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CHAPTER 1: INTRODUCTION

1 a- oB. zY[ ol -

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 esp ecially 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 catchingand  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 resul ts.
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 H allowing beginners to get started quickly as well as serving as a
reference to expert users.

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



https://www.ramms.ch/
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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

snow avalanches,

torrent based debris flows and hillslope debri s flows,
muds lides,

rock -ice avalanches and glacier lake outbreaks

rockfall s and rock avalanches.

= =4 -4 —a A

Process m odels 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
RAMMS::EXTENDED
RAMMS::DEBRISFLOW
RAMMS::ROCKFALL
RAMMS::ROCKICE (Beta)

= =4 -8 —a -

The RAMMS:: Avalanche and RAMMS:: Debrisflow modules are designed for flow phe-
nomena containing fast mov ing particulate debris of snow and rocks . In the avalanche
module, the interstiti al 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 equatio ns 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/
https://ramms.ch/ramms-rockfall/
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 generalt  hree -dimensional terrain. Rock trajec-
tories are governed by the interacti on between the rock and ground.  The model con-
tains six primary state variables: three translational speeds and three rotational v eloci-
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 i n 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 (dissipativ e) rock/ground interactions. These govern the onset of rock jump-
ing. The RAMMS:: Rockfall module predicts all rigid -body motions H 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 J including volume grow th along the flow path J 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

.. zS caAftAs 1" 10l Ao, Af+° [ Y t 0¢ Amth€fwing, 1- ' At- zA¢C
mass, offering critical insights into the evolving dynamics of complex alpine hazards.

In all RAMMS modules, n ew constitutive models have been developed and imple-
mented, thanks to calibr ation 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 especiallyin ~ Chapter 32 lj S oo 1- '~ A'YAA
t Ao 1_ "YTHoweler, 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 a- aot A-tzAlj CoYA
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

Operating Systems: Windows 10/11 (64- bit)
RAM (memory): 8 GB (more recommended)
CPU: >1 GHz, 8 cores or more recommended
Disk space: ca. 220 MB needed for the software

= =4 =4 =4 =

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
1 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 Ada Lovelace : 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 J e.g. Maxwell -based cards such
as the Quadro M -series J are not supported.
1 A current NVIDIA driver (keep it updated via NVIDIA's own driver up-
date tool).
1 Enough free GPU memory (VRAM) to hold the simulation mesh  J thisis
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
flag s 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~ H5x,

2.2 Installation and Licensing

Please download the RAMMS::DEBRISFLOWSsetup file kramms_avaldbf setup.exe m A
from https://www.ramms.ch/ramms_ -debrisflow/ (Downloads tab at the bottom of

page).

Please do the following steps before  beginning to install RAMMS:

1 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

1 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.

flj ot B o A oranfmB savialdif_Aetup.exe ™ Fyduneedtodoa 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 tha t 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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1 Web Update : The application can automatically check for available updates
-7 1-CAuRS” AAEf . Cf  A> BA&AztoSCasPAaA>At- AYAZL c
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 E Advanced... E 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 torun 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 E Programs E RAMMS E 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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[ 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

:_-:o} Create personal license request file
i

r Enter License Information

Paste complete information from your RAMMS license file!

ree to the icense Agreement . ance
Oi he RAMMS Li C | 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:

9 install RAMMS on the new PC
1 generate a new license request file

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

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

9 uninstall RAMMS from your old PC

2.3.2 Module availability

RAMMS modules can only be used by one user at atime. 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 show ing 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 u p-
dated directly from within either of these modules.

This can be used in two situations:

1 Adding another module: If, for example, RAMMS::Avalanche is already regis-
tered, a RAMMS::Debrisflow license can be added.
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1 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:
RC” AAEAS5C 1Tao¢CBABA&®AZt 0SART[ C- at
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 s 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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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,

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 H Begin a fresh project from scratch.
2. Open an Input File H Load an existing input dataset for processing.

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

3.2 Project Creation

c@ Create Project Creates a project, selects a DEM
2,

B Open Input File Opens an existing input file

F 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-
gatingto UBt [~ AEAUGSpPpAEAYB.  ¢fJ ocAET1H:tBz

4% RAMMS:DEBRIS FLOW 2.1.03

Track Edit Input Show Run Results GIS Extras Project Help
New... > Project Wizard Ctrl+W F M7=y
A LA KE HMHNMP
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  J especially when
revisiting simulations years later. Documenting important details ensures
continuity and understanding for future analysis.

€+ RAMMS | New Project Window 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 ca n 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 J such as the maxi-
mum North, South, East, and West  coordinates J and allowing users to clip the DEM if
needed.
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@

@ General
m DEM settings

D%

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

1127710.00 1129690.00

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 H 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 H Alternatively, users can clip the DEM usinga 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 valu es. 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 ljCoYAAs- zAU. ¢ BI

A complete RAMMS::Debrisflow setup requires a georeferenced DEM (1 -2m recom-

mended), a defined release area with release depth/input hydrograph, friction parameters

VLl Al s*A¢CB, al, - AsBStaAv, Aol -3t~ Ar YoABS| . __¢-2z%CzsA%s
inputs visually in 2D before run ning J incorrect release geometry or friction parameters

are the most common source of unrealistic results.

