
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sin &

- 19 .
Ve =0.5(hy )"bnazsiné | —————— + cosé
- tan(f# — 6')
with
VR = Retention volume of flexible barrier
hy’ = Barrier height
brmax = Width of barrier
t = Slope angle between barrier and terrain
0 = Slope angle of terrain
6’ = Slope angle of deposit

Figure 4-6: Barrier retention volume equation.

Once calculated, RAMMS removes the corresponding retention volume — and its mo-
mentum — from the flow at the barrier's location during the simulation.

Flexible barriers must be defined as polygon shapefiles, with a barrier width of at least
2x the calculation grid size.

4.6 Calculation parameters

Calculation parameters, such as output name, simulation grid resolution, simulation
(end) time, time step etc. can be changed interactively in the RAMMS Run Simulation
window.

4.7 Preferences

To ease the file handling, we recommend setting the preferences prior to start with
simulations. The preferences set the path to the working directory and the necessary
files such as DEM, maps and orthophotos. If the path to the maps and the imagery files
is set correctly in the preferences, RAMMS will automatically open the georeferenced
data when you generate a new project.

Use Track - Preferences to open the RAMMS preferences window or click the button

. For resetting the general preferences use Help - Advanced... > Reset General
Preferences.
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4 RAMMS Preferences X © RAMMS Preferences X
General Debris Flow General Debris Flow
Working Directory Nr Of Colorbar Colors 50
Map Directory GIF-Animation Interval (s) |1
Orthophoto Directory Background Color .(0;0:0}
DEM Directory Animation Delay (s) |0-1
FOREST Directory
Cancel OK Cancel OK
Figure 4-7: General tab of RAMMS Figure 4-8: Debris Flow tab of
preferences. RAMMS preferences.
General Tab
Setting Purpose
Working Directory Set your working directory. VERY IMPORTANT: DO NOT
USE BLANKS in the working directory path!
Map Directory Set the folder where you place your georeferenced digital
maps (consists of a .tif file and a corresponding .tfw file
(world-file).

Orthophoto Directory Set the folder where you place your digital georeferenced
orthophotos (aerial picture, consists of a .tif file and a cor-
responding .tfw file (world-file).

DEM Directory Set the folder where you place the Digital Elevation Models
(format ASCII grid)

Debris flow Tab
Setting Purpose ‘
Read timesteps Choose between reading ALL or only 1 timestep.
Default is reading ALL timesteps.
Nr of colorbar colors Set default nr of colorbar colors.

GIF-Animation Interval Set interval for GIF animation images in seconds.

[s]

Background Color Set background color (greyscale between 0:black and
255:white).
Animation Delay [s] Set animation delay to decelerate the animation speed.

The following exercise Working directory shows how to choose a new working directory.
All further settings can be changed in a similar manner. The settings are saved, until they
are changed again manually.
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Exercise 3.2 : Working directory

Choosing the right working directory is very useful and saves a lot of time searching
for files and folders.

e Click (or use Track - Preferences or Ctrl+P) to open the RAMMS pref-
erences window.

e Click into the field Working directory. A window pops up where you can
choose your new working directory. Click OK in both windows. Do this also
for other directories if necessary.

4.8 Working with the RAMMS GUI

Once the project is created, there are several useful tools which can be helpful when
working with RAMMS. They are explained in the exercises below.

4.8.1 Open input- and output-files

The easiest way to open either input- or output-files is by using these toolbar buttons:

Figure 4-9: Toolbar button to open an input file. You can also use
the menu Track -» Open... - Input File.

Figure 4-10: Toolbar button to open an output file. You can also use
the menu Track - Open... » Debris Flow Simulation.

Track Edit
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Recent-Menu

The menu Track -» Recent... allows you to directly open your 30 last accessed files
(input and output), without having to search for them.

4.8.2 Visualizing shapefiles and domain-files

There are different ways to visualize your project files (shapefiles and Domain-files). In
the exercise below, we will show these possibilities.

Exercise 3.4a: Visualizing shapefiles and Domain-files

a. Files tab in the right panel:

Click on the Files tab in the right DEBRIS FLOW panel.
In the file tree below, you will see your available project files (polygon and do-
main shapefiles.

General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files
-3 Polygon
i []8 Blockrelease shp
-3 Domain
@ Test_dom.shp (input)

e

Figure 4-11: Files tab and available project files (fiE—tr?e, ?asl%d Ed)._
With the blue + button, files from external directories can be added to
the file-tree. Refresh the tree with the refresh-button.

e Click the checkbox (left of the filename) and the file will be shown in your vis-
ualization.
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Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

M8 Test_dom.shp {input)

Figure 4-12: Selcted file (Blockrelease.shp) on the right is shown in the
visualization.

e You can select and visualize as many files as you like!
Shapefile Properties

e Line thickness, color or linestyle can be adjusted for every individual shapefile.
Right-click on a filename and choose Shapefile properties:

Fies  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files
=423 Polygon ‘

B Bloci esaiad

Domain i i
B Tos, Shapefile properties

Release properties

Set as hydrograph
Deposition analysis

Delete

Figure 4-13: Right-click menus Shapefile properties, Release properties,
Set as hydrograph and Delete.

€ RAMMS | Shapefile Pr.. > || € RAMMS | Shapefile Pr.. X [/ € RAMMS | Shapefile Pr... X
Shapefile: Release.shp Shapefile: Release.shp Shapefile: Release.shp
Color: red ~ Color: red ~ Color: red ~
) brown
Linestyle: Dashed w Linestyle: Dazhed w Linestyle: _v
Salid orange
Line thickness: Line thickness: | Dotted Line thickness: | yelow
Dashed lightgreen -
Dash Dot green
Cancel - Dash Dot Dot lightblue DK

Figure 4-14: Use Shapefile properties to change line thiness, color or Iistyle.
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Release Properties
e Please see section 4.9.1 on how to specify release area properties.

Set as hydrograph
e With this option you tell RAMMS, that this polygon shapefile is a hydrograph
release area. See section 4.9.2 for more about hydrographs.

Deposition analysis
e This function is only available in output mode. See section 5.2.4 on how to do
a deposition analysis.

b. Adding files to the project

You can add files to the visualization using one of these options:

e Add data: Use the button ¥ or the menu ‘GIS — Add data’ to add a shapefile. If
this shapefile is located outside of your project directory, it will be added to the
files-tree.

e Add files from folder: Use the button * (Add files from external directory) be-
low the file-tree to add all the files from an external directory to the file-tree.
These files are added during this RAMMS session. After you exit and restart
RAMMS, you have to add the files again.

e Drag & Drop: see next section.
c. Drag & Drop:
It's possible to Drag & Drop the following files onto the main visualization window:
Input files (.db2)
Output files (.out.gz)

Polygon shapefiles (.shp)
Domain shapefiles (.shp)

4.8.3 Hillshade visualization

Use Extras = Create Hillshade Image to create a hillshade visualization. For this we fol-
low the instructions from ArcGIS at

https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/how-hill-
shade-works.htm

to calculate the hillshade representation of your DEM, see Figures below.
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Figure 4-15 DEM surface visualization (with shadows) after creating
a new project in RAMMS

Figure 4-16 Visualization after creating and adding the hillshade image to RAMMS

4.8.4 Changing maps and orthophotos (aerial images)

It is possible to change the map or orthophotos of a project anytime. Take into ac-
count, that the corresponding .tfw-file (world-file) has to be in the same folder as the
actual map (.tif). If this is not the case, the map will not be found. If only a GeoTIFF file
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is available (and the tfw-file is missing), you can use Extras - Create TFW from Geo-
TIFF (World File) to create the tfw-file from the GeoTIFF file, without using GIS.

To check which map and orthophoto is currently loaded in the project, open the project
input (or output) log (Project = Input Log File). Next to MAP / ORTHOPHOTO INFO you
will find the location and name of the loaded map and orthophoto, respectively.

Exercise 3.4b : How to add or change maps and orthophotos

d. Add or change a map:

e Go to Extras > Add/Change Map or click @
e If more than one map is found, the following window pops up, listing the
maps found:

Found several possible map files... X-Dim -Dim  [Size (MB}
et RAMMS\Maps\WDLS-B 2455 3256 224259 -
FANetRAMMS\Maps\WDLS_BIG tif 5593 4793 53.5095
F\MetRAMMS\Mapsitest tif 2192 271z 3.34166
F\MetiRAMMS\Mapsiwdls-bigbig. tif 4060 4360 479636
FAMetRAMMS\Mapsiwdis_small if 2152 2712 334166 -
] 3

=2

| Cancel | | Load selected map

Figure 4-17: Window to choose map image.

Information on the image dimensions (x-Dim and y-Dim, pixel) and size (in
MB) are provided and might be a selection criterion.
¢ Select the map you wish to add and click Load selected map.

e. Map not found:

e If the question "No map found, continue search?" appears, you either don’t
have an appropriate map, the map-folder directory is not set (or wrong) or
the map is saved in a different folder. In the second case click Yes and
choose the correct folder. A window pops up to browse for the correct map
location and file.

e Or click No to cancel search.

f. Change remote sensing imagery:
e Go to Extras ->Add/Change Image or click @ L
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4.8.5 Moving, resizing, rotating, viewing

! Hold Shift while dragging with the mouse to rotate the topography directly, without

manually switching to the Rotate tool. This makes 3D navigation faster, smoother, and
more intuitive.

If you need to rotate the model around a fixed axis, see exercise below.

Exercise 3.4c: Moving and resizing the model

a. Terrain model has a dimension of 100% or smaller:

e By clicking on the arrow < the model can be moved and resized.

Figure 4-18: Active project with lines and corners for resizing.

e To move the model without changing size or aspect ratio, move the cursor
to the model and check if the cursor turns to . Then click and hold
the left mouse button and drag the model to the desired position.

e To resize the model without changing the aspect ratio, use the mouse
wheel to zoom in or out. Alternatively, you can resize the model by changing

the percentage value in the horizontal toolbar &) 0% =],
b. Terrain model has a dimension > 100%:

e All steps explained above are still possible.
¢ In addition to this, the white hand right next to the rotation button becomes

active as well. After clicking on this so-called view pan button R , itis
also possible to move the model.
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Exercise 3.4d: Rotating the model

After activating the rotation button “ , the model can be rotated along the
rotation axis, by moving the cursor directly on one of the axis until the cursor

changes from @to % Otherwise a freehand rotation in any direction is possible.

Figure 4-19: Active project with rotation axes.

Exercise 3.4e: How to switch between 2D and 3D mode

Click to switch from 3D to 2D view. This button then changes to @ and by
clicking again, you willreturn to 3D view.

Figure 4-21: 2D view of example
model.

Figure 4-20: 3D view of example
model.

In 2D mode you have all possibilities that work for the 3D mode. It works for input
files as well as for simulations. For the following functions of RAMMSiit is necessary

to switch from 3D to 2D view:

INPUT: OUTPUT:

e Draw new polygon shapefile € e Draw new polygon shapefile <

e Draw new line profile A

e Release area formation EJ/
e Measure distance and angle =~

e Draw new domain
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e Measure distance and angle =

4.8.6 Colorbar

As soon as a parameter is shown in the project, the colorbar appears on the right

side of the main window. It can be turned on and off by clicking on Pa.

»

The colorbar can be moved anywhere in the screen (and can also get lost). Use
Project -> Get Colorbar to find a lost colorbar.

Exercise 3.4f: Editing the colorbar

Changing the minimum and maximum values of the colorbar as well as changing
the number of colors used is done in the panel DEBRISFLOW (right of the map

window).

r MIN / MAX / COLORS

MAX 1000 6

MIN 000 @ % (1
COLORS 50 (i

View O flat O real

r TRANSPARENCY / CONTOURS
Transparency %
] = i)

Simulation Contour Lines

@ xo

Figure 4-22 Colorbar and visualization properties

e 1) Simply type a new value into the respective field and hit the return key
on the keyboard. The display will then be refreshed.

e 2) To view the underlying topography or image, you can change the
transparency by entering a value or moving the slider.

e 3) Simulation contour lines: Contour lines of simulation results can be vis-

ualized.

Default contour levels are:
- Flow height (m): 1.0 2.0 3.0 5.0 10.0 (H_.CONTOUR_LEVELS)

- Velocity (m/s):1.0 5.0 10.0 20.0 30.0 40.0 50.0 (V_CONTOUR_LEVELS)
- Pressure (kPa): 1.0 3.0 10.0 30.0 100.0 (P_CONTOUR_LEVELS)
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4| DEBRIS FLOW

PARAMETER: Flow height (m)

r MIN | MAX | COLORS

r TRANSPARENCY / CONTOURS —

MAX o Transparency %
]<m > @
m o Simulation Contour Lines
COLORS [i] @ x &
r Various
Files  General Volumes Region
Shapefiles, MuXi-Files and Domain-Files
=+ |C
E+Z3 Polygon

| @ A_Hydrograph_Rel shp
[1/E] Bamiers shp

[ = T

Figure 4-23: Simulation contour lines

You can change these contour levels by adding the following lines in the Add.

Preferences (before the END tag):

Example:

H_CONTOUR_LEVELS 0.51.01.5 2.0
V_CONTOUR_LEVELS 5.0 10.0 50.0
P_CONTOUR_LEVELS 3.0 10.0 30.0

Changing colorbar color and position:

e Open the editing window by using Edit e

- Colorbar Properties.

e To change the colorbar

Show True

Qrientation Vertical

properties

Text orientation 0.10000000149012
Color (255,255,255)

simply click into the field you want to [Fr——

change, then click OK.

e Use Edit » Toggle Colorbar Color to Toxt color [z
toggle the text-color of the colorbar be- Text syle porma

Major ticks 7
Minor ticks -1

Minor tick linestyle
{[Tiek interval 0

Title Flow height (m)
[ li255,255,255)
|| Text font. Ivetica

Text font size

tween black and white. This can be use-

ful when changing the background color
of your project (Track - Preferences >
Debris flow Tab - Background Color).

OK

Figure 4-24: The Colorbar
Properties window.

4.8.7 How to save input files and program settings
Once a project is created, it is saved under the name and location you entered when
creating a new project (see figure 3.9). The created input file has the ending *.db2.

The second situation, in which the input file is saved automatically, is when a calcu-
lation is started. The saved input file has the same name as the created output file.
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Exercise 3.4g: How to save input files and program settings manually

a. Input file:

¢ Incase you want to save the input file manually before running a calculation,
go on Track - Save. This is helpful when a release area was loaded but you
wish to close the project before doing the simulation.

e If you wish to save a copy of your file under a new name, go to Track -
Save
Copy As or click

e A window pops up to choose an old file which should be overwritten or to
type in a new name, then click Save.

I

b. Program settings
e If you have moved and/or or rotated your project for a better view, you can

save this position with Extras -> Save Active Position.
e You can now get back to this position anytime by using Extras - Reload
Position.

Exercise 3.4h:How to open an input file

e Goto Track - Open - Input File, click = or use Ctril+0.
¢ A window opens to browse for a debris flow input file (.db2).
e Click Open after the file name was selected.

e The project willbe opened.

e Alternatively, you can drag & drop the input file from your windows explorer
onto the RAMMS GUI.

Exercise 3.4i:How to visualize a shapefile

e To visualize a shapefile, go to GIS > Add data or click o
e A window opens to browse for a shapefile (*.shp).
e Click Open after the file was selected.

e Alternatively, you can drag & drop the shapefile from your windows explorer
onto the RAMMS GUI.
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Exercise 3.4j: How to open an output file/debris flow simulation

e Goto Track -» Open... > Debris Flow Simulation, click "7 or use Ctri+A.

e A window opens to browse for a debris flow simulation file (*.out.gz)

e Click OK

e The simulation willbe opened.

e Alternatively, you can drag & drop the output file from your windows explorer
onto the RAMMS GUI.

4.8.8 About RAMMS

Some information about the RAMMS installation on your computer is found here:
Help - About RAMMS. If you click on the Info-Button to the left of the OK-Button,
RAMMS will display the RAMMS-License Agreement

@

RAMMS::DEBRISFLOW Version 2.1.02
™ for Windows 10 and higher, 64-bit

This product is licensed to:

Username:

Company: I

Licensed modules:

AVALANCHE - Expiration Date:-
DEBRIS FLOW - Expiration Date: |||

Restricted Rights Legend:
Use, duplication or disclosure of this software is

subject to your license agreement with RAMMS AG.
June 2026, Davos Wiesen, Switzerland.

Copyright © 2024-2026 RAMMS AG:
Marc Christen and Perry Bartelt

Copyright © 2024, SLF/WS5L:
Marc Christen and Perry Bartelt

RAMMS AG is a spin-off of the Swiss Federal Institute
for Forest, Snow and Landscape Research WSL.

i ] oK
|

Figure_ 4-25: About RAMMS::DEBRISFLOW
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4.9 Preparing a simulation

To run a simulation or a specific scenario within a newly created project (creating a
project see section 3.2) it is necessary to

e define a block release area or an input hydrograph,
e an erosion area (optional),

e a calculation domain and

e friction parameters y and €.

The definition of a smaller calculation domain is especially useful to keep the number
of calculation grid cells as small as possible, that is, it is best to test what the flow
path of a simulation will be to limit the calculation domain to this extent. The exercises
below show you how to create a release area, how to use an input hydrograph and
how to create a calculation domain. A simulation also requires a set of friction param-
eters. Details on the friction model used in RAMMS::Debrisflow are given in section 4.3.
How to calibrate the friction values is explained in section 6.1.

