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Modeling Lahars for Public Safety at Mt Rainier -
LaharZ on VICTOR

Objectives:
1.Analyze and discuss the formation and hazards of lahars specific to Mt. Rainier
2.Model lahar flow scenarios using LaharZ on VICTOR
3.Evaluate current evacuation route based of hazard modeling practices and make

recommendations for at-risk locations

Introduction and Background:

Using the LaharZ model on VICTOR, you will 20 W
simulate lahar flow scenarios specific to Mt. |- i
Rainier to understand how these hazardous
flows behave across different landscapes. By
analyzing model outputs and evaluating real-
world data, you will assess the effectiveness
of current evacuation routes and identify at-
risk locations. This lab will strengthen your
problem-solving skills by applying hazard
modeling practices to real-world risk
assessment and mitigation.

Preparation and Materials:
You will need...
* Access to the Internet.
* To beregistered on VICTOR.
o If you have not completed this step yet, navigate to victorproject.org and fill out the
form under ‘sign up’ in the menu.
%k The VICTOR team needs to manually confirm all registrations, so this may take up to 24
hours.

* Optional tasks: VICTOR Youtube:
o Background reading or review of the LaharZ model.
= |aharZ paper:_tinyurl.com/2hb9ksz2
o Watch the Introduction to VICTOR Youtube video.
o Watch the LaharZ on VICTOR tutorial.



https://www.facebook.com/USGSVolcanoes/photos/usgs-scientist-holly-martinson-studies-mudflows-from-the-may-18-1980-eruption-of/1640675652627656/?_rdr
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Tasks and Procedures

Part One:

Getting Started on VICTOR:

e

1. Loginto VICTOR at hub.victorproject.org
2. "Server Options”

o Ensure Victor Notebook is selected

o Under resource allocation, select

7.4 GBE RAM, upto 3.7 CPUs

o Clicking & =il
Launcher.

will bring you to The

3. The Launcher and VICTOR Setup command

Toker

Server Options

CPU Only
Image Victor Notahooi:

Resoures

1.9 GE RAM 3.7 CPUs
Aloctlen 9 GE RAM, upio 3.7 CPLUs

NVIDIA Tesla T4, ~16 GB, ~4 CPUs

Starl a contakner on a dedcaled node with a GPU

Image Victor Notobooi

* From the Launcher, open a new terminal by clicking the terminal icon at the

bottom left of your launcher.

* Inthe new terminal, type victor setup and press enter.

» |dentify LaharZ inthe list that appears

e Type its corresponding number and press enter.

@ Terminal 2 ¥ |+

(notebook) jovyan@jupyter-ameliamullins:~$ wictor setup

Hello, and welcome to the VICTOR platform.

We have a huge variety of models and tools for use.
This program is meant to make it simple to set up workflows and associated files.
To set up, please choose the number next to the model listed below.

1: alphaMELTS

2: COMFLOW

3: DISGAS

4: HAZMAP

5: HYSPLIT

6: IMEX (Lawva)

T: IMEX_STloW2D_V2
8: LaharZ

OT CAVRZD

18: MR LAVA LOBA
11: MOLASSES

12: PYFLOWGO/DOWNFLOWGD
13: Scoops3D

14: SULFUR_X

15: TEPHRAZ

16: TITANZD

17: TWODEE

Model:

* On the left of your screen, a folder called W@ LaharZ

4. Choosing a DEM:
e Navigate to M /shared/DEMs/
e Copy the Mt. Rainier DEM that will appear as
and selecting copy.

will appear.

in your home directory and open the @m NorthAmerica folder.
M Rainier.tif by right clicking on the file name

* Return to the LaharZ folder and open it by double clicking.

e Paste the Rainier DEM into the mm/LaharZ [ example | folder by right clicking within the folder the
selecting paste. The procedures below will assist you in running the model with the Mt. Rainier

DEM.