4.1 Preparations

To successfully start anew RAMMS project, afew 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 mandat ory, but nice to
have). Georeferenced datasets have to be in the same Cartesian coordinate system
(e.g. Swiss CH1903 LV03) as the DEM. Polar coordinate systems in degree (e.qg.
WGS84 Longitude Latitude ) are not sup ported . For more inf ormation 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:

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

ASCII XYZ data (regular and irregular) can be converted within RAMMS into  an ASCII or
GEOTIFFgrid . 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.

17



CHAPTER 4: Setup and Theory

"

B dim-av_grid_subsstxyz - WorcPad

Datel bearbeken Ansicht Einfigen Formk ? Datel Beabeken Ansicht Einfugen Format 7
DFE 8 A a- % Dl SR # 2 B
ncols 1157 =
T 1070 679000.00 236500.00 791.33

xllcorner 763049 679002.00 236500.00 791.73

yllcorner 1768911 679004.00 236500.00 792.07

cellsize 2 679006.00 236500.00 792.58

NODATA value -9939 679008.00 236500.00 793.01

1667.2 1666.67 1665.84 1665.16 1664.96 1665.45 1666.61 1668 1
1665.8 1665.03 1664.58 1664.47 1664.9 1666.06 1667.78 1668.97
1664.05 1663.9 1664 1664.31 1665.09 1666.89 1668.44 1669.28 1

675010.00 236500.00 793.47
679012.00 236500.00 793.93

1662.43 1663.17 1663.86 1664.45 1665.76 1667.79 1669.15 1670. 679014.00 236500.00 794.38
1661.27 1662.33 1663.92 1665.06 1666.76 1668.91 1671.24 1671. 675016.00 236500.00 794.87
1661.57 1662.53 1663.77 1666.16 1668.46 1669.98 1671.7 1672.5 679018.00 236500.00 795.43
1662.89 1663.57 1664.79 1667.08 1669.38 1670.83 1672.67 1673. 679020.00 236500.00 795.96
1664.96 1665.22 1665.73 1668.08 1670.02 1671.3 1674.13 1675.0 675022.00 236500.00 796.48
1666.74 1666.83 1667.49 1669.27 1670.54 1672.33 1674.98 1675. 679024.00. 236500.00 797.03

1668.36 1669.06 1669.8 1671 1672.33 1673.71 1675.47 1676.45 1 £7QN2 £ NN 29£E00 N0 797 _EC

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 param eters 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 LIDAR 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 H10 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
fricti on 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
18
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runout extent as a conservative upper bound and communicate the associated uncer-

tainty explicitly; obtain a high -resolution DEM (LIiDAR 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 Scen arios

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 theref ore of different scenarios (input files) with different input pa-
rameter s. The basic topographic input datais 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 .

Z T A «
¢k Lower left corner ;( 197
LRl (Xmin, Y min) e

W s
G 17557 /
KSi o ey RETIT2, i TSN G i A B
STRNILE o d) U e A s 2 A et s

Figure 4-3: The same project extent (area of interest) can be used to calculate
different scen arios 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:

1 Release area (or block release)
¢ 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 develo p in
regions where torrents limit the flow paths and the debris material mainly foll ows
the torrent channel.

For small unchanneled debris flows it is useful to use a release area with a given initial
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 definition s 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 disch arge hydrograph. Theref ore, we
recommend to use reference information such as photograph y, 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 Y) that scales with the normal stress and a velocity-squared drag or viscous -
turbulent friction (coefficient |). The frictional resistance S (Pa) is then

") (3.1)

Yoo x EOE "G A T%0

where & isthe density, g the gravitational acceleration, © the slope angle, h the flow
height and u the vector u = (ux,uy)T, consisting of the flow velocity inthe x - and y -
directions . The normal stress on the running surface, ahgf . o y & 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 (I was introduced by Voellmy by using hydro-
dynamic arguments). The friction coefficients are responsible for the behavior of the
flow. p 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 p and | of a calculation domain
are constant. H owever you have the possibilityto add up to two polygons within
the calculation domain with different p and | friction parameters (see exercise 3.5f
mPwto runaf t” [ Y dn@dge 59Pp.)

The Voellmy friction model has found wide application in the simulation of mass
move ments, especially snow avalanches. For modeling snow avalanches the Voellmy
model has been in use in Switzerland for many years and a set of stand ard 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 ( 1 = 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 [ a "hardening" parameter . The new equation for
the frictional resistance S is then

Y ‘0 ——  p

where No is the yield stress of the flowing material. Unlike a standard Mohr -Coulomb

type relation this formula ensuresthat SE| Ap . ¢- NE| At BE|AB AdcA1- [ BCtaSa,
shear stress and therefore causes the debris flow to stop earlier, depending on the

value of No.