4.9.1 Release area

There are different possibilities to include a release area into the project. The following
table gives an overview of the possibilities RAMMS offers. For further explanations see
the exercises below.

Release Type Details

Create a new release area If there is no release area available for

(exercise 3.5a) your project, or you wish to create a new
one, switch to 2D mode and click I (Draw
new polygon shapefile)

Open an existing polygon shapefile Use the file-tree in the right-hand panel

(exercise 3.5b) (Files) and click the shapefile you want to
visualize. Or, use the ‘Add data’ button ©
or menu to visualize a shapefile from an-
other source.

Exercise 3.5a:How to create a new release area (polygon shapefile)

e Switch to 2D mode by clicking .

e Activate the project by clicking on the map once.

e ClickIZ (Draw new polygon shapefile).

e Click into the project where you want to start drawing the outline of the
release polygon.

e Continue drawing the release polygon by moving the cursor and clicking
the left mouse button.
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e To end the release polygon, click the right mouse button. The polygon will
be closed automatically.

Before the release area is created, you have to answer a few questions:

e Add more polygon areas?
You can either answer with Yes and create a second release polygon as
explained above or answer with No and continue with the next step.

¢ Choose a new polygon shapefile name:
Enter a new name for the polygon area(s). The ending .shp is added au-
tomatically.

The polygon shapefile will now be created and opened directly.

Exercise 3.5b: How to open an existing release area (polygon shapefile)

e Use the file-tree in the right-hand panel (Files) and click the shapefile you
want to visualize (see chapter 4.8.1.).

 Alternatively, you can use the Add data button € or menu ‘GIS - Add data’
to add a shapefile from another source than your project directory to your
visualization.

Once a polygon area is created or opened, you can specify the release depth (in case of
a block release). Switch to 2D mode, choose Input - Release area... > Details/Edit
release area , click the button @ or right-click the polygon shapefile in the Files-Tab
and choose Release properties, and choose the release area polygon by selecting it
with the left mouse button. The appearing window yields information about release area,
mean slope angle, mean altitude and estimated release volume. And, most importantly,
the release depth can be entered, see exercise below.

Additional release information is found in the Debris Flow panel, tab Volumes (Figure
4-27 and Figure 4-28) below.
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DEBRIS FLOW DEERIS FLOW
PARAMETER: Max velocity (mis) PARAMETER: Max velocity (mis)
Fles  General Display Volumes Region Fles  General Display Volumes Region
Volumes and areas Volumes and areas
Proj rel area (m2) 804.0 Proj rel area (m2) 504.0

Incl rel area (m2) 11446 Incl rel area (m2) 1144.6

Block volume (m3) 1446 | Hydrograph volume (m3) | 5000.0

Block mass (t) 2289.3 Hydrograph mass (t) 10000.0

Density (kg/m3) 2000.0 Density (kg/m3) 2000.0

View/Edit release area | % View/Edit release area A%
Figure 4-27 : Block release area and Figure 4-28: Hydrograph area and
volume information. volume information.

Exercise 3.5c: Specify release depth and view release information (block re-

lease)

e Switch to 2D mode by clicking .

e Activate the project by clicking on the topography once.

e Click on the View/Edit release area button 4 (1), (in the horizontal
toolbar or in the volumes tab in the panel), choose Input > Release
area... - Details/Edit release area or right-click the shapefile in the Files
tab and select Release properties.

e Then click on the release area you want to get information on (2). A red
polygon is drawn around the selected release area. The following win-
dow appears:
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Track Edit Input Show Run Results GIS Extras Project Help

T EEE M E o v O g et .‘A\Doea M BVie & @ k] &
J ~ | avaLanche

PARAMETER:

= € RAMMS | Release Info x B

Fles  General Display Volumes Region
Release area information

Mean slope angle (*): 41 03 ‘

Shapefiles, MuXi-Files and Domain-Files

Mean altitude (m): 244014

E
O @ vdls_forest_all.shp
O @ _dom shp

Proj. area (m2) 105425 0 ‘

Incl. area (m2): 140295.0

Release volume Im3l 70147 51

i
Release depth do (m)| : f 4

mEE e ® @ B FiemE=t «

O @ Shape_Domain_dom shp
Test_dom shp (input)
0 E
[] secondary & Marosho
@ Shape_Domain.shp
Cancel

3> v Y

© ‘ ’
£ >
Click to edit and get info about release shapefile. ¥ 593401.29 Y- 127800.74 Altitude (m): 2512 45

Figure 4-29: View/Edit release area

e Enter a release depth in the field Release depth dO (m). The corresponding
release volume is updated automatically.

e Additionally, the following release area parameter are shown: mean slope an-
gle, mean altitude, projected area and inclined (real) area.

e Arelease delay in (s) can be specified in the last line.

Remark: The estimated release volume is very accurate for the grid resolution of your
input project. If you calculate a different simulation resolution, the estimation can
differ from the calculated release volume.

Import release attributes from a shapefile

When a release area consists of many individual polygons, assigning the release depth
manually to each polygon can be time-consuming. RAMMS can therefore import release
depths directly from attributes stored in a polygon shapefile. Optionally, release delays
can be imported in the same way.

Each polygon in the shapefile must contain an attribute specifying its corresponding re-
lease depth d,. If delayed release is used, an additional attribute can contain the release
delay.
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~{__|I=l NyOro_comaln.sng

D@ mylineprofile.shp

D@ point.shp

-{_JE profile.shp

-{_JEl Test DBF.shp

D@ multi_blockrelease.shp
BRE] it bocirelessevaiishp |
n@ multi_blockrelease_invalid.sh Shapefile properties
=23 Domain

~{_JEl Test DBF.shp
- domain.sho

Release properties

Import release attributes (d0 / delay)

Set as hydrograph

Set as barrier (net)

Remove barrier (net)

Figure 4-30: Importing release attributes from a shapefile.

Steps to import attributes:

1. Right-click the shapefile in the file tree and select Import release attributes (dO
| delay).

2. In the Import Release Attributes dialog, select the shapefile attribute contain-
ing the release depth d, (m).

3. If applicable, select the attribute containing the release delay (s). Other-
wise,leave the value set to <none>.

m

) RAMMS | Import Release Attributes
Select the shapefile attributes to assign to the release polygons. |

Release depth dO [m]: release - |
Release delay [s] (optional):  delay -~

Import Cancel

Figure 4-31: Import Release Attributes dialog. Select attributes
for release depth and delay (optional).

4. Click Import. RAMMS assigns the attribute values to the corresponding release
polygons.

Note: The selected attributes must contain valid numerical values for all release poly-
gons. Release depths are specified in meters and release delays in seconds.
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4.9.2 Input hydrograph

To simulate channelized debris flows it is advantageous to use an input hydrograph.
However, this requires knowledge of the amount of material (discharge) that flows past
at a given location. For a RAMMS simulation with a hydrograph you have two options.
Either you know the discharge at different times at a given location, e.g. estimated by
measured flow heights and corresponding channel cross sections, or you use the esti-
mated total volume in combination with empirical relationships between total volume
and maximum discharge (e.g. Rickenmann et al. 1999).

Field measurement of debris flow properties is beyond the scope of this manual, how-
ever, if debris flow activity in a catchment is frequent, it may be possible to obtain ad-
ditional information for calibrating RAMMS by installing a monitoring station. Many debris
flows, when the monitoring data are simplified, have a relatively simple triangular wave-
like shape (Figure 4-32). Assuming a well-estimated total volume (e.g. field data), max-
imum debris flow discharge (Q) and corresponding time (t7), as well as the end time (t2)
can be calculated. We call this a three-point hydrograph calculation.

12

10 1Q1. 11
. Maximum discharge

| -=-Three-point-
6 hydrograph

Total volume

Discharge [m3/s]

Qo, t0 Q212

0 200 400 600 800 1000 1200 1400
Time [s]

0

Figure 4-32: Three-point hydrograph with total volume of debris flow.

In nature, discharge hydrographs are generally better described by four points (Figure
4-33 and Figure 4-34). However, a three-point hydrograph results in slightly larger flow
heights and flow velocities after the maximum discharge. If the detailed discharge hy-
drograph is not known it is useful to choose a three-point hydrograph. In critical appli-
cations we encourage users to evaluate the sensitivity of the model results to the shape
of the input hydrograph, e.g. when preparing different scenarios as a basis for hazard
maps.
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12

——Four-point
hydrograph

« [llgraben August 2,
2005

Discharge [m3/s]

0 200 400 600 800 1000 1200 1400
Time [s]

Figure 4-33: Four-point hydrograph for discharge values of an event,
August 2, 2005, at lligraben,Valais, Switzerland.
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Figure 4-34: Comparison of a three-point with a four-point hydrograph
for the given discharge data with the same total volume.

Input data for a discharge hydrograph

In RAMMS::Debris Flow one has the option to enter up to 10 points to define an input
hydrograph. It requires discharge Q, time t and velocity v at different times. A three-
point hydrograph for the event shown in Figs. 4.24 and 4.25 might look as following:
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Table 4.1: Data for discharge hydrograph.
Timet Discharge Q Velocity v

[s] [m?3/s] [m/s]
Point O 0 0 6
Point1 2.2 8.8 6
Point 2 1500 0 3
RELEASE PARAMETERS 7 ] Use BLOCK release

r Release Information

Hydrograph Block Release

Hydrograph Parameters 7

r Release shapefile(s)
Hydro.shp

r Inflow direction

Inflow direction (degrees) 300 % (0 Automatic

r 3-Point Hydrograph

Yol (m3) Qmax {m3/s) t1(s) v (m/fs) t2(s) 2
180.0 7.6 10.0 5.0 47.37
I @ Edit hydrograph tablel
Hydrograph-Plot Hydrograph-Table
t(s) Q(md/s) | v(m/s) |
0 0.000000 0.000000 5.00000
1 10.0000 7.60000 5.00000
2 47.3684 0.000000 5.00000
3 0.000000 0.000000 0.000000
4 0.000000 0.000000 0.000000
5 0.000000 0.000000 0.000000

Figure 4-35: Edit hydrograph table. The checkbox (red rectangle) must
be set to be able to edit the hydrograph table.

The other option is to define a total volume Vi, a corresponding maximum discharge
Qmax and the time when the maximum discharge occurs tpa. The time of maximum dis-
charge is typically observed just upslope of the leading edge of the flow, probably on
the order of a few seconds to perhaps a few 10’s of seconds after the arrival of a debris
flow at any given location. This allows the calculation of the time at which the total vol-
ume passed the hydrograph location (t.nq). Discharge is linearly interpolated between
known Q-values.

In both cases, the inflow direction has to be defined, which is described as the angle in
counterclockwise direction from the x-coordinate of the topographic data (Figure 4-36).
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Automatic hydrograph inflow direction

By default, the direction in which a hydrograph injects momentum into the flow is set
manually via the inflow direction (angle). When automatic mode is enabled, RAMMS in-
stead computes this direction itself from the terrain: it determines the local slope-aspect
direction (the downslope direction of the DEM) at every cell in the hydrograph release
area, averages them into a single representative direction, and uses that for the whole
simulation.

This is useful when the natural flow direction at the release location is not known pre-
cisely, or when specifying it manually would require estimating an angle from the terrain
by hand. Because a single direction is used for the entire hydrograph area, the result
stays physically consistent even where the local terrain is uneven or the release area
spans a bend or fan — each hydrograph cell injects mass in the same shared direction
rather than following its own local terrain angle.

= s 2V
> "F &> ) 7k =
i
g Angle of inflow 'y A Cf°°’°'“f“e Sysiem / jf <
Jf{ ; directioh: with 0 dlgll(a elevation 1R =
! respect to the mode ZA%3 o

a
~

3 Inﬂo»/ dvrecnon /A =
,‘ of hydrogfaph ~—=i=

\
N

N JE M
AN\ o

“ g

-

ST AN TR S 1

Flgure 4-36: Definition of /nflow d/rectlon of an input hydrogrébh.

Exercise 3.5d: How to use the input hydrograph

Hydrograph location and calculation domain
e Draw a polygon area which extends over the potential debris flow width with
the ‘Draw new polygon shapefile’ tool (see section 4.9.1) where you want to
place the input hydrograph (Figure 4-56). Be sure your release area covers
several grid cells!! The input will initially flow downhill perpendicular to the line.
Name your release area accordingly.
e Right-click your release area shapefile and choose Set as hydrograph.
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r Shapefiles, MuXi-Files and Domain-Files
+/c

=3 Polygon
08 Acletta.shp
oa BlockRelease.shp

0oa Dam.shp

oe houses.shp

@s .

DFE] Landsiid Shapefile properties

D@ newdon Release properties

{J2 Road.sh Import attributes from shapefile
S

gé]] ::z::: Set as barrier (net)

Remove barrier (net)

Delete

Il |
Figure 4-37: Beam shaped polygon area (red rectangle) for the input
hydrograph inside the calculation domain (green line).

e Draw a calculation domain (see section 4.9.5), such that the area of the input
hydrograph is located inside the domain

Enter data of discharge hydrograph
e Once you start to RUN a calculation (see section 3.5.4) you can enter the dis-
charge hydrograph information in the corresponding tab Hydrograph. For de-
tails on how to enter the hydrograph data see beginning of this section 0.

4.9.3 Erosion

To include one or several erosion areas in the simulation, do the following:

e Draw polygon shapefiles for varying erosion areas. Use Input - Polygon shape-
file » Draw New Polygon Shapefile to do this.

e Open the Run Simulation window, change to the Erosion Tab and start to enter
the erosion characteristics.

1. Select shapefile

2. Choose/select parameters, see Table 4.2 below for details.
3. Click the + button to add your selection to the Erosion Shapefile List.
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4 RAMMS | Run Simulation

General Params Mu/¥  Release Erosion

EROSION PARAMETERS | B

Erosion shapefile Properties

click to zelect | 9 = X
Erozion density (kgfm3): 2000.0
Erosion rate (mis): 0.0250 ||Mormal

Pat. erozion depth (per kPa): | 0100 | [medium

Critical shear stress (kPa): 1.000

medium
Menc eromion depth (m; 0.00
Addd shapefile o izt 3
|
Erosion Shapefile List l'
Delete | (Clear List

Figure 4-38: Erosion Tab

...do the same for every shapefile you want to use.
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Erosion Parameters

Parameter
Erosion density:
(kg/m3)

Erosion rate:
(m/s, default 0.025)

¢ Loose, wet sedi-
ment (0.05 m/s)

¢ Normal (0.025
m/s)

¢ Densely packed
sediment (0.013
m/s)

Pot. erosion depth:

(per kPa, default

0.1)

e deep (0.2 per kPa)

e medium (0.1 per
kPa)

¢ shallow (0.05 per
kPa)

Critical shear

stress: (kPa, default

1.0)

e low (0.5 kPa)
e medium (1.0 kPa)
¢ high (1.5 kPa)

Max erosion depth:
(m, default 0.0)

Table 4.2: Parameters for erosion areas.

Details
We suggest to use the default density (or the density that you se-
lected in the Params tab) unless you have more detailed information.

The rate at which debris flows entrain material from the sediment
bed. There are very few values available from the field (see Frank et
al.), so we propose using a constant value based on the work pub-

lished by Berger et al., 2011 (0.025 m/s), for the lligraben torrent (ero-
sion rates measured using sensors buried in the channel bed). This is

a rate that the model will use for entrainment until the predicted ero-

sion depth is reached. Increasing this value will cause sediment to be

entrained at a faster rate, potentially resulting in relatively large de-
bris flow snouts.

This parameter controls the maximum potential erosion depth (variabl

e

em in the paper by Frank et al.) as a function of the maximum shear

stress reached in each cell. This value actually is the slope of the lin

e

which relates em to the maximum shear stress calculated for each cell.
By changing the value of this parameter to e.g. 0.2 (menu choice deep)

you will double the maximum potential erosion depth.

This is the value at which erosion can start occurring. It might be rea-

sonable to expect that a channel bed consisting of interlocked bou

ders would have a larger critical shear stress, while a channel bed of

saturated sandy gravel would have a lower value. Our value is just
curve fit to the data reported by Schurch et al. (2011).

a

Here we can set a maximum thickness of the layer of erodible sediment

if such data are available (e.g. in some cases we may know that ther

e

is only a limited amount of sediment available). The default value is 0.0,

meaning that the erosion algorithm is calculating the max erosio
depth itself.

n

o1
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4.9.4 Flexible barriers (nets)

Drawing barrier locations. Draw one or more polygons at the net/barrier location(s) —
either a single polygon per shapefile, or several polygons within one shapefile if you
have multiple barrier locations.

Only 1 net location 4 net locations

Figure 4-39: Left: aerial orthophoto with a single flexible-barrier polygon (red
dashed outline, arrow) drawn across the flow path. Right: the same scenario with
four separate barrier polygons drawn at different
net locations within one shapefile.

Setting a shapefile as a barrier. Right-click the shapefile in the file list and choose "Set
as barrier (net)."
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Right-click on filename and choose Set as barrier (net)

s MAXFCOLORS ==\ by ' —
MAX. o E'Il‘nnspurenm/% -
< >
o L] Simulation Contour Lines
coors [ 50 ||@

- Variou:

Fies  General Volumes

Shapefiles, MuXi-Files and num—ﬁleu

Shapefile propeﬂles

Release properties

Import attributes from shapefile
Set as hydrograph

Set as barrier (net)

Remove barrier (net)
Deposition analysis

Delete

158.shp foput) ‘ ‘ ‘

Figure 4-40: Right-click a shapefile in the file list and select "Set as barrier (net)" to
activate barrier retention for that polygon.