: |

Terminal
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Part Two:
Running the Model: LaharZ
1.From the laucher window, open the desktop by clicking the desktop
icon at the top of the window. D

2.0nce you are in the desktop, open a terminal window by clicking on
the dark gray terminal icon at the bottom of your screen.

= 1

3. Change directory into the folder LaharZ by typing cd ~/LaharZ inthe terminal window
and pressing enter.

4. Run the program by typing python laharz.py and pressing enter. A new window will
appear.

Desktop [A]

= Terminal A - O X
File Edit WView 5earch Terminal Help

jovyan@jupyter-victoruserexample :~% cd ~/laharl
jovyan@jupyter- victoruserexample:~/LaharZ$ pythomdaharz.py

5. In the Graphical User Interface (GUI), type [exampld |for the

Generate Initiation Foints

. . . DEM File
6. Use the visual example on the right to input the Strean and Flow Direction Files
« Generate files
target values. llse your cen files
e Enter the input parameters for the initiation SR eI s o v
pOintS Streams file v MR-streams. tif

¢ Click the “Initiation points” button
e If asked, click “overwrite” button

7. You will now visualize the lahars initiation points
using a GIS program called QGIS. Return to the
desktop by minimizing (not closing) the GUI. Open
QGIS by clicking the icon: N

Strean Threshold
Flow direction file
Deternine Energy Cone Apex

s Search File
* [lse Longitude/Latitude

Bpex

Incresental Height
H/L Ratio
Sea Level

= Plot Energy Cone Graphics
Energy Cone Graphics Fils
Extent.

Energy Cone Line Fils
Proxisal Hazard Zore File

Initiation Points File

Back

10040,

a0
0.4

0. 0

Unchack box to dissble overwrits chack
MR_e&c_oone, tif
1.5
MR_scline, taf
prox_hz_zn gpkg

MR_ipl. aphg

Initistion points
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Part Two: (continued)

Running the Model: LaharZ

8. Load the Mt Rainier DEM using “Layer->Add Layer->Add Raster Layer” from the menu at the
top of your window.

Source

Raster dataset(s) /homefjovyan/LaharZ/example/Rainier.tif L < |
w Options

9. Add the initiation points just created using “Layer->Add Layer->Add Vector Layer” and

loading the file | MRipl.gpkg (MR_ipl.gpkg)

F FE— - .
@ Data Source Manager | Vector A-DOX

® Source Type

v, Vector * File Directory Database Protocol: HTTP{S), cloud. etc. OGC AP
L)

g Paster Encoding Automatic

G L --
T Mesh Saurce

o Foint Cloud Vector Dataset(s) /homefjovyan/LaharZ/example/MR_ipl.gpkg a

Delimited Text

e D

This is what your visual output should look like at this step:
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Part Two: (continued)

VICTOR

N

Running the Model: LaharZ

A Applications = ™ LaharZ 2.1.4 >\I’ (& *Untitled Project — QGIS B Terminal

10. Return to the GUI and click (reate Flow Outputs to runit.

11. Enter the file names to use the results of the first step and update flow parameters using the
visual example below.
¢ Change the Scenario to “Custom” and the Planar Area to 200.0 (note the .0)

Generate Flows

ed, leb, Def

DE File Jakniee. 111 Rame of your D81 ile in example Volume (s) led, 1ed, bed

Strems File Kams of your streams fils in sxmple (not uesd to penerets floss) Scenario Lahar -

Flow Directice File -1 lomdic, 21 W of woam fow dizecticn file in ezample Cross sectional apea: 2 1 Eﬁ?'u ]
yroc Lest e

Indtistion Points File 1oL fme of the file with the initis Planar Area kon

o duee (2) led, lef, Bef ol T in a list separated by coomes

Soerario Cuartom Feme of the scenaric to we

Croan sactional aseac € 1 §e.] Valus of the ¢l passestar

Pleve Azea € .0 Valus of the ol parsester

Covas Sectional Acea » ci¥

Flaar Azea » ca¥ %1°

Soa Level L G Flow will stop at sea leval

ot b L6 disshle seerwil s
Flow Qutput Directory M_Laharn Birectory for flow cutput ramter files
Flhw ceotpet wector fils w File nass for flow wector file
= Crnats Flowa
A Applications : ™ LaharZ 2.1.4 & *Untitled Prolcctj\l_OGIS B Terminal

12. Return to your QGIS project. Add flow output tiff files fro:‘; the results folder using
Layer~Add Layer »Add Raster Layer and choosing the file total.tif from the MR_Lahars folder.