—
o

g g
— Cohesion —
)] w
A us>0 @ Visco-plastic
o . o
7 " @
b N, _- No cohesion 2 N,
)] -7 w
- > —
Normal stress N (Pa) Normal stress N (Pa)
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 o . § BsaNcerelation remains p, when the normal pressures are large . Right: If
p=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 is both a function of the flow velocity and

-

terrain curvature. The accelerat ion is calculated according to
Q o b

The matrix K describes the track curvature in all directions, including the track
koplaomB AU, CA[C- 6B1>Y 1+~ A> BfCAlaAo. ¢-

O "Q

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 ©1 3t Ao . CRAC"CAAREAR z©1- [ CzV
vature ¢ B

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 v ariety 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. Theref ore,
the friction parameters should be varied to match observed fl ow 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 differences in

composition. This fact makes the calibration of the friction parameters much more

difficult and even requires a calibration for different events. Theref ore, 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.

5¢° t0106CAI¢-aloc161al A, >ALAs_ zAI

LAt - zAl Az A- ocAl1- > YS¢- [CABSa'Y caAS'YY:s~ " | BAE
near-linear effect on runout distance 7 ©t Bl 1- " ALA>B,  _ A| B1Ac, A| B

AEAT "

1" oG B
DAa. 1

runout on an approximately 800 m potential fan by roughly 200 m I b, 1" CAI A. s zAs

negligible effect on affected area and governs mainly in -channel velocity. Fan and Gal-
1CAvD| OYSAT- ZzCAC- zC- 0" | A[6CBATI R 1AA.0L €A BARZD C-
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.
E.C- Aft" " 1 Bsol, - Ac1_ CA1TaA” 1_106Sz*AAB1 BlolaSAf -
fine-o Y- 1- ' Al B

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 tc. The ero-
sion algorithm predicts the maximum potential depth of erosion em as a function of the
computed basal shear stress in each grid cell:

Q mA 1O t
Q ,QQT t EI10 t
Qt

The potential erosion depth (per kPa) dz/d ¢ 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 em is reached:

2q Mic £ Q
96 C
where e is the depth of erosion (relative to the start of the simulation) at time tand 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 -processingoption s® 5¢ a’Y ca AEA zzAqSCoh® 50 aYV odA
Subtract Erosion from DEM toAbothwith @ 5¢ a’Y" ca AEA zzAU A "Bt A. 1]
sion/Deposition) to DEM &

4.4.1 Interpreting the Default Erosion Thresholds

U, CAzS¢>t Y oAf B1 o] ltkPafnarks theBdint ai \Bhiclnenodian ®ecomes
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: Schirch et al. (2011) report, from the same measurement campaign, that sub-

stantial channel -bed erosion occurs once basal shear stress exceeds approximately 3 H

4 kPa. Both figures are field -based and are not in conflict J they describe different

points on the same erosion -probability curve J  but users should not expect erosion to
(SI. . SAal1 ' - 1>1[1- cAt aBaxceededhs a Aoc. CAzC>t Y oAg

4.4.2 Sensitivity of Results to the Erosion Rate

The default erosionrate (dz 8 z 0 A+ Az | B | OYA_ BasApt aAzGmBtuoS zA>B, _ /
mented event at lligraben (Berger et al., 2011), where erosion of up to 0.5 m was meas-

ured within 15 H21 s of front arrival. The same field campaign recorded a maximum in-

stantaneous erosion rate an orde r 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 defaulterosion -. = zY" CA[l Cx»A{HXKz &0uApHEB 2z05A:t BCAZSCB1 6
graben test site. Independent tests without re  -calibration exist at two other Swiss sites
J - Spreitgraben (Frank et al., 2015) and the Meretschibach/Bondasca catchments

(Frank et al., 2017) J both of which found the defaults broadly plausible but flagged
specific conditions (initial volumes below approximately 100 m3, channel gradients be-

~  p A1 | 3> A p.deaBlCrAay bethdcéssary or desirable to adjust” (Frank et al.,
2015). Schirch and McArdell (2018), applying the module to anon  -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 channe lized - 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::Debrisfow £t~ ~ _  paA_ Y o1 A" CACB, a1, -AA "~ 1" - arACst [,
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-

[ 1¢- oAz Hfeceder chanAdl -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 H60% 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:

barrier height

width of the barrier

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

slope angle of the deposit

= =4 -4 A -

Longitudinal section of net and retention area:

’I,,

Front view of net:

Y hbl
¢ b v i /
A hb,

v?2

—

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 Jand its mo-
mentum J 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 E Preferences to open the RAMMS preferences window or click the button

. For resetting the general preferences use  Help E 7 61 - [ € ZReskt 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 .t fw 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 .t fw 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 animatio n 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.

1 Click (or use Track E Preference s or Ctrl+P ) to open the RAMMS pref-
erences wind ow.

1 Click into the field Working direct ory. A wind ow pops up where you can
choose your new working direct ory. Click OK in both wind ows. 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:

Track Edit Input Show Run

Figure 4-9: Toolbar button to open an input file. You can also use

themenu UBt [~ AEAZAGC- vy AEAa- AYoAC1~ ¢

Figure 4-10: Toolbar button to open an output file. You can also use
themenu UB3t [ A E A 7 D&brissFIdvie Simulation .