Setting barrier parameters. For each polygon, set the barrier's width and height (in
m). A green arrow indicates which polygon you're currently parameterizing. Clicking
Cancel skips that polygon — no retention is applied there.

4 Width of barrier
Enter WIDTH of bamier net (in m)

Figure 4-41: The "Width of barrier" dialog, prompting for the barrier width (m). The
green arrow indicates which drawn polygon the parameters currently apply to.
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After entering width and height, RAMMS displays the calculated possible retention vol-
ume for that barrier. If this value doesn't match your expectations, click No and enter a
custom retention volume (in m3) directly. Repeat for each polygon in the shapefile.

RAMMS | Retention Volume

Calculated/predicted retention volume of flexible
barrier: 4barriers.shp (1d=0)

2276.41 m3

Is this volume reasonable? If not, please click
No, and then enter a new retention volume.

Figure 4-42: RAMMS displays the calculated retention volume for the barrier (here
2276.41 m®) and asks the user to confirm it is reasonable, or reject it to enter a
custom value.

Checking and changing parameters. Right-click the shapefile again at any time to re-
view the current barrier parameters. To change them, first remove the barrier definition
from the shapefile (also via right-click), then redefine it.

RAMMS | Barriers X
o Shapefile: 4barriers.shp
There is already a barrier specified for this element!
Please remove barrier before defining a new barrier setting! ecios Maxt Ellewaad Bonrahn Ehes
Barrier Information: +|[c]
=-£3 Polygon
Id H w S vr Hr [] 2] 00_Run_01 shp |
-85
0 400 2500 1444 227641 30.82 08 A s Shapefile properties
Legend: E [E) bamer20 Release properties
i ) e . -]/ bamier_1
:.:1.' laliaslfeprl::zlgg(:;‘r: m;hm shapefile {15 bamer_1 Import attributes from shapefile
Wi Width of barrier (m) L1 bamier 2 get o hydrograph
S: Mean slope angle within barrier polygon () [1E Dom_12
v Estimated retention volume of flexible barrier (m3) E% dom_15¢ Set as barrier (net]
Hr: Max retained height within barrier polygon cells (m, ~[_]Z] Erosion: <
fictional) I/ houses2 Remove barrier (net)
L115) houses_ Deposition analysis
013 profile.s P Y
-[][E) Rel_128 Delete
12 Fe8 e
= A rel_1985hp Gnpust) [ ]

Figure 4-43: Left: the "RAMMS | Barriers" dialog, shown when right-clicking a
shapefile that already has barrier parameters defined — lists barrier height (H),
width (W), mean slope (S), estimated retention volume (Vr) and maximum retained
height (Hr) per polygon. Right: right-click "Remove barrier (net)" to clear the
existing definition before redefining it.
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Barrier parameters are also visible in the Run Simulation window before you start the
calculation.

<% RAMMS | Run Simulation *

General Params MusX Release Erosion

BARRIER INFORMATION ?

- Barrier Shapefiles and Values

id H W 3 Wr Hr Mame + Path
0 4.00 25.00 1444 227641 3082  4barriers.shp
Legend:

Id: ld of polygon within shapefile

H: Barrier height (m}

W Width of barrier (m}

S Mean slope angle within barrier pelygon (%)

r: Estimated retention volume of flexible barrier (m3)

Hr: Max retained height within barrier pelygon cells (m, fictional)

Additional Information:
- It is not suggested to use the Center-0Of-Mass stopping criteria with ban
- Use lower values for the momentum stepping criteria than usual.

Figure 4-44: The Barriers tab of the Run Simulation window, showing the same
barrier parameter table as Figure 4-40 plus reminders to avoid the Center-of-Mass
stopping criterion with barriers and to use a lower momentum stopping-criterion
value than usual.

Running with barriers. Start the simulation as usual. The console window reports how
much volume is being retained as the run progresses.

To add rigid obstacles the flow must not enter (e.g. buildings), use the Obstacle/Dam
File field on the Params tab of the Run Simulation window — see page 61.

Important: when using flexible barriers, set the (momentum-based) stopping criterion
to 1%. Do NOT use the Center-of-Mass stopping criterion together with barriers — see
the Stopping criteria section in Chapter 4.
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LAYILE ] Sl nig, | WU LAY L | | e

- Stop Criteria

Percentage of total momentum (% '?

Center-of-Mass vel threshold (m's): ‘?

Figure 4-45: The Stop Criteria panel of the Run Simulation window, with the
momentum-based stopping criterion set to 1% — the recommended value when
using flexible barriers.

4.9.5 Calculation Domain

To reduce calculation time, you can specify a smaller calculation domain to reduce the
number of computational cells. By analyzing a calculation with a coarse grid (large cell
size), e.g. with a cell size of 5 or 10 m, you get an idea where the flow path is situated

and you can limit the calculation domain to the area of interest.

Switch to 2D mode and choose Input - Calculation Domain... » Draw New Domain or
click <7. Now you can draw a polygon containing the area of interest similar to drawing
a new polygon area (see exercise "Create release area" on page 40). We strongly rec-
ommend using smaller calculation domains especially if you simulate with small cell
sizes (e.g. < 5m).

Figure 4-46: Calculation domain in green encloses the area of interest and reduces
calculation. time incomparison with the default rectangular domain which is
automatically generated
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Exercise 3.5e: Finding an optimized calculation domain

e Open your input file.
e Draw a rough calculation domain as explained above, see Figure 4-47 be-
low.

e o glina B

Figure 4-47: Input file with a rough calculation domain

e Do a rough calculation with a simulation resolution of 4m (instead of 2m,

e.g.).
e Wait for the simulation to finish. The simulation result will be displayed.

e Click the Max Flow Height button ®,

Figure 4-48: Max Flow Height of a 4m simulation

e Click GIS = Export... > Create Envelope Shapefile
e Question: Use buffer?
e Click Yes. We want to use the envelope shapefile as a calculation domain,
and therefore we want to buffer it a little bit. Click No if you want to have
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the exact Envelope Shapefile of your output result. Beware: the MIN-value
of your colorbar will be used as the lower limit for the Envelope Shapefile!
e Choose a filename for the envelope shapefile (a name is proposed, includ-
ing the MIN-value of your colorbar, if you want an exact envelope).
e The created envelope shapefile is shown in the visualization as a dashed
red line.

Figure 4-49: Envelope shapefile (dashed red line) of Max Flow Height extent

e Switch back to the input file *
e Use Input 2 Calculation Domain... 2 Load Existing Domain to load your
envelope shapefile as a new calculation domain, see Figure 4-50 below.

—
3
5
=
5

()

-

Q

o9

0

i
;

o

Figure 4-50: Input file with optimized calculation doin (evelope shapefile)

e Now redo your simulation with a simulation resolution of 2m.
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Figure 4-51: Max Flow Height result of a 2m simulation

e In this example, the much smaller new calculation domain saves 50%
of the computational time.

4.10 Running a simulation

The following exercise guides you step by step through the setup and execution of a
debris-flow simulation, including block release, hydrographs, erosion, friction parame-
ters, and other relevant model settings.

Exercise 3.5f: How to run a simulation

e To run a simulation choose Run - Run Simulation or click @
e The RAMMS | Run Simulation window opens. Before clicking Run Simulation,
you should check the input parameters.

General Tab:

- SCENARIO Name
(1) Scenario output name: Choose a meaningful output filename, add parameter
information to the filename to recognize the output file.
(2) Save Max Values Only: If you want to save disk space and if the max values are
all you are interested in, then use this feature. After a simulation finished, all
ASCII files (deposition, max flowheight, max velocity and max pressure) are
exported automatically. The simulation results cannot be visualized in RAMMS.
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Additional Information

(3) Project name:

(4) Details: Add valuable project in-
formation to this field.

(5) Calculation domain.

(6) Digital elevation info: Digital ele-
vation model (DEM) file.

Stop Criteria

(7) Momentum stopping criterion,
see section 5.4.
(8) Center of mass stopping criterion,

see section 5.4.

Remarks

(9) “Escape” and “Ctrl+R” can be
used to cancel resp. start a simu-
lation.

(10) Check box Run in back-
ground: Option to run simulations
in background mode. The RAMMS
interface remains active and al-
lows the user to start e.g. new
simulations.

4% RAMMS | Run Simulation X

Params Mu/¥% Release Erosion

GENERAL SIMULATION INFORMATION

- SCENARIO Name

| ManuaI_Examplee 1 |

D Save Max Values Only ("_Max" wil be appended to the output name) 6

2

r Additional Information

Wildibach é 3
Example simulation for manual E 4 ‘

Calculation domain: | Wibdibach_E-m_Max_height_[m}_envelupe.t| o é

<€ 6 @ =

Project name:

Details:

Digital elevation info: | Wildibach.xyz

- Stop Criteria

Percentage of total momentum (%): '? é 7
Center-of-Mass vel threshold (m/s): '? é 8

Remarks
- uze "Escape” to close/cancel this window 9
- use "Ctrl+r" to start a simulation G
|:| Run in background Cancel RUN SIMULATION

Figure 4-52 General Information

Continuation of exercise 3.5f: How to run a simulation
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Params Tab

(1) Simulation Parameters

e Sim resolution: Change, if neces-
sary. The resolution should al-
ways be chosen so that im-
portant features of the terrain are
represented in the terrain model.
High resolution grids will extend

your calculation time.

e End time: Choose simulation end

time.

e Dump-step: The dump-step in-
terval defines the resolution of
the animation of your simulation
but has no effect on the simula-

tion results.

e Density: Keep the default value
for density if no further infor-
mation on the debris flow mate-

rial is available (2000 kg/m3).

e Nr of threads: Choose number of
threads RAMMS should use for
the parallelized simulation (CPU).

(2) Miscellaneous Parameters

€ RAMMS | Run Simulation e

General || Params u/Xi Release Erosion

PARAMETERS

r Simulation Parameters

Sim resolution (m):  2.00  (DEM: 5.00m)

End time (s): 1000

Dump step (s): 5.00 1
Density (kg/m3): 2000.00

Nr of threads: 16 ~ (used for the simuldtion)

Parameters

~Miscell
Obstacle/Dam File: [i =8
Curvature ©on Q off 2

[J Run in background Cancel RUN SIMULATION

Figure 4-53: Parameter Tab

e Obstacle/Dam File: Draw polygons of areas, where no flow should pass

(houses, deflecting dams, obstacles). The flow is deflected. (commonly used

together with flexible barriers (nets) — see section 4.9.4.)

e Curvature: Switch Curvature on or off. The normal force N includes centrifu-
gal forces arising from the terrain curvature. We use the method proposed by
Fischer et al. (2012) which was specifically developed for RAMMS. Typically,

this increases the friction, causing the flow to slow down in tortuous and

twisted flow paths.

See https://www.ramms.ch/ramms-debrisflow/friction-parameters/ for more

information.
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Continuation of exercise 3.5f: How to run a simulation

MuXi Tab

(1) Enter the friction parameters g and
€. Start first scenario simulation with
default values (u = 0.2, £ = 200
m/s?). More information on frictional
resistance is given in sections 4.3
and 6.1.

(2) Check box Define Additional MuXi
Areas: if you want to add polygon
regions with different u and ¢ val-
ues. e.g. to represent significant
changes in the channel, heavily for-
ested areas or perhaps smooth
roads. Load the corresponding poly-
gon shapefiles and define p and &
for up to two additional regions. Be
very careful in using this feature!

(3) Yield Stress: Define a polygon area
where you want to use an additional
yield stress (cohesion). Specify a
yield stress in the Yield stress (Pa)
field. See section 4.3 for more de-
tails about yield stress.

@ RAMMS | Run Simulation X

General Param§ Mu/X [Release Erosion

MU/XI FRICTION PARAMETERS | 7

r Friction Values

ims2) ]
o
|:| Define additional MuXi areas é 2
Shapefile 1 Shapefile 2
0= X
010
r Yield Stress (Cohesion)
Help about using Yield Stress ‘1? E 3
Be carefulin using the yield stress parameter! Mu and Xi have to be newly A
calibrated when using this parameter! w
ield stress zone: | o ﬁ X
Yield stress (Pa):
D Run in background Cancel RUN SIMULATION

Figure 4-54: MuXi Tab
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Continuation of exercise 3.5f: How to run a simulation - Hydrograph/Block release

Release - Hydrograph Tab

The default RELEASE mechanism for debris flows is a HYDROGRAPH.

(1) Use BLOCK release (Check box):
As an alternative to a simulation
with a hydrograph.

(2) Hydrograph Help

(3) Hydrograph/Release Shape-
file(s): Release shapefile(s). If
more than one shapefile is speci-
fied, a F button is shown. A
tooltip will show the additional
shapefile names when moving
the mouse over the button.

(4) Inflow direction (degrees): De-
fine the inflow direction of the
debris flow at the hydrograph in-
put location. Check Automatic to
let RAMMS set the inflow direc-
tion. Click the info button for a
detailed description of inflow di-
rection.

(5) 3-Point Hydrograph Calculation:

Define a discharge hydrograph
by entering total volume V (maxi-
mum discharge Qmax is calculated
automatically according to Rick-
enmann, 1999), corresponding
time at which the maximum oc-
curs (tmax) and velocity v. End
time (tens) Of the input hydro-

graph is automatically calculated.

(6) Edit hydrograph table (Check
box): Activates the table (7) and
is an alternative to a 3-Point Hy-
drograph Calculation (5).

@1,

General Params Mu/Xi Release || Erosion

RELEASE PARAMETERS 7 [0 Use BLOCK release

N1

r Release Information

Block Release
Hydrograph Parameters ¥ < 2
r Release shapefile(s) 3
No release shapefile specified! e
r Inflow direction —6—47

Inflow direction (degrees) 100 9 [J Automatic

r 3-Point Hydrograph + 5

Vol (m3) Qmax (m3/s) t1(s) v (m/s) t2(s)
10000 100 10 5 200.000

(O Edit hydrograph table é 6
Hydrograph-Plot Hydrograph-Table e 7

100
80

Q(m3/s)
&3
R A A A
selibieibonnle gl

D'|||||||||||||||||||
o 50 100 150 200

Time (s)

[ Run in background Cancel RUN SIMULATION

Figure 4-55: Hydrograph Tab
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Release - Block Release Tab

(1) Use BLOCK release (Check box):
Click this checkbox to do a block
release simulation.

(2) Block Release Help

(3) Subtract release height from
DEM (Check box): Subtracts the
release height from the DEM and
uses a new DEM for the calcula-
tion.

(4) Shapefile and Volume Infor-
mation: Overview of all used re-
lease areas with volume, depths

and delays, as well as the total
release volume.

@ RAMMS | Run Simulation

General Params  Mu/¥i ErDsionK 1
RELEASE PARAMETERS | § [] Use BLOCK release

r Rel Information

Hydrograph| Block Release
Block Release Information ‘? e 2

r Subtract Rel Depth
Subtract release depth from DEM e 3

- Shapefile and Volume Information

Filename Volume (m3) Depth (m) Delay (s)
release.shp 10166.30 1.00 0.0 o

<4

Total Volume (m3) 10166.30

I:‘ Run in kackground Cancel RUN SIMULATION

Figure 4-56: Hydrograph Tab
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Continuation of exercise 3.5f: How to run a simulation - Erosion

Erosion Tab

(1) Erosion Shapefile: Specify your

erosion shapefile area. © RAMMS | Run Simulation x
General Params Mu/X Release
(2) Erosion Parameters: Specify ero- EROSION PARAMETERS |
sion parameters. Use dropdown Erosion Shapefile Properties e 1
menus to select parameter values. erosion.shp o= X
See sectlop 4.9.3 for more details coson densty (o) —
about erosion parameters.
Ero=ion rate (m/s): | 0.025 |r-J|:|rmaI 2 v
Loo=ze, wet gediment
(3) Add to list button: Click the button Pl erosion cepin (per el ol _

. . Den=zely pacfed sediment
to add your erosion Shapef”e and Critical shear stress (kPa): mediim
parameters to your erosion list. Max erosion depth (m): i

(4) Erosion shapefile list: List of ero- pda snaperie (Y ot €= 3

sion shapefiles and parameters.

You can delete single entries or the Erosion Shapefile List

whole list with the buttons Delete i e | €= 4
and Clear List.

(5) Run Simulation button.

|

|:| Run in background Cancel RUN SIMULATION

Figure 4-57: Erosion Tab
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Continuation of exercise 3.5f: How to run a simulation — Start Simulation

e Click RUN SIMULATION.

e When a simulation is started, RAMMS opens a separate calculation window in
which the numerical solver is executed (Figure 4-58).
(1) General information of the simulation, (2) output file, (3) starting the calcula-
tion (4) for every time step RAMMS calculates the maximal values (height, ve-
locity and pressure) as well as the outflow mass, the moving momentum and the
flow volume.

EE cmd.exe /c E\RAMMS\DEBRISFLOW\Beispiele\ Test\ Test.out.bat - O X

input file...

lculation w 48689 nod 31 elements and 4
me is Mon N 14:084:02

\DEBRISFLOW\Beispiele\Test\Test.out...