Track Edit
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Recent -Menu

The menu UB3%t [~ A E A 5 Glfows yauvto 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:

9 Click on the Files tab in the right DEBRIS FLOWpanel.
91 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)

«+|C

Figure 4-11 Files tab and available project files (file _—traa, (Eshzj rgj)._
With the blue + button |, files from external directories can be added to
the file -tree. Refresh the tree with the refresh  -button.

1 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)

b P,
e
Figure 4-12: Selcted file (Blockr elease.shp) on the right is shown in the
visualization.

1 You can select and visualize as many files as you like!

Shapefile Properties

9 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
=43 Polygon

Release properties

Set as hydrograph
Deposition analysis

Delete

Shapefile properties

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 thickness, color or linestyle.
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Release Properties
9 Please see section 4.9.1 on how to specify release area properties.

Set as hydrograph
9 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
1 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:

1 Adddata:Usethebutton ¥ BAc. CA 8- 2YAA£#d§A: Ao At z
this shapefile is located outside of your project directory, it will be added to the
files -tree.

1 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.

9 Drag & Drop: see next section.
c. Drag & Drop :
dot aAA aalr” CAoc, AgBt ' AocAgB. AAoc. SA> -~ pil-
Input files (. db2)
Output files (.out.gz)

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

= = = =

4.8.3 Hillshade visualization

Use Extras A4 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 .ttw  -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

32



CHAPTER 4: Setup and Theory

is available (and the tfw -file is missing), youcanuse | Eoc Bt a AEAf BCt 0 S AUCEA>B,
TIFF (World File) to create the tfw -file from the Geo TIFF file, without using GIS.

To check which map and orthophoto is currently loaded in the project, open the project
input (or output) log ( Project A 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:

f Goto Extras E Add/Change Map or click @
9 If more than one map is found, the following wind ow 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
FANet\RAMMS\Mapsitest tif 2192 2712 3.34166
FANetiRAMMS\Mapsivdis-bigbig.tif 4060 4380 479636
FANetRAMMS\Mapshvdls_small tif 2192 2712 334168 ~
4 +

=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.
9 Select the map you wish to add and click Load selected map .

e. Map not found :

9 Ifthe question "No map found, continue search?" appears, you either z -
have an appropriate map, the map-folder direct ory 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.

1 Orclick No to cancel search.

f. Change remote sensing imagery:
f Goto Extras E Add/Change Image or click @
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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:

1 By clicking on the arrow = the model can be moved and resized.

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

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

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

the percentage value in the horizontal toolbar 2 1% =]
b. Terrain model has a dimension > 100%:

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

= =4

active as well. After clicking on this so-called view pan button ® O, it is
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 will return 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 RAMMS it is necess ary

to switch from 3D to 2D view:

INPUT: OUTPUT:
9 Draw new polygon shapefile € 1 Draw new polygon shapefile €

1 Release area formation EJ/ 1 Draw new line profile A%

1 Draw new domain T Measure distance and angle ==
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1 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 wind ow. It can be turned on and off by clicking on ”a

The colorbar can be moved anywhere in the screen (and can also get lost). Use
Project E Aet 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 r TRANSPARENCY / CONTOURS

MAX 10.00 Transparency %

0 = 0 a
MIN 000 @ X (1 (
Simulation Contour Lines(
COLORS 50 [ ] M7 a
X0

View O flat O real

Figure 4-22 Colorbar and visualization properties

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

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

I 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 %
[o]em > @

e o Simulation Contour Lines

COLORS o @ X e

r Various

Files  General Volumes Region
Shapefiles, MuXi-Files and Domain-Files

+|[c

=423 Polygan

O @ A_Hydrograph_Rel shp
O @ Bamiers.shp

H [ 111 bia sho

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 0.51.01.52.0
V_CONTOUR_LEVELS 5.0 10.0 50.0
P_CONTOUR_LEVELS 3.0 10.0 30.0

Changing colorbar color and position:

1 Open the editing window by using Edit @ Cootsrpoperies - O x|
E Colorbar Properties . o e o
f To change the colorbar properties T —
simply click into the field you want to oo [ Jeszssasy
change, then click OK. e —
Minor tick linestyle
‘ ::\Zimml glm.\l height (m)
f Use Edit E Toggle Colorbar Color to Co——
toggle the text - color of the colorbar be- Totiole____ ol

tween black and white. This can be use-

ful when changing the background color

of yoyr project (Tiack E Preferences E Figure 4-24: The Colorbar
Debris flow Tab E Background Color ). 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 automaticall y, 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 manuall y

a. Input file:

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

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

I 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
9 If you have moved and/or o r rotated your project for a better view, you can

save this p osition with Extras E Save Active Position
f You can now get back to this position anytime by using Extras E Reload
Paosition .

Exercise 3.4h:How to open an input file

Goto Track E Open E Input File, click = or use ctri+o .
A wind ow opens to browse for a debris flow input file (.db2).
Click Open after the file name was selected.

The project will be opened.

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

= =4 -8 - 9

Exercise 3.4i:How to visualize a shapefile

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

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

= =4 -4 =9
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Exercise 3.4j:How to open an o utput file/ debris flow simulation

Goto Track E Open... E Debris Flow Simulation , click "7 or use Ctrl+A .
A window opens to browse for a debris flow simulation file (*.out.gz)

Click OK

The simulation will be opened.

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

=A =4 -4 - A

4.8.8 About RAMMS

Some information about the RAMMS installation on your computer is found here:
Help E 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)itis necessary to

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

a calculation domain and

friction parameters ¥ At - .z Al

= =4 —a A

The definition of a smaller calculat ion 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 sim ulation 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 usedin  RAMMS::Debris flow 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 @  z z At huttam t&
or menu to visualize a shapefile from an-
other source.

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

Switch to 2D mode by clicking .

Activate the project by clicking on the map once.

Click £ (Draw new polygon shapefile ).

Click into the project where you want to sta  rt drawing the outline of the
release polygon.

1 Continue drawing the release polygon by moving the cursor and clicking
the left mouse button.

= =4 =4 A
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9 To end the release polygon, click the right  mouse button . The polygon will
be closed automatically.

0.00 025 0.50 0.75 1.00
Variable Release Height (m) I g

(o . . L 0 3 o AP &

Figure 4-26: Project with emerging release area

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

I 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.

I Choose anew 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:Howto open an existing release area (polygon shapefile)

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

1 Alternatively, you can use the Add databutton @ ormenu® E&Ilj Xz Azt ot
to add a shapefile from another source than your project directory to your
visualization .

Once a polygon areais created or opened, you can spec ify the release depth (in case of
a block release) . Switch to 2D mode , choose Input E Release area... E 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 DEBRIS FLOW
PARAMETER: Max velocity (mis) PARAMETER: Max velocity (mis)
Fies  General Display Volumes Region Fies  General Display Wolumes Region
Volumes and areas Volumes and areas
Proj rel area (m2} Proj rel area (m2)
Incl rel area (m2) Incl rel area (m2}
Block volume (m3) | 11448 | 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 | ViewiEdit release area
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)

I Switch to 2D mode by clicking .

1 Activate the project by clicking on the topography once.

i Click on the View/Edit release area button 4 (1), (in the horizontal
toolbar or in the volumes tab in the panel), choose 8- A'YOAEA 5¢"
5 BCLBBBAEAQqC oL 17 ook right IckcidtiieShagefileirttt®es Bilest
tab and select Release properties.

I Then click on the release area you want to get information on (2).Ared
polygon is drawn around the selected release area.  The following win-
dow appears :
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Track

d
.

mEE e ® @ B FiemE=t «

Edit Input Show Run Results GIS Extras Project Help

SEE M & oo xonoser B S

st ANOo¢e M BViE 6@ e

~ 4 AVALANCHE

PARAMETER:

= € RAMMS | Release Info X
Fles  General Display Volumes Region
Release area information

Mean slope angle (*): 41 03 ‘ §

Shapefiles, MuXi-Files and Domain-Files
E| a Poh.'gon

Mean altitude (m): 244014
E Release shp

-] @ vdls_forest_all shp
N @ _dom shp

[ 1[E] Marcshp

-2 MuXi

-[][E] M30_mu asc {input)
-] @ M30_x asc

Release volume Im3l 70147 51 e a Domain

Release depth do (m : [ €] Domain_dom shp

Incl. area (m2): 140295.0

Proj. area (m2) 105425 0 ‘

@ Marc_dom shp

@ Shape_Domain_dom shp
@ Test_dom shp (input)
@ Marc shp
E

Shape_Domain.shp

[] secondary 0

.0
-0
-

0

Cancel

3) _ v
< > £ >
©®
£ >
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
1 Enter a release depth in the field Release depth dO (m) . The corresponding
release volume is updated automatically.
1 Additionally, the following release area parameter are shown: mean slope an-
gle, mean altitude, projected area and inclined (real) area
1 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 dela ys
can be imported in the same way.

Each polygon in the shapefile must contain an attribute specifying its corresponding re-
lease depth Q. 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. Inthe Import Release Attributes  dialog, select the shapefile attribute contain-
ing the release depth 'Q (m).

3. If applicable, select the attribute containing the release delay (s). Other-
wise,leave the value setto <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 (discha rge) 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. est imated 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 maxi mum 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 b e possible to obtain ad-
ditional information for calibrating RAMMS by installing a monitor  ing station. Many debris
flows, when the monitoring data are simplified, have a relatively si mple triangular wave -
like shape (Figure 4-32). Assuming a well -estimated total volume (e.g. f ield data), max-
imum debris flow discharge ( Q) and corresponding time ( t1), 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 enc ourage 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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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.
Time t Discharge Q Velocity v

[s] [m 3/s] [m/s]
Point 0 0 0 6
Point 1 2.2 8.8 6
Point 2 1500 0 3
RELEASE PARAMETERS 7 [J 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  tmax. The time of maximum dis-

charge is typically observed just upslope of the leading edge of the flow, probably on

0, A BzS¢BA >At A>CpAaSf - zaAo AASCB.tAaAt A>CpA1]| ¢ a
flow at any given location. This allows the calculatio  n of the time at which the total vol-

ume passed the hydrograph location (  tens). 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 directi  on, 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 J 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

Flgure 4 36 : Definition of inflow dlrect|on of an mput hydrograph R

Exercise 3.5d: How to use the input hydrograph

Hydrograph location and calculation domain
I Draw a polygon area which extends over the potential debris flow width with
thee qBt pA- CpAA. " | 'tocl (Bee sectidrt #.9.T) Where you want to
place the input hydrogra ph (Figure 4-56). Be sure your release area covers
several grid cells ! The input will initially flow downhill perpen  dicular to the line .
Name your release area accordingly.
1 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

oa houses.shp

@s .