MOVING MOMENTUM: 1@©.8 percent (

FLOW VOLUME: 1196.66 m3

Figure 4-58: RAMMS calculation window showing the progress and
status information during a simulation.

2918 Igor Pavlov 2818-11-18

S\DEBRISFLOW\Beispiele\Test\Test.out.gz

MS_USER_64bit_IDL85_1.7.@>del /F /Q E:\RAMMS\DEBRISFLOW\Beispiele\Test\Test.out

cho SIMULATION Test.out.gz FINISHED SUCCESSFULLY!

e eine beliebi Taste

Figure 4. 4-59: RAMMS calculation window showing a background simulation.
Press any button to close the window once the simulation finished.
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4.10.1 Run Batch Simulations

RAMMS can run several simulations automatically in batch mode. This is particularly
useful when many scenarios should be calculated unattended, for example overnight.

To start a batch calculation, select Track - New... - Run Batch Simulations.

Track Edit Input She Results GIS Extras Project Help
New... > Project Wizard Ctrl+W
Open... > Convert XYZ Data -> Raster Data
I Run BATCH Simulations I

Run BATCH Simulation (from Folder)

Export Raster Files from Simulations (Batch)

Export Raster Files from Simulations (from Folder, Batch)
Backup... >
Preferences Ctrl+P
Log Files... >
Activity Log >

Figure 4-60: Batch-Simulations

In the Batch Simulation window, you can then select any number of prepared RAMMS
input files and specify the maximum number of simulations that may run simultane-
ously.

For example, if you select 20 simulations and specify 4 computational cores, RAMMS
starts four simulations in parallel. As soon as one simulation is completed, the next
simulation in the batch is started automatically. This continues until all 20 simulations
have been calculated.

Input files may also be selected from different directories or projects. Optionally,
RAMMS can create a separate directory for each batch simulation.

Preparing Input Files for Batch Simulations

Before starting the batch calculation, prepare and save an input file for each simulation
scenario:
1. Open an existing input file from your RAMMS project.

2. Click the large green Run Simulation button in the left toolbar to open the Run
Simulation window.

3. Go through all tabs of the Run Simulation window and specify all required simu-
lation settings and parameters.

4. When all settings have been defined, click Cancel instead of starting the simu-
lation. The settings entered in the Run Simulation window are retained.
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5. Select Track » Save Copy As or click the corresponding Save Copy As button.
Save the scenario as a new RAMMS input file (.db2) using a meaningful file
name.

6. Repeat this procedure for every scenario that you want to calculate.

Once all input files have been prepared, select Track - New... - Run Batch Simula-
tions, add the desired input files, specify the maximum number of simulations that
should run in parallel, and start the batch calculation.

Tip: When running many scenarios, use descriptive input file names. This makes it eas-
ier to identify the corresponding simulations and results later.
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5 Results

Once the simulation is finished, the simulation as well as the output logfile (see next
section) are visualized in RAMMS (if you ran the simulation in background mode, see
Figure 4. 4-59, click any button inside the DOS window to close the window. After-
wards, open the simulation in RAMMS manually).

E
-
=
2
]
<
3
ret

Figure 5-1: Main window in output mode.

If mass flows out of the calculation domain (RAMMS will mention this in the logfile, see
example log file below) the calculation domain should generally be enlarged to ensure
that the relevant flow process is fully represented (see section 4.9.5).
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5.1 Log Files and Project information

5.1.1 Output Log File

After a simulation has finished, RAMMS automatically opens the Output Log File. The
logfile can also be opened later in Output Mode by selecting Project » Output Log
File.

The Output Log File provides a compact summary of the completed simulation and
should be one of the first places to check after a calculation. It contains information
about the calculation itself, the most important simulation results, and the input param-
eters used for the run.

At the beginning of the logfile, RAMMS reports which solver was used. Depending on
the calculation, this indicates whether the simulation was performed using the CPU or
GPU. For GPU calculations, the GPU model and the number of computational cells are
also listed. In the example logfile, the simulation was calculated using an NVIDIA RTX
2000 Ada Generation Laptop GPU with 73442 computational cells.

RAMMS also reports why the simulation was stopped. This information is particularly
important when interpreting the calculated runout. In the example logfile, the simula-
tion stopped because of low mass flux, which is good, after 345s. The simulation could
also stop, because the simulation reached the specified end time. RAMMS would then
issues a warning that the runout distance may increase if the simulation is repeated
with a longer end time.

The logfile then summarizes important information about the calculation, including:
e calculation time,
e simulation resolution,
e number of computational cells and nodes,
e calculated release or hydrograph volume,
e overall maximum velocity,
e overall maximum flow height,
e overall maximum pressure.

e Solver (GPU if available).
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| Q‘ RAMMS | Standard Qutput Log File = [m]
| File

| RAMMS::DEBRIS FLOW RAMMS OUTPUT LOGFILE
| Output filename: Test_2.1 GPU.out.gz

*** QUTFLOW volume detected: 3.66 m3 ***
Please enlarge your calculation domain!

=>>USING GPU SOLVER - NVIDIA RTX 2000 Ada Generation Laptop GPU, 73442 cells, forced by -gpu <<<
Simulation stopped due to LOW FLUX!

Simulation stopped after 345.000s
Calculation time (min.): 0.45

Simulation resolution (m): 5.00
SIMULATION RESULTS

Mumber of cells: 73442
Number of nodes: 74654

Calculated Release Volume (m3): 470248.
Overall MAX velocity (m/s):  53.0880

Overall MAX flowheight (m): 41.7817
Overall MAX pressure (kPa):  5636.66

RAMMS::DEBRIS FLOW 2.1.03 DEV INPUT LOGFILE

Date: Tue Sep 01 13:18:59 2026
Input filename: Test_2.1 GPU.db2

Project: Blatten
Details:

--- DEM / REGION INFORMATION ---
DEM file: Blatten.xyz

DEM resolution (m): 5.00
(imported from: dhm.tf

Nr of nodes: 200000
Nrof cells: 798201

Project region extent:
E-W: 2631995.0 / 2627000.0
5-N: 1138000.0 / 1141995.0

--- CALCULATION DOMAIN ---
small_domain.dom

--- GENERAL SIMULATION PARAMETERS ---
Simulation time (s): 2000.00

Dump interval (s): 5.00

Stopping criteria (momentum threshold) (%): 5
Constant density (kg/m3): 2000

--- NUMERICS ---
Mumerical scheme: SecondOrder
H cutoff (m): 0.000001

Curvature effects are ON!

--- RELEASE —
Depth: 10.00 m Vol: 473656.2 m3 Delay: 0.00 s Name: BlockRel.shp
Estimated release volume: 473656.19 m3

FRICTION MUXI:
Mu (): 0.100
Xi (m/s2): 400

COHESION:
Mo COHESION specified.

Figure 5-2: Example output log file.
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These values provide a quick overview of the simulation and can be used for an initial
plausibility check. The reported maximum values are the overall maxima reached any-
where in the calculation domain during the simulation.

The second part of the logfile records the input specifications used for this particular
simulation. This includes, among other information, the DEM and calculation domain,
simulation time and output interval, stopping criteria, density, numerical scheme, re-
lease or hydrograph definition, friction parameters, cohesion, and map or orthophoto
information. For hydrograph simulations, the logfile also records the individual hydro-
graph points with time, discharge, and inflow velocity.

The logdfile therefore provides an important record of both the simulation setup and
the resulting calculation and is useful when documenting, comparing, or reproducing
simulations.

5.1.2 Input Log File

The input information can also be viewed separately by selecting Project - Input Log
File (in Input-Mode).

The Input Log File contains the project and simulation settings stored in the currently
loaded input file, including the DEM, calculation domain, release or hydrograph defini-
tion, numerical and physical parameters, friction settings, and other simulation specifi-
cations.

5.1.3 Project Region Information

To view information about the spatial extent of the project, select the Region tab in the
RAMMS panel.

- Various

Files General Volumes || Region

- Project Region Information
X (m) 2628330.5 - 2631430.5 3.1km
¥(m) 1138208.5 - 11409985 2.8km
Z(m) 1467.8 - 35925  2.1km
Area 1.236 (km2, projected)

Figure 5-3: Project region information showing the X-, Y- and Z-extent
and the total project area.

The Region tab displays the minimum and maximum X- and Y-coordinates of the pro-
ject area, corresponding to its spatial extent in the horizontal plane. The minimum and
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maximum terrain elevation are shown as the Z extent. RAMMS also displays the total
projected project area in km?2.

These values refer to the complete project region defined when the project was cre-
ated and not necessarily to a smaller calculation domain used for an individual simula-
tion.

5.2 Visualization and analysis of the results

This section provides a brief overview of the tools available in RAMMS for visualizing
and analyzing simulation results. The results should be interpreted by experienced us-
ers who are familiar with the local topographic and meteorological conditions of the
study area.

As with any numerical model, RAMMS represents a simplification of reality. Simulation
results should therefore be critically evaluated and interpreted in the context of the
model assumptions, input data, and local conditions. We strongly recommend perform-
ing sensitivity analyses to assess the influence of relevant model parameters on the
results.

5.2.1 Maximum Results and Dump-Step Results

RAMMS provides two different types of simulation results:

Maximum results show, for each computational cell, the highest value reached during
the entire simulation. For example, the Max Flow Height map contains the maximum
flow height attained at each location at any time during the calculation. The same ap-
plies to every Max-Result.

These maximum-value maps are therefore not snapshots of the flow at a particular
time. The maximum at one location may occur early in the simulation, while the maxi-
mum at another location may occur much later.

In addition, the maxima of different result quantities do not necessarily occur at the
same time. For example, the maximum flow height at a particular cell may occur at a
different time than the maximum velocity or maximum pressure at that cell. Maximum
maps should therefore generally be interpreted independently.

Dump-step results, in contrast, represent the state of the simulation at a specific sim-
ulation time. RAMMS stores these results at the specified dump interval. For example,
with a dump interval of 2 s, results are stored at approximately 0, 2, 4, 6 s, etc.

Each dump step contains the spatial distribution of quantities such as flow height, ve-
locity and pressure at that particular time. By displaying the dump steps consecu-
tively, the temporal evolution of the flow can be visualized as an animation.

Note: Maximum results and dump-step results serve different purposes. Maximum
maps are particularly useful for identifying the largest loading or flow intensity reached

73



CHAPTER 5: Results

at each location, whereas dump-step results are used to analyze the temporal devel-
opment and dynamics of the flow.

Values from different maximum maps should not automatically be combined, because

their respective maxima may have occurred at different simulation times.

5.2.2 Visualize different parameters

The drop-down menu Results offers the following functions:

e Flow Height @
e Flow Velocity

e Flow Pressure

e Flow Momentum
e Erosion

e Max values

O

@)

O

o

o

o

Height @
Velocity @)
Impact Pressure |@|

Line Load @ (see section 5.3.2)
Momentum

Shear Stress

Erosion

e DEM Adaptions (Add Deposition to DEM)
¢ Flow Analysis (Summary of Moving Mass)
e Friction Values (u, &)

These results are all visualized in the topography. See exercise “Displaying calculation
values” below.
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Exercise 4.2a: Displaying calculation values

The maximum values of flow height, velocity and pressure give a good overview of the
dimension of the debris flow. You find them here: Results - Max values...

— Max flow height @_
— Max flow velocity @) -
— Max impact pressure ®

-4“:wRe‘§uIts: Maximum values bf?}ow height (Ieft),y
velocity (middle) and impact pressure (right)

Figu}e

The flow height can be visualized exaggerated by the flow height (quasi-3D). Use the
View radio-buttons to toggle between flat (no exaggeration), and real (quasi-3D), see
figures below.

PARAMETER: Flow height (m)

r MIN / MAX / COLORS ——— TRANSPARENCY / CONTOURS
MAX 6.08 0 Transparency %
0 — [ ]
MIN 0.00 @ X
Simulation Contour Lines
COLORS 50 i @
© <o

View O flat O real

Figure 5-5: Toggle between flat and real view (quasi-3D).
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)‘m e )\

AN Fy AV, ; A '\\
Figure 5-6: Quasi 3D-Visualization of flow height

(left: flat; right: real).

5.2.3 Line profile plot and time plot

In the horizontal toolbar you find two further functions:

e Line Profile A
e Time Plot Y.

Line profile plot

A line profile is a good analysis tool, if the flow height, velocity or pressure should be
known at a specific location. The graph shows the currently active parameter. Every
line profile is saved in the file profile.shp in the project directory. If you want to keep
this line profile, you have to save it, see exercise “How to draw a line profile” below.

Time plot

This function provides a time plot at a single point. This is helpful when it is of interest
to know the values and maximum values at a specific location (e.g. at a building, dam,
or a tree) through time. Every point is saved in the file point.shp and a point-info file
point_info.txt is additionally saved in the project directory. If you want to keep this
point, you have to save it, see exercise “How to create a time plot” below. The point-
info file can be visualized with Extras - Point... » View Point Info File.

Flow discharge plot

The Results » Discharge at Line Profile tool calculates the debris-flow discharge
across a user-defined line profile and displays the resulting discharge hydrograph over
simulation time. For each grid cell intersected by the profile, the local flow depth and
flow velocity are multiplied by the exact length of the profile within that cell. The contri-
butions from all intersected cells are summed to obtain the total discharge in m3/s. The
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profile should therefore be drawn approximately perpendicular to the main flow direc-
tion. Results are shown as a function of simulation time in seconds and are also exported
to a CSV file in the project folder.

Exercise 4.2b: How to draw a line profile

a) Draw a new line profile:
e Switch to 2D mode by clicking

e Activate the project by clicking on it once, then click IS or choose Extras >
Profile » Draw New Line Profile

e Define the line profile in the same way you specify a new release area. Finish the
line profile with a right-mouse click.

e Calculate flow discharge? Answer with YES, and the flow discharge is calculated
and shown in the line profile plot, see below (Beware: this can be time consum-
ing!).

¢ A window opens, displaying the line profile.

B RAMMS Line Profile Plot - Flow height (m) — O x>

Sirmulation: Wildibach (t=105.00s)

E Cischarge = 90.40 m3/s —- 1620
3 i
- — 1800
E E ] 2
® r — 1880 =
Do = 9
2 F i 2
x R =
o F — 1560 <
[ - .
1 5
o — 1540
- 1520
O Cil i IIIIIII\III\III \||I|||I|—
0 10 20 30
Proj. Distance (m)
SHE- XO-W-1T-2-X-4A-/- 1473,52]

Figure 5-7: Line profile plot, with calculated flow discharge.

— Filled grey area active parameter (scale on left side).

— Redline active parameter (multiplied by 50) added to
the track
profile (altitude, scale on the right side).
— Black line track profile (altitude, scale on the right side).
— Bottom scale projected profile distance (in m).
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e If you change the active parameter, min or max values or the dump-step in
RAMMS, the plot is directly updated. You can also start the simulation and then
watch the time variations in your line profile plot.

e It makes sense to either draw a profile line perpendicular to the flow direction or
draw the line along the flow path. Basically, every profile path is possible.

Continuation of exercise 4.2b: How to draw a line profile

Simulation: lligraben_m3

Simulation: lligraben_m3

1000
950

950

15 -
N 900 E

Max height ()
Altitude (m)
Max height (m)
=
Altitude

900 850

850 800

0 200 400 600
Proj. Distance (m)

(= Nl

0 20 40 60 80
Proj. Distance (m)

Figure 5-8: Line profile perpendicular to Figure 5-9: Line profile along the debris
debris flow direction. flow direction.

e To save the coordinates of the points belonging to the line profile, go on Extras -»
Profile -» Save Line Profile Points and enter a file name.
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e To save the line profile parameters (distance in m and the active parameter, e.g. the
flow height in m) at the current dump-step, go on Extras - Profile -» Export Profile
Plot Data and enter a file name.

Continuation of exercise 4.2b: How to draw a line profile

b) Load an existing line profile:
e Switch to 2D view by clicking

e Activate the project by clicking on it once and click IS or choose Extras - Pro-
file » Draw New Line Profile

e Click the middle mouse button once

¢ A window pops up and you can browse for the line profile you wish to open

Exercise 4.2c: How to create a time plot

a) Select time plot point:
o Click Y@ or choose Extras - Point » Choose Point
e Click into the map at the point where you want to create a time plot.
¢ A window opens, displaying the time plot at the point of interest (active parame-
ter vs. time). Flowheight is always combined with Velocity, whereas Velocity,
Pressure or Momentum are always combined with Flowheight.

B RAMMS Time Plot - O x
Simulation: Test_CenterMassStopping
A0 - — 10
B £ »
" 1 S |
[ 5 Flow height B
25 :_ - \\ - — = Velocity g
= 20 — i
£ - 5 W
£ N L © E
2 18F N
[ B 0
3 = 4 g
o B =
10 i
- 2
06— B
N J |
- I |
0o 11 L9 bvra b b by 0
0 50 100 150 200 250 300
Time (g)
gH@v|%nvﬁhv - - - - - [278,508]

Figure 5-10: Time plot window.
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e To save the point coordinates, choose Extras - Point - Save point Location
and enter a file name

e To save the time plot data (time in s and the active parameter, e.g. the flow
height, for every dump-step), choose Extras - Point -» Export Point Plot Data
and enter a file name.