D@ Landsiid Shapefile properties

D@ newdon Release properties

{J2 Road.sh Import attributes from shapefile
g@ ::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)

9 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
I Onceyou startto 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:

1 Draw polygon shapefiles for varying erosion areas. Use 8- A'YOAEAyY -~ |
>1" CAEAqBs pAGSp Ay tddbthis.- Alj. s AC>1" ¢

1 Openthe Run Simulation window, change to the Erosion Tab and start to enter
the erosion characteristics.

1. Select shapefile
Choose/select parameters, see Table 4.2 below for details.
3. Click the + button to add your selection to the  Erosion Shapefile List .

N
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4 RAMMS | Run Simulation

General Params Mu/¥  Release Erosion
EROSION PARAMETERS | B
Erosion shapefile Properties
click to select | 9 = X
Erozion density (kgfm3): 2000.0
Eromion rate (mis): 0.0250 || Normal
Pat. erozion depth (per kPa): | 0100 | [medium
Critical shear stress (kPa): 1.000 medium
hax erozion depth (m: 0.00
Addd shapefile o izt 3
|
Erosion Shapefile List l'
Delete | (Clear List

Figure 4-38: Erosion Tab

BACOCBI Aa. t ASC>1" CAI
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Erosion Parameters

Parameter
Erosion density :
(kg/m3)

Erosion rate :
(m/s, default 0.025)

1 Loose, wet sedi-
ment (0.05 m/s)

9 Normal (0.025
m/s)

9 Densely packed
sediment (0.013
m/s)

Pot. erosion depth

(per kPa, default

0.1)

7 deep (0.2 per kPa)

9 medium (0.1 per
kPa)

1 shallow (0.05 per
kPa)

Critical shear

stress : (kPa, default

1.0)

9 low (0.5 kPa)
9 medium (1.0 kPa)
1 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 lligr  aben 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, pote ntially resulting in relatively large de-
bris flow snouts.

This parameter controls the maximum potential erosion depth (var iable
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 sl  ope of the line
which relates e m 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 boul-
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 a
curve fit to the data reported by Schirch et al. (2011).

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 there

is only a limited amount of sediment available).  The default value is 0.0,
meaning that the erosion algorithm is calculating the max erosion
depth itself.
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4.9.4 Flexible barriers (nets)

Drawing barrier locations.  Draw one or more polygons at the net/barrier location(s) J
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)

MIN / MAX / COLORS \ T 1 —

w [T5e | | T
o L] Simulation Contour Lines
coors [ 50 ||@

- Various

Fies  General Volumes i
Shapefiles, MuXi-Files and Dpmain-Files
[#[e]
=43 Polygon
[J/& 00_Run_01.shp

sh  Shapefile properties

Release properties

Import attributes from shapefile
Set as hydrograph

Set as barrier (net)

Remove barrier (net)
Deposition analysis

Delete

2 Testshp
£ 00_Run_01shp

jm[is[m[m]
(i)
i
g
g'r
i

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 J 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 shapefil e.

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 m3) 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 "] 00_Run_01 s |
0 400 2500 1444 227641 30.82 —EIS Ao Shapefile properties
Legend: E 5] bamer20 Release properties
) e . [ 13 barmier 1

Id: Id of polygon within shapefile 8 - : .
He Barrie? hzigght m) P -] E] banier_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, ~(_][E] Erosion <
fictional) 0B houses2 Remove barrier (net)

18 houses Do

- position analysis
1[5 profile sk
C1E) Rel_128 Delete
C12) Fe 128 e
— 112 rel_198.shp (nput) | X

Figure 4-43: Left: the "RAMMS | Barriers" dialog, shown when right  -clicking a
shapefile that already has barrier parameters defined J lists barrier height (H),
width (W), mean slope (S), estimated retention volume (Vr) and maximum retained
height (Hr) per polygon. Ri ght: 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 J 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 J see
the Stopping criteria section in Chapter 4.
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LAYILE ] Sl nig, | WU LAY L | | e

- Stop Criteria
Percentage of total mementum (% '?
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 setto 1% J the recommended value when
using flexible barriers.

4.95 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 limi t the calculation domain to the area of interest.

Switch to 2D mode and choose Input E Calculation Domain... E 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

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

B s

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

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

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

f Click the Max Flow Height button ®.

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

Click GIS4 | E A  BjoCreAte Envelope Shapefile

Question : Use buffer?

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

= =4 =9
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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 !
I 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 ).
1 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

f  Switch back to the input file ~— *
 Uselnput 4f+° [ Y t o1, - AlpadEkistingDdmain to load your
envelope shapefile as a new calculation domain, see  Figure 4-50 below.

—
3
5
=
5

()
-
Q
o9
0

N

;

o

Figure 4-50: Input file with optimized calculation domai (envepe shapefile)

1 Now redo your simulation with a simulation resolution of 2m.
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3
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[=2]
D
=
3
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Figure 4-51: Max Flow Height result of a 2m simulation

9 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

9! To run a simulation choose Run E Run Simulation or click @
1 The RAMMS | Run Simulation wind ow opens. Before clicking Run Simulation ,
you should check the input parameters.

General Tab:

- SCENARIO Name
(1) Scenario output n ame: 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 | nformation

(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 criteri on,
see section 5.4.

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

Remarks

Q) k| afsACmA - zA kf
used to cancel resp. start a simu-
lation.

(20) 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 l |

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

2

r Additional Information

Wikdibach 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

Ol

- 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 e xercise 3.5f: How to run a simulation
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Params Tab

(1) Simulation Parameters R .

T

a a . General | Params u/Xi Release Erosion
Sim resolution : Change, if neces-

PARAMETERS

sary. The resolution should al- e
ways be chosen so that im- Sl il e
portant features of the terrain are Frdtme o —

represented in the terrain model. e BT

High resolution grids will extend Nr of threads: 16~ (used for the simul{tion)
your calculation time . Miscellansous Parameters
End time : Choose simulation end Obstacle/Dam file B
time . Curvature ©on Q off

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.

Density : Keep the default value
for density if no further infor-
mation on the debris flow mate-
rial is available (2000 kg/m 3). O Run in background Cancel  RUN SIMULATION
Nr of threads: Choose number of Figure 4-53: Parameter Tab
threads RAMMS should use for

the parallelized simulation (CPU).

Dump step (s): 5.00 l

(2) Miscellaneous Parameters

1

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) J see section 4.9.4.)

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 LAt -
X. Start first scenario simulation with
zC>1Y ocAes2,x¥§208uv LA

m/s?). More information on frictional @ RAMMS | Run Simulation %
resistance is given in sections 4.3 = Parame'ease e
and 6.1. MUIXI FRICTION PARAMETERS | 7
r Friction Values
(2) Check box Define Additional MuXi R 1
: Mu():
Areas : if you want to add polygon

|:| Define additional MuXi areas é 2

Shapefile 1 Shapefile 2

BSC' 1 - aAplo. Azvak>¢
ues. e.g. to represent significant
changes in the channel, heavily for-
ested areas or perhaps smooth

roads. Load the corresponding poly- ~Yield Stress (Cohesion]
! L= ,& o, t AS>1" ¢ a ALX— Z Help about using Yield Stress | § é 3

for up to two additional regions. Be Calbratd when ueing i parametert e
very careful in using this feature!

ield stress zone: | o = X

Yield stress (Pa):

(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. LR ont ez B (LT CLLTIT

Figure 4-54: MuXi Tab
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Continuation of exercise 3.  5f: How to run a simulation H Hydrograph/Block release

Release - Hydrograph Tab
The default RELEASE mechanis m for debris flows isa 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-

@,.,,

. + . -
fled,a . bUtton IS Shown A General Params Mu/Xi Erosion
tooltip will show the additional
Shapeﬁle names when moving RELEASE PARAMETERS ¥ (0 Use BLOCK release
w1
r Release Information
the moqse qver the button. oo
(4) Inflow direction (degrees) : De- oereon ; €= 2

. . ) ; Hydrograph Parameters
fine the inflow direction of the e 3
debrls ﬂOW at the hydrograph In_ No release shapefile specified! e

q . _ . - A
put location. Check Automatic to e

. . Inflow direction (degrees) 100 9 [J Automatic
let RAMMS set the inflow direc- D
3 g A r 3-Poin rogra 5
tion. Click the info button for a ”” “;"" eraph E( e o 2l
. . . . . Vol (m3 Qmax (m3/s) t1 (s v (m/s) 2 (s
detailed description of inflow di- 10000 100 10 5 200000 ©
rection.
(O Edit hydrograph table é 6

(5) 3-Point Hydrograph Cal culation :
Define a discharge hydrograph
by entering total volume V (maxi- 100
mum discharge Qmax IS calculated
automatically according to Rick-
enmann, 1999), corresponding e e A
time at which the maximum oc- Time
curs (tmax) and velocity v. End
time (tend) of the input hydro- [0 Run in background Cancel RUN SIMULATION
graph is automatically calculated. Figure 4-55: Hydrograph Tab

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

Hydrograph-Plot Hydrograph-Table é o/
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@ RAMMS | Run Simulation

General  Params Mu/ﬁ@&nsion[ 1
Release - Block Release Tab

RELEASE PARAMETERS | § [~] Use BLOCK release
r Rel Information
(1) Use BLOCK release (Check box) : H?dmgran
Click this_check_box to do a block Block Release Information || @G 2
release simulation .

r Subtract Rel Depth

(2) Block Release Help [] Subtract release depth from DEM e 3

(3) Subtract release height from e v e
DEM (Check box): Subtracts the Flename
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.