Continuation of exercise 4.2c: How to create a time plot

b) Load a time plot:
e To reopen the time plot graph window of the last selected point, use
Extras - Point - Create Point Time Plot

e To open an arbitrary time plot that was saved any time before, click ’@.
e Click the middle mouse button once.
¢ A window pops up and you can browse for the time plot file you wish to open.

c) Enter point coordinates and get a time plot:
e Go to Extras - Point -» Enter Point Coordinates (X/Y)
e Enter X-coordinates of your point of interest. Click OK.
e Enter Y-coordinates of your point of interest. Click OK.
e The time plot opens.

5.2.4 Deposition analysis

The Deposition analysis tool can be used to determine the volume of simulated material
located within a user-defined region of interest (ROI) at a selected simulation time. The
ROl is defined by a polygon shapefile.

The analysis is based on the flow height results of the currently selected time step.
RAMMS identifies the simulation grid cells located within the polygon and calculates the
corresponding material volume. The contributions of all grid cells within the ROI are
summed to obtain the total deposition volume.

To perform a deposition analysis:

e Select the simulation time to be analyzed using the time slider.

e Load or create a polygon shapefile defining the region of interest.
¢ In the Files tab, right-click the polygon shapefile.

e Select Deposition analysis.

The polygon used for the analysis is shown in the map view (Figure 5-11).

The resulting analysis window (Figure 5-12) reports the total deposition volume within
the polygon for the selected simulation time. In addition, statistical information about
the flow heights within the analyzed region is provided, including the minimum, mean,
median, and maximum flow height and the number of data values considered.
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The analysis can, for example, be used to estimate the amount of debris accumulated
within a deposition area, retention basin, channel section, or other user-defined region.

Note: The calculated volume represents the simulated material located within the se-
lected polygon at the selected simulation time. It should therefore not automatically be
interpreted as the total volume that has passed through or entered the region during
the entire simulation.

Various

Files  General Volumes Region

[ Shapefiles, MuXi-Files and Domain-Files

+c
=8 Polygon
B3 slockrelease.shp (input)
121 domain.shp
.t
D& Domain Shapefile properties

Import attributes from shapefile

Set as barrier (net)

Remove barrier (net)

Deposition analysis

Delete

AU

Time (s): 70.00

Figure 5-11: Deposition analysis of region of interest.

L} Deposition Analysis - Test DBF.out.gz X
Save Save As... Close
Deposition Analysis =

Determine the volume of simulated material located within a user-defined
region of interest (ROI) at a selected simulation time.

Date: Mon Aug 24 13:03:09 2026
Project: Test

Output Filename: Test DBFout.gz
ROI: catchment.shp

Time: 70.00 s

Flowheight Analysis:

Total volume within ROI: 13998.19 m3 I

Min flowheight: 0.026 m
Mean flowheight: 3.322 m
Median flowheight: 3.247 m
Max flowheight: 8.50 m

Nr data values: 249

Figure 5-12: Result of a deposition analysis. Total deposition volume (m?3)
as well as some statistical values are shown (min, mean, max).
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5.2.5 Google Earth Export

RAMMS simulation results can be exported for visualization in Google Earth. This al-
lows the simulated flow extent and result values to be viewed together with satellite
imagery and the three-dimensional terrain representation available in Google Earth.

Google Earth must be installed on the computer to use this feature.
RAMMS exports the currently visualized result as two files:
o aPNG image containing the displayed RAMMS result, and

o a KML file defining the geographic position and extent of the image in Google
Earth.

The PNG image is displayed in Google Earth as a georeferenced ground overlay.
Google Earth Options

Before exporting a result, the Google Earth Options should be configured according to
the coordinate system of the RAMMS project (Figure 5-13). Correct projection infor-
mation is required to transform the RAMMS project coordinates to the geographic co-
ordinates used by Google Earth.

For projects in Switzerland, the default settings can normally be used directly.

For projects outside Switzerland, select the appropriate Projection and Spheroid for
the project coordinate system. Depending on the selected projection, additional infor-
mation such as the UTM zone or projection parameters may be required.

Important: Incorrect projection settings may cause the exported result to appear at
the wrong location or to be spatially shifted in Google Earth.
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€ RAMMS Map Options e

- Projection

For UTH, the zone number should be in the range
of 450 to -1 (Southern Hemisphere) or 1 to 60
(Morthern Hemisphere).

Projection: | Switzerland 32 w7
Bessel 1841
- Projection Parameters
0.0000
0.0000
0.0000
0.0000

r Google Earth View Parameters

View distance (meters): 2000.0
Inclination (degrees):

(0%:wertical | 90°:horizontal view )

Rotation (degrees): III

(0°%:M | 90%:E | 18055 | 270%:W)

Cancel 0K

Figure 5-13: Google Earth Options dialog. Specify the coordinate system of the
RAMMS project and the initial Google Earth viewing parameters.
Projection settings

The Projection field specifies the projection used by the RAMMS project. Available
projection types include Switzerland, UTM, and State Plane.

For a UTM projection, specify the corresponding UTM zone. Zone numbers from 1 to
60 are used for the Northern Hemisphere and -1 to -60 for the Southern Hemisphere.

The Spheroid field specifies the reference ellipsoid associated with the project coordi-
nate system. Select the spheroid corresponding to the coordinate reference system of
the project.

Depending on the selected projection, additional values can be entered in the Projec-
tion Parameters section.

Figure 5-14 shows the available selections for Projection and Spheroid.
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Projection:

Spheroid:

Spheroid: | Bessel 1341 o
Clarke_1865
| Pro-jection F C.Iarke_1 230
International 1567
e nternational_1000
WGS5_72
Center Lon Everest
WGES_66
Semimajor| aps 1980
Airy
Semiminor | Modified_Everest
Modified_Airy
——'Walbeck
-Google Eary southeast Asia
Australian_National
View distd Krassovsky
Hough
Inclination | Mercury_1560
Modified_Mercury_ 1968
(0% vertical Sphere
UTH ~|  Rotation (4 ﬁzxﬁﬁr‘énﬁ
Switzerland (0°:N | 90°:§ Modified_Fischer_159G0
UTM South_American_1969
T |wes 1984

| —

| Canc

Figure 5-14: Available Projection and Spheroid selections for the Google Earth

If you are unsure which settings to use, click the Help button

export.

?

in the Google Earth

Options dialog for additional information on the required projection parameters.

Google Earth view parameters

The Google Earth View Parameters control the initial viewing position when the ex-
ported result is opened in Google Earth. They do not affect the geographic position of

the exported result.

The following parameters can be specified:

90° to a horizontal view.

and 270°

west.

View distance - initial viewing distance from the result.

Rotation - initial viewing direction, with 0° = north, 90° = east, 180°

Inclination - initial viewing angle, where 0° corresponds to a vertical view and

south,

These parameters only define the initial view and can subsequently be changed freely

in Google Earth.
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Exporting a result

After the Google Earth settings have been defined, visualize the simulation result and
simulation time you want to export.

Then select: Extras - Google Earth... - Export Result to Google Earth

RAMMS creates a KML file together with the corresponding PNG image of the currently
displayed result. When the KML file is opened in Google Earth, the result image is posi-
tioned at the corresponding geographic location and displayed as an overlay on the
terrain.

Figure 5-15 shows an example of a simulation result visualized in RAMMS and the cor-
responding result exported to Google Earth.

Note: The KML file references the corresponding PNG image. Both files are therefore
required for the exported result to be displayed correctly in Google Earth.

.~ |mage © 2022 Maxar. Technologies x
e Image Landsat / Copernicus

Image © 2022;Maxar Technologies:
-~

Figure 5-15: Example of a simulation result visualized in RAMMS (left) and exported
as a ground overlay to Google Earth (right) (Google Earth imagery © Google,
Maxar Technologies, Landsat/Copernicus).
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5.2.6 Exporting video, GIF animation or image files

Video animation

It is possible to use FFmpeg to export videos. FFmpeg is a leading Open-Source multi-
media framework. FFmpeg is not bundled with RAMMS due to licensing constraints. You
therefore have to download the ffmpeg-binary yourself, by following this procedure
once:

1. Download FFmpeg: Visit the official FFmpeg builds page ->
https://www.gyan.dev/ffmpeg/builds/

2. Choose the correct version: Download the archive named “ffmpeg-release-essen-
tials.7z” or “ffmpeg-release-essentials.zip”

3. Extract and locate ffmpeg.exe: After extraction, find ffmpeg.exe inside the bin
folder.

4. Copy ffmpeg.exe to the “bin” folder of your RAMMS installation (You may need ad-
ministrator privileges to copy files into this location).

5. If you do not have administrator privileges, then copy ffmpeg.exe to any location on
your computer, and then add the full path to the ffmpeg.exe file in the GUI Prefer-
ences like this:

FFMPEG <full_path_to_ffmpeg.exe_file> (without <>)
(if the path contains blancs, you need “ ")

Once added, RAMMS will automatically detect it and enable video export functionality.
GIF animation

Creating a GIF animation is only possible in output mode. Click ©D 51 choose Track >
Export... > GIF Animation. Enter a file name and location and wait until the simulation
stopped. As soon as the simulation finished, the GIF animation file is saved. In the Pref-
erences (debris flow tab) you can define the interval for the GIF animation (GIF animation
interval [s]).

Image

It is possible to export your results as an image in different formats (e.g. .png, .jpg,

.gif, .tif etc.). Click 68 or choose Track - Export... > Image File and define a file name
with the corresponding extension. An image of the visible part in the viewer will then be
exported.
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5.3 Impact Pressures

5.3.1 Visualization of Impact Pressures

There are two possibilities to visualize debris flow impact pressures and line loads. The
first is to display maximum pressures over the entire simulation time and domain
(Figure 5-17), the second is to display the impact pressure at a specific time.

Maximum pressures and maximum line loads

Maximum pressures (kPa) are displayed using the green P icon found in the upper bar
of the graphical interface (see Figure 5-16). Maximum pressures are calculated using
C,; = 2 and therefore represent impact pressures on wide objects (Figure 5-17). The
pressures can be scaled by setting the MAX and MIN settings in the display tab. Maxi-
mum pressures on thin objects can be found by dividing the maximum pressures by 2.

To display maximum line loads (MN/m) use the blue L icon found next to the pressure
icon (Figure 5-16). Similar to the maximum pressures, maximum line loads are calcu-
lated with C,; = 2.

4 &
Pressure (kPa) Line load (MN/m) ‘ -]

AB. OWOOOO '« B We
PR

Figure 5-16: Maximum pressures and line loads can be displayed using the
green P button (C; = 2) and blue L button(C, = 2).
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Figure 5-17: Spatial distribution of maximum pressures using the green P icon.

Pressures and Line Loads at a Specific Time and Location

It is also possible to display pressures on wide or narrow objects at a specific time.
This is accomplished by selecting Impact Pressure (Wall, Cd=2), Impact Pressure
(Thin Object, Cd=1) or Line Load (Cd=2) in the results menu (Figure 5-18).
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Figure 5-18: Calculated pressures on wide and thin objects at a specific time can
be displayed using one of the pressure options in the results menu. The time is set
using the time-slider.

The point info button . can then be used to select a point in the calculation do-
main to plot the entire time history of a pressure at that specific location (Figure 5-19).
Once the plot has been created it is then possible to export the numerical results.
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Simulation: Test DBF Erosion
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Figure 5-19: Example of a time-history plot of a impact line load. The
line loads are depicted with the flow height (dashed line).

5.3.2 Impact load per unit width

RAMMS calculates a mean, distributed load according to

14 1 =112
p =ph=§ph Cqllull*,

where h is the flow depth measured normal to the terrain, and u the depth-averaged
flow velocity. As this measure is typically used for long walls, we take C; = 2 and there-
fore

p' = phllull®.

The resulting quantity p’ has units of force per unit width (kN/m). The values of h and u
are determined at each simulation time step and therefore the load varies with time
p'(t). RAMMS does NOT calculate the load from the product of the independently de-
termined maximum pressure and maximum flow depth.

The impact pressure (kPa, kN/m?2) includes flow speed but does not distinguish between
a very shallow and a very deep flow. Multiplying by the flow depth integrates the impact
pressure over the depth of the flow, resulting in a line load in kN/m..
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Table 3: Example for p = 2000 kg/m?®. The faster, shallow flow has the higher
impact pressure, whereas the slower, deeper flow has the higher depth-integrated
impact load.

Flow depth h Velocity v p = pv2 hxp
0.5m 10 m/s 200 kPa 100 KN/m
3.0m 5m/s 50 kPa 150 kN/m

For a structure oriented perpendicular to the flow, it can be used as a first-order esti-
mate of dynamic line loading. For structures with arbitrary orientation, the velocity
component normal to the structure should be used.

The formula for p’assumes that the height of the flow does not change at impact. If at
impact, the height increases, then the load can be reduced. The resulting line load can
be integrated over the width of the object to find the overall total force acting on the
structure.

5.4 Stopping criteria

RAMMS provides two independent criteria for determining when a simulation has come
to a stop:

1. Momentum-based stopping criterion: Percentage of total momentum (%)
2. Center-of-mass stopping criterion: Center-of-Mass vel threshold (m/s)

Both criteria can be specified in the Run Simulation window (Figure 4-52). If both cri-
teria are active, RAMMS stops the simulation as soon as either one of the two criteria
is fulfilled. A value of O can be used to disable the corresponding stopping criterion

Stop Criteria

Percentage of total momentum (% ): ?
Center-of-Mass vel threshold (mis): ?

Figure 5-20: Momentum-based and center-of-mass stopping criteria
in the Run Simulation window.

The appropriate stopping criterion depends on the simulated process and should al-
ways be checked critically. In particular, the stopping behavior may depend on terrain,
release volume, friction parameters, and the geometry of the runout area.

5.4.1 Momentum-based stopping criteria

The standard RAMMS stopping criterion is based on the total moving momentum of the
simulated mass.

In classical mechanics, momentum p is defined as the product of mass and velocity
(Sl unit kgm/s, or, equivalently, Ns):
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p=mv

During the simulation, RAMMS determines the moving momentum of all computational
cells at every output step and calculates their total. The largest total momentum
reached during the simulation is used as the reference value.

The current moving momentum is then expressed as a percentage of this maximum:

Moving momentum (%) = 100 * M) / Mumax

where M(t) is the total moving momentum at the current time and M, is the maxi-
mum total momentum reached during the simulation.

When this percentage falls below the user-defined Percentage of total momentum
(%) threshold, RAMMS considers the flow to have stopped and terminates the simula-
tion.

The development of the moving momentum can be inspected after the simulation by
selecting: Results » Summary of Moving Mass

The Moving Mass & Momentum Analysis window shows the temporal development of
the moving momentum and flow volume and allows the selected stopping threshold to
be evaluated (Figure 5-21).

g e R ) o s & Moo e R =
OK
MOVING MASS Moving Momentum
The stopping crtesa in RAMMS s based on the momertu. n classical mechanics, momentum i the product of the mass and velocty of an object = | 100.00 LLERRRY X | RASDIASRAL AL MR
). - 1
For every DUMP STEP, we sum the momenta of all gid cells, and compare & with the maimum momentum sum. ¥ this parcentage is lower than a user * 8000 =
Gefined threshold valus (see below), the program is aborted and the avaianche is regarded as stopped o 1
Threshold vakues between 1-10% bt ths is only a and must be ¥ hansef § 60.00 B
a H 3
Time (s) Flow Volume (n3) Max Momentum {n2/s) Flow Momentum {n2/s) Percent % o 4000 H o
356552 0221 47000 s ]
10.1326 148728 356952 110621 31.0000 Sg 20.00 (- =
150277 148728 35695.2 8996 80 w200 M £ 2 Feeee-sSooTToTT=T===T== <
200184 148728 356952 810350 27000 000 bttty L I
25071 148728 356352 704590 19.7000 0 500
3014959 148728 35632 6551.30 18.4000
B153 148728 35695.2 6381.70 17.9000
0.12% 148728, 356952 628360 176000 14872800 .
451671 148728 35695.2 613580 17.3000 3
50,0462 148728 256952 609560 17.1000 14872750 =
55105 148728, 356952 600140 16.8000 4
601700 148728 356952 520 166000 2 148727.00 |- =
65.0608 148728 356952 5869.10 16.4000
3 14 = 3
70.1421 148727. 35695.2 5801.30 16.3000 K] 14672650
750525 168727, 356952 s7240 16.1000 2 14872600
201572 148727 356952 568570 15,9000 _3 E
850935 148727. 356952 5638.40 15,8000 T 14872550 |- E
900451 148727, 356952 558950 15.7000 o g sqadlay e '
950136 148727 366952 554470 155000 148725000 100 200 300 400 500
100,001 148727. 356%5.2 5506.40 15.4000 Time (s)
il '. &
& bl (S 7 1155
- = — o)

Figure 5-21: Moving Mass & Momentum Analysis used to evaluate the stopping
behavior of a simulation.

Threshold values of approximately 1-10% may provide reasonable starting values.
However, there is no universally valid value, and the stopping behavior should be
checked for the individual simulation.

A threshold that is too large may terminate the simulation prematurely while relevant
movement is still occurring. A threshold that is too small, on the other hand, may
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unnecessarily prolong the calculation and allow very small residual velocities, numerical
diffusion, or slow creeping of material to continue for a long time.

RAMMS::DEBRISFLOW Time Plot - Velocity (m/s)
threshold: 0% 0.25 FRFTTTT T T TT T T T T T [TT T T T [T T T T T[T T T T T+
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Figure 5-22: Example of residual low-velocity movement when the momentum-based
stopping criterion is disabled (threshold = 0%). Very small velocities may persist for a
long time even though the main flow mass has effectively stopped.

Because block release simulations (the entire debris flow material starts to flow at the
same time) usually show larger values for the total maximum momentum than hydro-
graph simulations (controlled inflow of debris flow material into calculation domain), the
threshold values for block release simulations could be set smaller than the threshold
values for hydrograph simulations in some situations (see Figure 5-23 and Figure 5-24).
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Figure 5-23: Influence of the momentum threshold on a hydrograph simulation. In this
example threshold values <5% lead to numerical diffusion of the simulation results. A
threshold value of 5% provides a reasonable stopping behavior.
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Figure 5-24: Influence of the momentum threshold on a block release simulation. In this
example threshold values <2% lead to numerical diffusion of the simulation results.
Threshold values of 2-3% provide a reasonable stopping behavior .

The Output Log File records which stopping condition terminated the simulation. If
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instead the prescribed simulation end time is reached, verify that the calculation time
was sufficiently long. If necessary, increase the simulation end time and repeat the cal-
culation.

5.4.2 Center-of-mass stopping criteria

The center-of-mass stopping criterion provides an alternative way of identifying when
the bulk of the simulated mass has come to rest.

During the simulation, RAMMS periodically calculates the position of the center of mass
(COM) of the moving material. From the distance traveled between successive center-
of-mass positions, RAMMS determines the corresponding center-of-mass travel speed.

The user specifies a threshold using: Center-of-Mass vel threshold (m/s)

When the center-of-mass travel speed falls below this threshold, RAMMS considers the
flow to have stopped and terminates the simulation.

This center of mass is weighted by each cell's momentum (height x velocity), not by
flow height alone. This keeps the calculation focused on material that is actually still
moving: a cell that has deposited and stopped contributes essentially nothing to the
center of mass, regardless of how deep the deposit is, so a large stationary deposit
cannot mask a smaller, faster-moving flow front that is still advancing.

This approach can be useful because it represents the movement of the bulk of the flow
rather than being controlled by small amounts of material that may continue to move
slowly at the margins or at the flow front. It can therefore help prevent simulations from
continuing solely because of numerical diffusion or very slow residual creeping.

The center-of-mass criterion is most appropriate for simulations representing one co-
herent debrisflow path or catchment.

It should generally not be used when several independent debrisflows or release ar-
eas in different catchments are simulated simultaneously. In such a case, a single
global center of mass does not meaningfully represent the stopping behavior of the in-
dividual flows. Set the center-of-mass velocity threshold to 0 m/s to disable this crite-
rion.

For important applications, it can be useful to compare simulations with and without the
center-of-mass stopping criterion and verify that the selected threshold does not sig-
nificantly influence the relevant runout or intensity results.

During the calculation, RAMMS also writes the current center-of-mass coordinates and
travel speed to the RAMMS calculation window (see Figure below). The same infor-
mation can be reviewed afterwards by selecting: Extras - View Simulation Standard
Output Log.
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FLOW VOLUME:

Figure 5-25: Center-of-mass position and travel speed reported in the RAMMS
calculation window during a simulation.
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5.5 Barrier retention results

To review how much volume was retained: select the Barrier Retention Height result
parameter and animate the simulation, or check the retained-volume Volume Plot. Re-
tained volume is also shown in a dedicated results panel.

t Show Run Results GIS Extras Project Help
Flow Height
2, m 37 100% «| A
= Flow Velocity

Flow Pressure

r Various

Flow Momentum Files General Volumes Region
Eiosicn r Volume and Release Information
l Barrier Retention Height I <
Proj rel area (m2) 56992.0
Max Values...
Incl rel area (m2) 59677.6

Discharge at Line Profile

Add Deposition to DEM Hydrograph volume (m3) ~ 10007.3

Subtract Erosion from DEM Flow volume (m3) 8192.9
Add Topographic Changes (Erosion/Deposition) to DEM

Eroded volume (m3) 0.0
Summary of Moving Momentum

Outflow volume (m3) 0.0
Mu

Xi

Retained volume (m3) 1809.8 (Barriers)

Grid Cell Area

-
Update debris volume J A‘

Figure 5-26: Left: select Results - Barrier Retention Height to visualize the
retained flow. Right: the Volumes tab reports the total retained volume (here
1809.8 m?,
labelled "Barriers").

Barrier information (parameters and final retained volume) is also written to the simula-
tion's output log file.

5.6 Modifying the DEM for subsequent simulations

5.6.1 Adding structures to the DEM

RAMMS allows the user to modify the digital elevation model (DEM) by locally increas-
ing the terrain elevation. This can be used to represent simplified mitigation structures
such as deflecting or catching dams.

The structure is represented only as a modification of the terrain topography. RAMMS
does not explicitly model the interaction between the flowing mass and the structure.
Consequently, processes such as impact, energy dissipation at the structure, deposi-
tion or accumulation in front of the structure, overtopping, and possible failure of the
structure are not represented in a physically complete manner.
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Important limitations

The Add DAM to DEM functionality must therefore be used with great care.

RAMMS should not be used to dimension a deflecting or catching dam solely on the
basis of a simulation containing the dam, nor should such simulations be used directly
to quantify the residual hazard downstream of a mitigation structure.

Important aspects of dam design, including structure geometry, impact loading, energy
dissipation, deposition in front of the structure, freeboard, overtopping, and structural
stability, must be evaluated using appropriate engineering methods and guidelines. Ex-
amples include Johannesson et al. (2009), Rudolf-Miklau and Sauermoser (2011), and
Rickenmann (1995).

RAMMS is, however, well suited to determine important input parameters for mitigation
design, such as flow depth, velocity, discharge and impact pressure upstream of the
planned structure. A modified DEM can additionally be used to investigate qualita-
tively how a proposed structure may redirect the simulated flow or alter potential flow
paths.

Exercise 4.3a: How to create a modified DEM containing a dam

A dam can be introduced into RAMMS by creating a polygon shapefile defining its loca-
tion and then increasing the DEM elevation within this area.

e Create a polygon shapefile at the location of the planned dam.
For a simple dam, one polygon is sufficient. To represent a dam with an interme-
diate elevation or a more gradual transition between the surrounding terrain and
the dam crest, a second polygon can be defined.

XTSRS RR A
S AR AR AT T T I TTI L

Figure 5-27: Polygon shapefile defining the location and extent of a planned dam.
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e Select GIS - Add DAM to DEM...

RAMMS provides two options:

- Enter Relative Dam Height - raises the DEM by a specified height relative to
the existing terrain

- Enter Dam Elevation - assigns a specified absolute elevation to the dam

You will first be asked to select the dam shapefile (*.shp). Select the polygon defining
the structure. RAMMS then asks whether a second dam shapefile should be used:

e Select No if the dam is defined by a single polygon.
e Select Yes to load a second, inner polygon and create a two-level representa-
tion of the dam.

Depending on the selected option, enter the required dam height or dam elevation. If
two polygons are used, also specify the intermediate elevation or height associated
with the outer polygon.

e Finally, enter a name for the new XYZ file. RAMMS creates a new terrain file in
the project directory containing the modified topography. The original DEM re-
mains unchanged.

Figure 5-28: Modified DEM after adding the dam geometry defined by the
polygon shapefile. The structure is represented by locally increasing
the terrain elevation.

Run the simulation with the modified DEM

To use the new terrain in a simulation, open the Run Simulation dialog and select the
newly created XYZ file under Digital elevation info.
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General Params Mu/X Release Erosion

GENERAL SIMULATION INFORMATION
r SCENARIO Name

| MWanual_Example

[[]save Max Valses Only ("_Max" will be appended to the output name)

r Additional Information
Project name: Wikdibach

Exampée simulation for manual
Details:

Caleulation domain: | wnmcn_5m_uu_neegnum)_envelooe.:| i )

Digital elevation info: [ Widibach.xyz ] o

r Stop Criteria
Percentage of total momentum (%): | 500 | ¢
Center-of-Mass vel threshold (m/s): | 0.50 | ¢

Figure 5-29: Selecting the modified XYZ terrain file containing
the dam in the Run Simulation dialog.

Compare simulations with and without the structure

It is generally advisable to run both:

e areference simulation using the original DEM, and
e a simulation using the modified DEM.

Comparing the two simulations makes it possible to investigate how the topographic
modification affects the simulated flow path, runout and spatial distribution of flow
depths and velocities.
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Figure 5-30: Example comparison of simulated maximum flow depth without
mitigation structures (top) and with two dams represented in the DEM (bottom).
The arrows indicate the locations of the upper and lower dams.

Numerical limitations when representing dams

The reliability of a modified-DEM simulation depends strongly on the orientation and
geometry of the structure.

RAMMS can generally reproduce the guiding or deflecting effect of structures ori-
ented approximately parallel or oblique to the main flow direction reasonably well.
Greater caution is required for structures extending across the main flow direction,
particularly catching dams or nearly perpendicular barriers.

There are two main reasons.

¢ Missing impact and energy-dissipation processes

A dam introduced using this method is treated as terrain. The model does not
explicitly describe the collision of the flowing mass with the structure or the as-
sociated energy dissipation.

Consequently, unrealistically large flow depths or velocities may occur immedi-
ately upstream of steep or nearly vertical topographic steps. Such local values
should therefore not be interpreted directly as physically meaningful loads on
the structure.

¢ Influence of numerical resolution

The numerical solver uses information from neighbouring computational cells.
Very narrow structures or abrupt elevation changes represented by only one or
very few grid cells may therefore not be adequately resolved.

The representation of a dam should consequently be consistent with the DEM
and computational grid resolution. Extremely steep, one-cell-wide structures
should be avoided whenever possible.
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Figure 5-31: Cross-sections through two dams represented in the DEM. The
dashed red line shows the simulated maximum flow surface and the black line the
modified terrain. The lower dam, which is oriented more directly across the flow
path, illustrates the difficulties associated with abrupt topographic barriers.

Recommended representation of steep structures

If numerical problems occur, consider constructing the modified DEM externally in a
GIS and representing the structure with progressively increasing side slopes rather
than an abrupt elevation step (see Figure below).

A smoother transition distributes the topographic change over several computational
cells and generally provides a numerically more robust representation of the structure.
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Figure 5-32: Recommended schematic representation of a dam in the DEM using
progressively increasing side slopes. Distributing the elevation change over
several computational cells avoids an abrupt one-cell topographic step.

Interpretation of results

Simulations containing mitigation structures must be interpreted by experienced
users and should always be evaluated together with established engineering design
methods.

The modified-DEM approach is primarily intended to investigate the potential influ-
ence of a structure on flow routing. It should not be used on its own to determine the
required dam height, structural loads, overtopping probability or residual hazard down-
stream of the structure.
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For design purposes, RAMMS results from the undisturbed or appropriately defined
design scenario should be used to derive relevant flow parameters, while the actual
mitigation structure should be dimensioned and verified using suitable engineering
procedures.

5.6.2 Adding deposited debrisflow material to the DEM

Debris-flow events may consist of several individual surges. Deposits produced by an
earlier surge can modify the topography and thereby influence the flow path, spreading
and deposition of subsequent surges.

RAMMS allows the terrain to be updated using the deposition from a simulation. The
resulting DEM can then be used as the terrain for a subsequent simulation. This proce-
dure can either be performed manually for individual simulations or automatically for
a sequence of surges using the debris-flow batch mode.

Important modeling assumption

The approach assumes that the terrain modification produced by the preceding simula-
tion remains present during the subsequent simulation. In particular, deposition added
to the DEM is treated as part of the terrain for the next run.

This should be kept in mind when interpreting multi-surge simulations. In reality, previ-
ously deposited material may be remobilized, eroded or otherwise modified by later
surges. The suitability of the approach therefore depends on the process being investi-
gated and should be evaluated by an experienced user.

Manually adding deposition to the DEM

The manual procedure is useful if only one or a few successive simulations are required,
or if the user wants to inspect the results before defining the terrain for the next simu-
lation.

Exercise 4.3b: How to add debris flow deposition to a new DEM

e Select the relevant simulation time
Display the simulation results at the time step representing the deposition that
should be transferred to the terrain.
In most cases, this will be the final dump step, when the debris flow has largely

come to rest. An earlier dump step may be selected if there is a specific reason
to use the flow configuration at an earlier time.

e Add the deposition to the DEM
Select Results = DEM Adaptations - Add Deposition to DEM
RAMMS adds the simulated deposition to the terrain and creates a modified
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DEM.

e Save the new terrain

Enter a name for the new XYZ file. The modified terrain file is stored in the pro-

ject directory.

e Use the modified DEM for the next simulation
Open the Run Simulation dialog and select the newly created XYZ file under
Digital elevation info (see Figure 5-29).
The next simulation will then be performed using the terrain modified by the pre-

ceding debris-flow deposition.

5.6.3 Sequential multi-surge simulations using batch mode

For events consisting of several successive surges, repeatedly updating the DEM and
starting a new simulation manually can become cumbersome. RAMMS therefore pro-
vides a batch mode for sequential debris-flow simulations.

In batch mode, a series of simulations is defined in a CSV file. After each simulation,
the resulting terrain modification is transferred to the next run. The subsequent surge
is therefore simulated on the terrain resulting from the preceding surge.
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Figure 5-33: First (left) and fourth (right) surge of a sequential multi-surge
simulation using identical input parameters. Erosion and deposition from each run
are incorporated into the DEM for the subsequent run. Progressive filling of the
retention basin leads to increased overtopping and downstream propagation

during the fourth surge.

Preparing the base scenario
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Before starting a batch calculation, create and configure a normal RAMMS debrisflow
scenario.

Define all settings that should remain common to the batch simulations, including for
example:

calculation domain,

release configuration that is not controlled by the CSV file,

erosion settings,

friction and other model parameters not specified individually in the CSV file,
e numerical settings.

Open the Run Simulation dialog and configure the base scenario as required, but do
not start the simulation. Close the dialog using Cancel.

Defining the surge sequence in a CSV file

The sequence of simulations is defined in a CSV file. Each row represents one debris-
flow surge. The first row is treated as a header and is not evaluated by RAMMS.

Note: The column names in the header are arbitrary and may be written in any lan-
guage. RAMMS identifies the parameters by their column position, not by the header
text. The order of the columns must therefore not be changed.

For example:

RunName, Volume, Omax, v, tl, Mu, Xi, Density, SimRes, momentum, COM, EndTime, Comments

Runl, 10000, 200, 10, 10, 0.1, 400, 1800, 4, 10, 0.2, 1000, Using Base DEM

Run2, 10000, 200, 10, 10, 0.1, 400, 1800, 4, 10, 0.2, 1000, Using DEM after Runl
Run3, 10000, 200, 10, 10, 0.1, 400, 1800, 4, 10, 0.2, 1000, Using DEM_after Run2
Run4, 10000, 200, 10, 10, 0.1, 400, 1800, 4, 10, 0.2, 1000, Using DEM_after_ Run3

Figure 5-34: Example CSV file defining four sequential debris-flow simulations.
Each data row defines one surge. Column headings are ignored by RAMMS and
may be written in any language; parameters are identified by their column position.
The simulation resolution (SimRes) specified for the first run is used for the
complete batch.

Table 4: CSV parameters used to define the individual runs of a
sequential debris-flow batch simulation.

Column Parameter Description

1 Run name Name assigned to the individual simulation.

Total debris-flow volume used to define the
2 Volume .

input hydrograph.
3 Qmax Maximum discharge of the input hydrograph.
4 ' Flow velocity specified for the hydrograph.
5 1 Time at which the maximum discharge Q,.«iS
reached.
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6 M (mu) Coulomb friction coefficient.

7 € (xi) Turbulent friction coefficient.

8 Density Debris-flow density.

9 SimRes Computational grid Ejvolutlon. See note be-

10 Momentum Momentum-based stopping criterion (% of
total momentum).

” COM Center-of-mass velocity stopping criterion

(m/s).
12 EndTime Maximum simulation time.
13 Comments Optional descrlpt|ont(i)(1)‘r;che individual simula-

Note: The input hydrograph is defined using Volume, Qmax and t1, where t7 specifies
the time at which the maximum discharge is reached. The end time of the hydrograph
is calculated automatically by RAMMS from these values. It does not have to be speci-
fied separately in the CSV file.

The EndTime column refers to the maximum duration of the RAMMS simulation, not to
the end of the input hydrograph.

Simulation resolution: The value of SimRes in the first data row defines the computa-
tional grid resolution for the entire sequential batch. The same resolution is used for all
subsequent simulations, irrespective of the SimRes values specified in later rows. Se-
quential simulations must use a common computational grid because terrain changes
are transferred directly from one simulation to the next.

The CSV filename is also used to create a dedicated batch directory within the RAMMS
project. The input files, simulation results and modified terrain files generated during
the sequence are stored in this directory.

Note: Only parameters provided in the CSV file are changed between runs. All other
parameters are inherited from the prepared base scenario

Starting the batch simulation

After preparing the base scenario:
1. Select Run = Run Sequential Batch with Terrain Updates.

Show Run Results GIS Extras Project Help

Ly Run Debrisflow Simulation Fa

Run Sequential Batch with Terram Updates

162 ﬁ\!m

F/gure 5- 35 Start Run Sequent/al Batch procedure.

2. Select the CSV file defining the sequence of surges.
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3. RAMMS reads the simulations row by row and executes them sequentially.