Volume (m3) Depth (m) Delay (s)

release.shp 10166.30 1.00 0.0 o

<«

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.

Erosion Tab

(1) Erosion Shapefile : Specify your
erosion shapefile area .

(2) Erosion Parameters: Specify ero-
sion parameters. Use dropdown
menus to select parameter values.
See section 4.9.3 for more details
about erosion parameters.

(3) Add to list button:  Click the button
to add your erosion shapefile and
parameters to your erosion list.

(4) Erosion shapefile list:  List of ero-
sion shapefiles and parameters.
You can delete single entries or the
whole list with the buttons  Delete
and Clear List.

(5) Run Simulation button .

5f: How to run a simulation H Erosion

@ RAMMS | Run Simulation *

General Params Mu/X Release

EROSION PARAMETERS ?

Erosion Shapefile Properties
: = <€« 1
erosion.shp | o = X
—
Ero=ion density (kg/m3): 2000.0

Mormal 2 v

=1
=
[

A

Ero=ion rate (m/s): 025
Loo=ze, wet gediment
Pot. erosion depth (per kPa): | 0.100 | jrypsss)
Den=zely pacfed sediment
Critical shear stress (kPa): 1.000 | 'mediom ~

Max erosion depth (mj):

Add shapefile @ tolst 3

Erosion Shapefile List
Delete | |Clear List 4
|:| 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 H Start Simulation

1 Click RUN SIMULATION.

I 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 - m} X

elements and

\Test.out...

MOVING MOMENTUM: 1@@.@ percent (

FLOW VOLUME: 1196.66 m3

ERODED VOLUME: ©.88 m3

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

2918 Igor Pavlov 2818-11-18

Creating archive E:\RAMMS\DEBRISFLOW\Beispiele\Test\Test.out.gz

Compressing Test.out

S_USER_64bit_IDL85_1.7.8>»del /F /Q E:\RAMMS\DEBRIS bl \ sth\Test.out

0 SIMULATION Test.out.g NIS SU SSFULLY!

ie ei el e ..
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 UB3t [~ AEAtGSCpY AEAS Y. Art of . Alj1
Track Edit Input Show Run Results GIS Extras Project Help
New... > Project Wizard Ctrl+W
Open... > Convert XYZ Data -» Raster Data B
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 simulatio ns

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 UB+t [~ AEAI t © %rilick thelcdtresponding 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 UBt [~ AEAGSCpY AEAS Y. Art of .

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 53¢Ca’Y oa

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 File s 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 YB. = CJ cAEAZYoAYoAR,

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:
f calculation time,
1 simulation resolution,
1 number of computational cells and nodes,
1 calculated release or hydrograph volume,
1 overall maximum velocity,
1 overall maximum flow height,
{1 overall maximum pressure.

1 Solver (GPU if available).
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| Q‘ RAMMS | Standard Qutput Log File
| 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!

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.

=>>USING GPU SOLVER - NVIDIA RTX 2000 Ada Generation Laptop GPU, 73442 cells, forced by -gpu <<<

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 lodfile 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 YyB ~¢JocAEAa
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 s pecifi-
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 'U'cnlumes
- 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 1.836 (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 kmz2,

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
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at each location, whereas dump

opment and dynamics of the flow.

-step results are used to analyze the temporal devel-

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:

=A =4 =4 =8 4 4

(0]

(0]

o O O O

(0]

Flow Height ®
Flow Velocity
Flow Pressure
Flow Momentum
Erosion

Max values

Height @_
Velocity @)

Impact Pressure |@|

Line Load @ (see section 5.3.2)
Momentum

Shear Stress

Erosion

1 DEM Adaptions (Add Deposition to DEM)
1 Flow Analysis (Summary of Moving Mass)
9 Friction Values ( i, |)

These results are all visualized in the topography. See exercise

1 " 'Yielaw .

kqlaA™ £ 1 1-
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Exercise 4.2 a: Displaying calculation values

The maximum values of flow height, velocity and pressure give a good overview of the
dimension of the debris flow. You findthem here: 5¢ a Y ca AEAS L EAGL " 'Y

_ Max flow height
- Max flow velocity

- Max impact pressure

Figure 5-4: Results: Maximum values of flow height (left),
velocity (middle) and impact pressure (right)

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 @
© x 0
View O flat O real

Figure 5-5: Toggle between flat and real view (quasi  -3D).
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LN N \ - N
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:
9 Line Profile
M1 Time Plot

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 k R pAoc. Az Bt p Abelowl- CAAB,

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.t xt is additionally saved in the project directory. If you want to keep this

point, you have to save it, see exercise k B p Ao, A[ B¢t o Befow ATtelpoit AA~ om
info file can be visualizedwith | Ec Bt a AEAY 1- oV IAGHA&.1 SpAYy. 1- o

Flow discharge plot

The 5¢aY caAEAqglaf .t B’ A cacllaRd the debyiB -flovi distharge
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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