4. After each run, the terrain modification is used to generate the DEM for the fol-
lowing run.

5. Progress is displayed while the batch sequence is running.

Batch output

For each run, RAMMS stores the files required to reproduce and analyse the individual
simulation. The batch documentation lists, among others:

e the RAMMS input file (.db2),

o the simulation output (.out.gz),

o the modified DEM (.tif),

o the deposition raster (.tif),

e and auxiliary terrain files such as .xyz and .var

Each surge remains available as an individual simulation, and the intermediate DEMs
allow the evolution of the terrain throughout the surge sequence to be inspected.

Interpretation of sequential surge simulations

Sequential simulations can be useful for investigating how terrain changes caused by
earlier debris-flow surges influence subsequent flow paths and deposition patterns.

The method should not, however, be interpreted as a complete physical model of the
interaction between successive surges. Material added to the DEM becomes part of
the terrain representation used by the next simulation. Whether this approximation is
appropriate depends on the expected stability, remobilization and erosion of the pre-
ceding deposits.

Results should therefore be evaluated together with field observations, event chronol-
ogy and appropriate engineering judgement.
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6 Applications

RAMMS::Debrisflow can be initiated using either a block release (e.g. landslide release)
or a hydrograph (flow discharge as a function of time). In some cases, it may not be
entirely clear which method is most suited. In this section we describe some practical
differences in model results which may occur depending on which method is used to
start the flow in the model.

This chapter presents several topics relevant for the application of
RAMMS::Debrisflow in practice. Several examples of how to use RAMMS to simulate
channelized debris flow (flow paths of debris flow limited by topography, such as a
mountain torrent) using either a block release or an input hydrograph are summarized.
Model calibration and the question how to calculate model impact pressure are dis-
cussed.

6.1 Calibration

The calibration of the Voellmy friction model is one of the most important steps to get
realistic and useful results. For the calibration procedures a well-documented historical
event is required. The historical event should be similar to the problem where calibra-
tion is required. Ideally, information should include flow heights and velocities at differ-
ent locations in the torrent as well as the material composition, information concerning
different flow paths and the initial conditions such as the total and the initial volumes.
In practice, it is difficult to collect exact data on flow heights and velocities from field
studies. However, field data can provide estimates of total volume, flow paths, flow
heights and material composition and sometimes even flow velocities.

Table 6.1: Parameters for calibration for the case study of Dorfbach, Randa (CH).

Field investigations

Cross sectional analysis Heights of levees or heights of marks on constructions,
estimation of velocity (splashing, superelevation)

Flow paths Tracks of boulders, rocks and mud
Deposition of material Lobes, levees and debris flow heads

Estimation of total volume Retention basin in the runout zone plus deposited
material in torrent and receiving river

Photographs
Release area Geometry of release area
Flow Paths Deposited material analyzed by aerial photographs

Here, an example is shown, which was used for the calibration of RAMMS::Debrisflow
for the specific case at Dorfbach, close to Rana (VS, CH). See Deubelbeiss and Graf,
2013. The following data was used to calibrate the model:

Field observations and investigations provided an estimate of a total volume of approx-
imately 10'000 m3. The aim was to calibrate the model by comparing flow velocities and
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flow heights at two locations (Figure 6-1a). The estimated values obtained from the field
observations at these locations are:

Table 6.2: Field estimations of height and flow velocity for
the case study of Dorfbach, Randa (CH).

Max flow height Velocity [m/s]
[m]

Location 1 2-3 3-4

Location2 | 2-3 1-2

Find the best-fit Voellmy friction coefficients (procedure)

To find the best- fit Voellmy friction coefficients (dry-Coulomb type friction y and vis-
cous-turbulent friction £) we suggest the following calibration procedure:

1. Define p which — as a first guess —is set to tan(a) is the slope angle in the depo-
sition zone. For the case in Dorfbach we defined u = 0.2 (a = 15°).
Values of y normally range between 0.05 and 0.4. Values of y larger than 0.4
rarely provide useful simulation results.

2. & is more delicate to calibrate and we suggest starting with an initial guess of §
=200 m/s?.
€ describes the turbulent behavior of the flow. Typically, small values of € are
reported for granular flows while relatively large € values are sometimes associ-
ated with muddy flows.

Table 6.3: Suggestions for setting the viscous-turbulent friction parameter &.

Granular flow (solid-dom-  Mud flow (fluid-

inated) like)
Viscous-turbulent friction, § [m/s?] 100-200 *) 200-1'000 *)
*These values are only suggestions, not fixed definitions.

Table 6.4: General suggestion for the initial values of the Voellmy friction
coefficients used for the calibration procedure.

Initial values of the Voellmy friction
coefficients used for a calibration

procedure with unknown flow type

Dry-Coulomb type Ml 0.2
friction

Viscous-turbulent 3 200
friction [m/s?]
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If the type of flow (granular or muddy) is not known, we suggest the following initial
values of the Voellmy friction coefficients for the calibration:

3. Vary u around the initial definition with steps of 1 and € with steps of +100 m/s?.
After comparing this initial result with field observations, start with a fine tuning
and incrementally change p and € around the initially-found best-fit values. To
match the simulation results with the flow heights and velocities from field ob-
servations at the given locations we found the following best-fit Voellmy friction
coefficients for Dorfbach:

Table 6.5: Best-fit Voellmy friction coefficients for the
case study of Dorfbach, Rand (CH).

Dry-Coulomb type MI] 0.225

friction
Viscous-turbulent 3 130
friction [m/s?]

Table 6.6: Resulting maximum flow heights and velocities for total volumes of
10’000 and 5’°000 m® and u=0.225 and £=130 m/s?

Volume: 10'000 m? Max. height [m] Max. velocity [m/s]

Location 1 2.7 3.8
Location 2 2.5 2.5
Volume: 5000 m®

Location 1 2.2 2.6
Location 2 1.1 2

The best-fit Voellmy friction coefficients are now used to perform several simulations
(Figure 6-1). We performed an additional simulation with a small total volume (5000 m?3)
to better model the observed flow path. This modification is justified because there are
two main locations where deposition was observed during the event of June 7, 2011.
One location is out of Figure 6-1 around an elevation of 1730 ma and the second location
coincides with location number (3) in the center of the channel. The simulation using a
total volume of 10’000 and 5’000 m® show the following flow heights and velocities at
the two locations 1 and 2:
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Both simulations with volumes of 10°'000 and 5’000 m?® show locations where the flow
leaves the channel (Figure 6-1, locations 1-2), while in reality the debris flow should

.. flowpath
“debris flow
June 7, 2010

,for calibration ;%
1L 9 ] | Ut

P o iy S - S
1/ ‘4‘{'1;/ Pl
3 7= :

4 f ", ‘;//’ =\ :3 r2rieryiLocation 1

Mk floiv hslgHE (i) foc calibration

§ 5 8 3 5 5 N e[

1 I ?i;‘)’ '[10000m?,2m |
: = .

BRI U oAl Netofd o

@ oe ' 5000 m%, 2 m

Figure 6-1: Simulations with best-fit parameters u=0.225 and §=130 m/s? for (left) a
volume of 10’000 and (right) 5°000 m® and a DEM resolution of 2m. The dashed line
indicates the flow path of the event from June 7, 2010.

simply follow the channel.

Specifically, these are locations indicated by numbers (1) to (4). A breakout, where the
flow left the channel, was observed only at location (2) on the orographic right side of
the channel.

These differences might be caused for the following reason: For these simulations we
use a resolution of the DEM (2010) of 2m. Additional simulations using a DEM-resolution
of Tm and a volume of 5'000 m® could reproduce the flow path at location (1), (3) and
(4). At location (2) the outbreak disappeared in the simulation, although it occurred in
reality. This result indicates that a resolution of 2m cannot reproduce the exact flow
paths because not all vertical curves are visible on a 2m-DEM and therefore material can
break out of the channel. The missing outbreak at location (2) for the 2m-DEM can be
explained as following: first, it may indicate that at this location the volume was larger
than 5'000 m®and only after location (2) more material was deposited and second, an
aspect which will be discussed in the next section (0), the use of a block release rather
than an input hydrograph resulted in slightly underestimated flow heights and velocities.

To conclude, the simulations using a volume of 10’000 m?® indicate a slightly too high
volume estimation for the lower part of the torrent. However, to calibrate the Voellmy
friction coefficients it was still possible to match the flow heights and velocities ob-
served in the field. The small differences in the flow path between the simulation and
reality can be explained by no ideally resolved terrain.
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6.2 Input hydrograph in comparison with block release

With an input hydrograph it is possible to constrain inflow of the debris material into the
calculation domain at a specific location. This is in contrast to a block release simulation
where a release area with an initial depth is defined for which the entire block of material
is accelerated by gravity given the frictional resistance, e.g. simulating debris flow initi-
ation as an instantaneous landslide failure. Flow depth is a value that can be measured
with an observation station or estimated by geomorphic evidence. Assuming that the
profile and the velocity are known at the measurement location one can calculate the
discharge hydrograph there. Other options are presented in section 0.

6.2.1 Comparison between a block release and an input hydrograph

Simulations with large volumes and a block release usually have larger maximal dis-
charge values (maximum heights) compared to simulations using a hydrograph (Figure
6-2a). The reason is that for a block release the release area is defined and the initial
release height has to be adjusted according to the total volume, specified by the user.
This block begins moving as soon as the simulation is started. Hence, extremely large
and possibly unrealistic initial heights can occur (e.g. we use an initial height of 13.2 m
for simulations with a total volume of 200’000 m? at Dorfbach, see studies by Deubel-
beiss and Graf, 2013). In many cases it would be more reasonable to assume a realistic
initial release height and adjust the release area to match the corresponding total vol-
ume. This effect inverts for small volumes: the inflow velocity of a hydrograph simulation
may be larger than what results from a block release simulation at the location of the
input hydrograph (Figure 6-2b). The inverse effect is also visible in the flow paths (Figure
6-3). The larger flow heights and resulting velocities of a block release simulation are
represented by the larger extent compared to a hydrograph simulation.

8 |
—m— Three-point hydrograph 200000 m3 28 — Three-point hydrograph 2250 m3

Block release 200000 m3 L Block release 2250 m3
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Figure 6-2: Comparison of discharge curves of a simulation with a block release
and a hydrograph for (left) a volume of 200°000 m? and (right) a volume of 3’350
m?3. For all simulations u=0.225 and §=130 m/s?. The discharge curves are
measured at the location shown in Figure 6-3.
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6.2.2 Discussion

Figure 6-3: Comparison of the inindated areas of a simulation with a block release and a
hydrograph (left) for a volume of 200°000 m?® and (right) a volume of 2’250 m?3. For all
simulations u=0.225 and §=130 m/s?. Blue: hydrograph, red: block release. The red points
indicate the location of the measured discharge curves (Figure 6-2).

Two general problems appear when comparing the input hydrograph and block re-
lease: the friction parameters for a large design event may be different than those for
the calibration event, and differences in peak discharge. Large debris flows are often
expected to have disproportionally longer runout in comparison with smaller flows (e.g.
less friction, e.g. smaller u values). However, it is difficult to generalize about how
much the friction parameters should be changed as a function of event volume. The
situation is further complicated by the observation that very large debris flows tend to
take place as a series of surges rather than one large surge, and the effective flow to-
pography may change due to deposition (or erosion) during the surge. The problem
with the unusually large flow depths and the input hydrograph was described earlier in
this section. Another aspect of that problem is that sediment entrainment often takes
place along the flow path, a process which is now implemented in
RAMMS::Debrisflow. The new erosion module in RAMMS predicts the depth of erosion
of sediment caused by debris flows. Using this option, it is possible to predict the in-
crease in volume of a debris flow as it travels along a channel (see sections 4.9.3 and
6.3).

6.2.3 Summary

Using an input hydrograph rather than a block release certainly enhances the simula-
tion results if data are available. In this case we can assume that the input parameters
are well known and represent the measured field data (at least at the measurement lo-
cation). This way large initial release heights and the resulting large momenta can be
avoided.

Channelized debris flows, which typically follow a torrent to the runout zone are more
accurately simulated by input hydrographs. Additionally, the length of the flow path to
be simulated can be reduced resulting in shorter simulation times. (Be sure the entire
hydrograph lies within the calculation domain.) For hillslope debris flows, which typi-
cally occur in open, unchanneled topographies, a block release achieves better results.
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6.3 Erosion example

An example of applying the RAMMS debris-flow erosion algorithm is presented below.
In this case (lligraben, Switzerland), channel-bed erosion can only occur between
check-dams installed along the channel, not at the check dams themselves, so four in-
dividual polygons were drawn and included in one shape file. The flow is started as a
hydrograph (bar-shaped release) and the computational domain has been made rela-
tively narrow to decrease computational time.

Step 1 (not shown): Setup and calibrate RAMMS without considering entrainment. In
this case RAMMS was calibrated for an example in the literature (Berger et al., 2011)
where we know the travel time between two of the check dams. The purpose of the
first calibration—-without erosion-is to help narrow-down the choice of the friction pa-
rameters P and § for fine-tuning the model after erosion is considered.

Step 2: Define where erosion can take place. Select the menu option Input —> Polygon
shapefile —> Draw New Polygon Shapefile and draw the first polygon. After closing
the first polygon with a right-mouse-click, choose the option Add polygon areas, and
repeat this procedure until all desired polygons have been drawn. After adding the final
polygon (in this case the fourth one) click on the “No” button and name the polygon
(see Figure below). Once this step is completed, the erosion properties within this
shapefile can be set in a different dialog box (see Step 3 below). Although not illus-
trated here, it is possible to create multiple shape files with different erosion parame-
ters within each shape file.
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Figure 6-4: Adding erosion polygon areas.
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Step 3: Set erosion parameters. To set the erosion parameters used during the simula-
tion, select Run simulation and then click on the Erosion tab. Click on the folder icon
and select the polygon shapefile (in this case erodible_bed.shp, Figure below). After
selecting the erosion parameters, click on the button Add shapefile to list. The shape-
file and values are added to the list. You can delete the whole list, or remove single en-
tries from the list. It's not possible to edit an entry (remove the entry, and create a new
entry).

[ General [ Params | Mu/% | Release | Erosion

EROSION PARAMETERS @J

Erosion Shapefile Properties
Erodible_bed shp 0= X
Erosion density (kg/m3): 20000
Erosion rate (mvs): 0.0250 [Normal v]
Pot. erosion depth (per kPa):  0.100 ‘mednum -
Critical shear stress (kPa): 1.000 ‘Lmednum vJ

Max erosion depth (m): 0.00

Add shapefie |(g g to list

Erosion Shapefile List

Clear List |

" Run in background Cancel { RUN SIMULATION

Figure 6-5: Erosion parameters.

One advantage of the new Erosion Module in RAMMS is that the user can start the
model with realistic starting conditions, e.g. either a block release (landslide) scenario
based on field observations or a realistic hydrograph. Then the model will entrain sedi-
ment along the flow path, thereby increasing in size. The main disadvantage of the
new model is that you cannot specify the event volume before the simulation starts,
because the volume of the debris flow will increase as it entrains sediment along the
flow path. If precise final volume scenarios are necessary, it may be necessary to run
the model several times, iteratively adjusting the initial landslide size, until the desired
volume is achieved (see Frank et al., 2017, for an example).
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The predicted channel-bed erosion for this case is illustrated in Figure 6-6. Here one
can clearly see that erosion has taken place only within the user-specified polygons
within the erosion shape file, and not on the check dams separating the individual pol-
ygons.
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Figure 6-6: Simulated channel-bed erosion.

Fles | General | Display | Volumes | Region

In this case the model was then re-calibrated with small adjustments to the turbulent
friction parameter, and calibrated (for flow speed) to be within 1 second of observed
travel time.
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A comparison of the hydrographs (output from a point placed under the bridge, in
comparison with the flow height measured in the field) illustrates that the steepness of
the front, when including debris-flow entrainment, is somewhat more realistic. How-
ever, the case where entrainment is not considered is somewhat slower in travel
speed, for the same friction parameters.

6.4 Slush Flows

This chapter provides guidance on the modelling of slush flows (s@rpeskred) using the
RAMMS::Debris Flow (RDF) and RAMMS::Avalanche software modules. Both modules
share the same Voellmy-Salm rheological framework and are equally applicable to slush-
flow simulation, provided that module-specific friction parameters are calibrated for the
slush-flow regime. The recommendations in this chapter are based on two reports pro-
duced for the Norwegian Water Resources and Energy Directorate (NVE): Jaedicke and
Sandersen (2021) on slush-flow release zone classification, and Kronholm (2021) on
RAMMS::Debris Flow parameter calibration for slush flows.

6.4.1 Definition and Hazard Characteristics

A slush flow is a rapid gravity-driven flow of a snow-water mixture containing a minimum
of approximately 15 % water by volume, triggered when the rate of water input to a
snowpack — from rainfall, snowmelt, or groundwater emergence — exceeds its drainage
capacity (Hestnes, 1985).

Slush flows are distinguished from dry-snow avalanches and debris flows by high bulk
density (typically close to 1000 kg/m3), high flow velocities relative to that density, long
runout on very gentle gradients such as valley floors and road embankments, and a
transition from slush-flow to debris-flow rheology in the lower track through progressive
incorporation of soil and rock (Sletten et al., 2003, cited in Kronholm, 2021) — together
giving them high damage potential for infrastructure and buildings.

Slush flows frequently occur during early spring or rain-on-snow events in Norway, Ice-
land, Svalbard, and other high-latitude or maritime-montane environments. In Norway,
the most hazard-prone periods are January-March, when deep snowpacks coincide
with rainfall or rapid warming (Jaedicke and Sandersen, 2021).

6.4.2 Release Zone Ildentification

Based on analysis of 150 Norwegian slush-flow events, Jaedicke and Sandersen (2021)
identified five terrain types from which slush flows initiate. Correct identification of the
release area is a prerequisite for realistic RAMMS simulation, because the release ge-
ometry controls the initial volume and the direction of flow into the track.
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Classification of Release Zone Types

Table 6.7: Classification of slush-flow release zone types after Jaedicke and

Stream chan-
nels (bekkelap)

Shallow de-
pressions (for-
senkninger)

Open slopes
(apne
skraninger)

Bogs and mires
(myromrader)

Other / unclas-
sified

~50 %

~22 %

~20 %

~4 %

~4 %

Sandersen (2021). Frequencies are based on 150 Norwegian events.

Key Characteristics

Defined channels that
concentrate surface and
sub-surface water. Often
difficult to identify from
topographic data alone.

Small concave terrain fea-
tures that collect water.
May not be identifiable at
DEM resolutions coarser
than 1 m.

Planar or slightly convex
slopes without a well-de-
fined channel. Water
reaches the snowpack dif-
fusely.

Peat-covered areas with
poor drainage. Water satu-
ration of near-surface ma-
terial precedes mobilisa-
tion.

Road fills, artificially modi-
fied slopes, or events
where origin could not be
determined from docu-
mentation.

Mapping / Modelling Notes

Highest priority for hazard mapping.
Well-defined channel geometry aids
delineation of computational release
area. Consider multiple sub-catch-
ments.

High-resolution DEM (LiDAR = 1 m)
required for identification. Release
area may need to cover the full

catchment feeding the depression.

Release geometry is less well con-
strained. Use sensitivity analysis on
release volume. Slope aspect and
gradient are the primary spatial pre-
dictors.

Terrain gradient is typically very low;
computational release areas must be
placed in downstream steeper terrain
(see Section 5).

Site-specific assessment required.
Standard parameter recommenda-
tions may not apply without addi-
tional calibration.

Mapping of release zones should be based on a LiDAR DEM at 0.5-1 m resolution com-
bined with field inspection and historical records. The classification provides a frame-
work for prioritising areas for detailed hazard assessment, but all five release-zone
types can produce damaging slush flows.
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6.4.3 RAMMS Modelling Approach

Governing Equations

Both RAMMS::Avalanche and RAMMS::Debris Flow use the same Voellmy-Salm rheo-
logical model, described in the Physical friction model section of Chapter 4.

The governing equations are physically identical in both RAMMS modules. The critical
difference is in the default parameter values: the standard RAMMS::Debrisflow pa-
rameters (U = 0.20, £ = 200 m s72) are calibrated for typical debris flows and produce
velocities and runout distances that are 30-50 % too low for slush flows. Slush-flow
calibrated parameters are therefore required regardless of which RAMMS module is
used (Kronholm, 2021).

Module equivalence: RAMMS::Avalanche users may apply the slush-flow parameter rec-
ommendations in this chapter without modification. The Voellmy-Salm implementation is
the same in both modules. Where the two modules differ (e.qg., fracture slab options, spe-
cific erosion implementations), RAMMS::Debrisflow features are described; the
RAMMS::Avalanche equivalent should be used when running simulations in that module.

Physical Basis for Voellmy Parameters in Slush Flows

Kronholm (2021) tested the full space of u and £ values against five Norwegian events
with documented velocities and runout distances. The key finding is that only combi-
nations with u = 0.08 and § = 2000 m s~2 produce acceptable agreement. These val-
ues are consistent with the low Coulomb resistance expected for a near-liquid mixture
and the low turbulent drag of a high-fluidity flow. For comparison, large, dry-slab ava-
lanches use p ~ 0.15-0.30 and § ~ 1000-4000 m s~2, while typical debris flows use y =~
0.15-0.25 and € = 100-400 m s~2,

Slush flows therefore occupy a distinct parameter space: low g (resembling a fluid) and
high § (resembling a dry avalanche). This combination reflects their high water content,
low basal friction, and ability to maintain velocity over gentle gradients.

6.4.4 Recommended Voellmy Parameters by Return Period

Table 6.8 gives the recommended RAMMS parameters for slush-flow hazard mapping
at three return periods (Kronholm, 2021, Table 14). Separate values are provided for
simulations with and without the erosion module active. Because slush flows can scour
and entrain significant volumes of material in the track, the erosion scenario generally
represents the more conservative (longer runout) estimate.
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Table 6.8: Recommended RAMMS Voellmy parameters for slush-flow hazard
mapping by return period (Kronholm, 2021, Table 14). Values apply to both
RAMMS::Debris Flow and RAMMS::Avalanche when used
with slush-flow release conditions.

Return Period Without Erosion With Erosion Module
M (Mu) § [m s~7] (Xi) M (Mu) § [m s~%] (Xi)

1/100 years 0.08 2000 0.08 3000

1/1000 years 0.05 3000 0.05 4000

1/5000 years 0.04 4000 0.04 5000

Interpretation of §: The turbulent friction coefficient € primarily controls peak velocity in
the track. Higher € (longer return period, erosion scenario) results in higher simulated ve-
locities and longer runout. The recommended values were derived from inverse modelling
of five Norwegian events and should be used as a starting point; local calibration against
documented events is recommended where data are available.

For preliminary hazard assessments where no historical events have been documented
in the specific catchment, use the 1/100 year parameters with erosion (4 = 0.08, § =
3000 m s~2) as a conservative baseline. Escalate to the 1/1000 or 1/5000 year param-
eters if the site is in a zone of high potential consequence or if the catchment morphol-
ogy is similar to a documented high-magnitude event.

6.4.5 Release Area Setup

Computational Release Areas

RAMMS requires the initial flow to have sufficient gravitational driving force to enter the
track. The solver will not produce meaningful flow if the entire release polygon lies in
terrain shallower than approximately 10°. For slush flows originating in bogs, mires, or
shallow depressions (slope < 10°), a computational release area must be defined in
steeper terrain downstream of the actual initiation zone but within the same channel or
flow path. The computational release area should be sized to deliver a representative
initial volume into the steep track reach.
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The following approach is recommended:

¢ Identify the actual topographic release zone using the classification in Section 2.

e If the release zone gradient is < 10°, shift the release polygon downstream to a
slope reach of at least 15° within the same channel.

e Size the computational release area so that the initial release volume V, is con-
sistent with the expected event magnitude for the return period (see Section 6
for erosion-based volume growth).

e Do not enlarge the computational release area to simulate large events if this
would cause unrealistic lateral spreading at the point of injection.

Note onrelease volumes: For slush flows where the primary mass entrainment mechanism
is progressive erosion of the snowpack and underlying loose material along the track, the
initial release volume is less critical than for events where most of the final volume derives
from the release zone. Err on the side of a moderate release volume combined with realistic
erosion settings rather than placing an artificially large volume in the release polygon.

Bulk Density

A bulk density of p=1000 kg m~3 is recommended throughout, consistent with a near-
fully saturated snow-water mixture. This value is used for pressure calculations (dy-
namic pressure p = p u?) but does not directly affect simulated flow velocities or runout
distances in the Voellmy model. If the flow is expected to transition to a debris flow in
the lower track, a higher density (e.g., 1200-1500 kg m~3) may be more appropriate for
pressure calculations in that reach; however, RAMMS uses a single density value per
simulation.

6.4.6 Erosion Module Settings

The erosion module simulates the progressive entrainment of erodible material along
the flow path. For slush flows, enabling erosion is recommended because progressive
incorporation of snowpack and loose surface material is a dominant mechanism of vol-
ume growth and is better represented through the erosion module than through artifi-
cially large release volumes. The following settings are based on Kronholm (2021) and
reflect conditions of loose, wet, near-surface material:
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Table 6.9: Recommended RAMMS erosion module settings
for slush-flow simulations (Kronholm, 2021).

Parameter Recommended Rationale

Value

Consistent with water-saturated snow.
Erodible material density 1000 kg m~3 Reflects the slush-flow regime rather
than soil or rock erosion.

Appropriate for loose, wet sedi-
ment/snow. This is the upper end of
Erosion rate 0.050 m s’ the RAMMS erosion rate range and is
justified by the high fluidity of the erod-
ible material.

Set to 'deep' in the RAMMS interface.
Potential erosion depth 0.20 m kPa™* Allows substantial erosion where basal
shear stress is high.

Low value consistent with unconsoli-
Critical shear stress 0.5 kPa dated, saturated material. Erosion be-
gins at low flow velocities.

Limits total erosion to 1 m of material to
avoid physically unrealistic entrain-
Maximum erosion depth 1.0 m ment. May need site-specific adjust-
ment if deep snowpack or thick uncon-
solidated layer is present.

These settings are appropriate for the 'base case' loose snowpack and near-surface
material scenario. In areas with deep, compact snowpacks or where the flow path
crosses consolidated moraine or bedrock, the erosion rate and maximum erosion depth
should be reduced. In areas with very deep unconsolidated material (e.g., thick peat or
alluvial fans), the maximum erosion depth may need to be increased with corresponding
justification.

6.4.7 Digital Elevation Model and Grid Resolution

DEM acquisition: A LiDAR-derived DEM at 0.5-1 m point spacing is recommended for
slush-flow simulation. At this resolution, narrow stream channels, shallow depressions,
and small bogs (which account for ~76 % of release zones) can be correctly identified
and their geometry captured. Photogrammetric DEMs from drone surveys are an ac-
ceptable alternative provided point density and accuracy are comparable to LiDAR.
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Simulation grid: Kronholm (2021) tested both 2 m and 5 m computational grids and
found minimal difference in simulated runout and peak velocities for the five case stud-
ies. A 2 m simulation grid is recommended as the standard because it resolves narrow
channels and confining topography more faithfully. For large catchments (> 5 km?) or
screening-level assessments, a 5 m grid is acceptable.

DEM pre-processing: Before importing into RAMMS, the DEM should be hydrologically
conditioned (sinks filled, flow directions verified) in the area of the expected flow path.
Ensure that the DEM correctly represents stream channels and any road embankments,
culverts, or other infrastructure that may redirect or confine flow. Bridges and culverts
often require manual DEM editing to represent barrier or pass-through conditions.

6.4.8 Recommended Simulation Workflow

The following workflow is recommended for slush-flow hazard mapping with RAMMS:

e Step 1— Terrain analysis. Obtain LiDAR DEM at =1 m resolution. Identify poten-
tial release zones using the classification in Section 2. Confirm with field inspec-
tion and historical records.

e Step 2—DEM preparation. Prepare a hydrologically conditioned DEM at 2 m grid
resolution covering the release zone, track, and runout area with at least 200 m
margin around the expected flow extent.

e Step 3 —Release area definition. Define release polygons based on mapped re-
lease zones. For zones with slopes < 10°, use a computational release area in
steeper downstream terrain as described in Section 5.

e Step 4 —Parameter selection. Select Voellmy parameters from Table 6.8 for the
relevant return period and erosion scenario. Start with the 1/100 year case with-
out erosion to verify model setup, then progress to erosion-enabled and higher
return period scenarios.

e Step 5 — Erosion module configuration. If using the erosion module, apply the
settings in Table 6.9. Define the erodible layer extent to cover the full expected
flow path. Use a conservative (high) estimate of snowpack depth as the initial
erodible layer thickness.

e Step 6 — Simulation and result extraction. Run the simulation and extract max-
imum flow height, velocity, and dynamic pressure grids. Also record total simu-
lated volume at the runout terminus to check for physically unrealistic mass
growth.

e Step 7 — Sensitivity analysis. Run at a minimum: (a) no erosion vs. erosion sce-
narios at the same return period; (b) u £ 0.01and € + 500 m s~2 to assess param-
eter sensitivity. Document sensitivity results in the hazard assessment report.
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e Step 8 — Validation (if data are available). If a documented slush-flow event
exists in or near the study area, back-calculate parameters against observed ve-
locity, flow depth, and runout. Deviations > 20 % from Table 6.8 values should be
flagged and justified.

6.4.9 Case Study Summary

Kronholm (2021) calibrated RAMMS::Debris Flow against five documented Norwegian
slush-flow events. Table 6.10 summarises the key characteristics of each case and the
final calibrated parameters.

Table 6.10: Summary of RAMMS calibration case studies for Norwegian slush flows
(Kronholm, 2021). Runout distances are approximate and refer to the distance from
the head of the steep track reach to the final deposition zone.

Location

Reference
Oppdal / Land- 2018 Mar ~600  0.08 2000  event for 1/100
laupet

yr parameters.

Longer runout;
Vik / Juvik 2019 Feb ~900  0.06 2500  informed 1/1000

yr guidance.

Large event;
Balestrand / Ese 2011 Feb ~1200 005 | 3000  Sopetransition

from steep to
gentle.

Shorter runout
Tinn / Stavsro 2019 Mar ~400 0.08 2000 event; confirms
1/100 yr values.

Transition to

Hattfjelldal / debris flow in
Skardmodalen 2010 Apr ~1100 0.05 3000 lower track
noted.

6.4.10 Limitations and Uncertainties

The following limitations and uncertainties apply to all RAMMS-based slush-flow simu-
lations and must be documented in the hazard assessment report:
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Limited calibration dataset. The parameter recommendations in Table 6.8 are
based on five Norwegian events. The transferability to other climatic or geologi-
cal settings (lceland, Svalbard, Alps, Pacific Northwest) is unconfirmed. Addi-
tional calibration studies are needed, particularly for events in maritime versus
continental snowpack regimes.

Single-phase Voellmy model and slush-to-debris-flow transition. The Voelimy
model does not represent the two-phase (water + solid) nature of slush flows —
pore-water pressure effects and phase separation are not modelled — and it
cannot represent the transition many observed Norwegian slush flows undergo
from slush-flow to debris-flow rheology in the lower track. Because RAMMS uses
a single constant density (p = 1000 kg m~3) throughout, pressure calculations
may underestimate impact forces in the lower track where significant soil and
rock incorporation has occurred; consider a higher density for pressure calcula-
tions in that reach, or running a separate debris-flow scenario.

Release volume estimation. No validated method currently exists for estimating
slush-flow release volumes from topographic and snowpack data alone. The re-
lease volume is a significant source of uncertainty when the erosion module is
not active.
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The development of RAMMS is based on scientific findings published in international
scientific journals. A list of the most important scientific publications about
RAMMS::Debrisflow and its applications can be found on the module page at
https://www.ramms.ch/ramms-debrisflow/. Check out the Publication-list at the bot-

tom of the page.
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8 Appendix

8.1 Third-Party Software

The following third-party software components are used in RAMMS:
7-zip:

¢ We sometimes use 7za.exe to zip data.
e 7-zipis licensed under GNU LGPL.
e The source code of 7-zip is available at www.7-zip.org.

e Mteeis a Win32 console application that sends any data it receives to stdout and
to any number of files.
e Mtee is released under MIT License https://ritchielawrence.github.io/mtee/.
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Fanning Software Consulting:

e Some utility routines by Fanning Software Consulting (Scale_Vector() or FPUFIX()
among others) are used in RAMMS.

« 3k 3k 3k 3k 3k 3k %k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k 3k >k 5k >k 3k 3k 3k 3k 3k >k >k 5k 5k 3k 3k 3k 5k 3k 3k 5k >k >k %k 5k 5k %k 3k 3k 3k 5k 3k 5k >k %k >k >k 3k 3k %k 5k 3k 3k 3k >k %k %k %k %k %k %k %k %k >k >k >k *k >k %k >k >k k %k %k .
1 1

; Copyright (c) 1998-2013, by Fanning Software Consulting, Inc. All rights reserved. ;
; Redistribution and use in source and binary forms, with or without ;
; modification, are permitted provided that the following conditions are met:

1

; * Redistributions of source code must retain the above copyright ;
; notice, this list of conditions and the following disclaimer. ;
;7 * Redistributions in binary form must reproduce the above copyright ;
; notice, this list of conditions and the following disclaimer in the ;
; documentation and/or other materials provided with the distribution. ;
; * Neither the name of Fanning Software Consulting, Inc. nor the names of its ;
;. contributors may be used to endorse or promote products derived from this ;
; software without specific prior written permission. ;

; THIS SOFTWARE IS PROVIDED BY FANNING SOFTWARE CONSULTING, INC. "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL FANNING SOFTWARE CONSULTING, INC.
BE LIABLE FOR ANY DIRECT, INDIRECT,INCIDENTAL, SPECIAL, EXEMPLARY, OR CON-
SEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; LOSS OF USE, DATA,
OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY
OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEG-
LIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

« 3k 3k 3k 3k 3k 3k %k >k >k 3k 3k 3k 3k 3k 3k 5k ok %k %k 5k %k 3k >k 3k 5k 3k 5k >k %k 5k 5k %k 3k 3k 3k 3k 3k 5k >k >k %k %k 5k %k >k >k 3k 5k 5k 5k >k %k %k 5k %k 3k %k 5k 5k 5k 5k >k %k %k 5k %k %k %k %k %k >k >k >k %k >k %k >k %k >k >k >k .
1 1
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