Q Data Source Manager | Raster A . OMNM

. Browser Source Type
. o Vector ® File () Protocol: HTTP(S), cloud, etc. | OGC APl

':; Raster

Source

Raster dataset(s) /nemejovyan/LaharZiexample™R_Lahars/Total tf a

; Paint Clowd

w Ontinns
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Part Three

Visualizing Input Volumes

A Applications = ™ LaharZ 2.1.4 () *Untitled Project — QGl;, B Terminal

1.1n QGIS, you can visualize the input volumes ( 164, 1€5, 55 )&Dnavigating to “Layer->Add
Layer->Add Raster Layer.”

2.Similar to adding the ‘total.tif’ file in the previous section, you will add the files named as
each inputted volume, shown below.

Name ~ Sjze Type Date Modified =
V5-00e05.tif 11....KiB tif File 4/9/25 5:13 PM
V1-00e05.tif 11....KiB tif File 4/9/25 5:13 PM
V1-00e04 tif 10....KiB tif File 4/9/25 5:13 PM

B Total tif ....KiB tif File 4/9/25 5:13 PM

You are able add the files individually, by selecting one and clicking ‘apply’ until all three have
been added. Or, select all three files and click ‘apply.’

Source

Raster dataset(s) rs/V1-00e05.tif* "/home/jovyan/LaharZ/example/MR_Lahars/V1-00e04.tif"

w Nntinne

3. Once all three volumes are added as layers, Layers e®
you can hide or show each layer by selecting or v eT $ T 0
deselecting the check box next to the layer name -
in the “layers” panel at the bottom left of your i

window. I

In the example on the right, the visual display is e e

showing the input volume 5e5, while hiding 1e2 bl

and leb.

Use the space below to write 3-5 sentences I ia

comparing and contrasting the visual outputs g ;';n;"lfgra‘;;‘

between all three volumes. a4

At this step, your visual output will still be in grayscale. Use the procedures on the following
pages to adjust the visualization of the flow output (these steps are optional). The next required
procedures of your lab are on page 11.
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Part Four: (optional)

Adjust the Visualization of the Flow Outputs: Color

e M) e o —— LAFLERD . A [

1.In the ‘layers’ panel at the bottom left of your GQIS screen, double click the Rainier layer.

2.A window will appear. From here, ensure you are in the ‘symbology’ tab from the list on the
left of the window.

3.Change the drop down menu labeled “Render Type” at the top of the window to “Singleband
Pseudocolor”

Project [dR \ew Leyer Settings Plagies (G + « Ralnber — Sy v ..;;]
BREE {) Ao v Band Ren -

LLAT AL 1"

OETYT=To poraet M 43750031200

1668821
AT
BT 0L

) WES [ OGC AR - Featunes.
& MG REST Servery

AT a2

B s

l 166 TDOT4S
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Part Four: (optional)

Q\\

Adjust the Visualization of the Flow Outputs: Color

4. In order to match the example, click the arrow to the right of the ‘color ramp’ option.
5. Hover over ‘All color ramps’ from the list that appears and choose “BrBG.”

6. Click the arrow to the right of color ramp again and click ‘Invert Color Ramp’ at the top of the
list that appears.

7. Click apply before closing the window.

-
Layer Properties - Rainler — Symbology ~ M
' w Band Rendering
Render fype  Singleband pseudocolor =
Band Band 1 [Gray)
Min 667007448 Max 4375.1821289
¥ Min [ Max Value Settings
Licgar Blues
[ T -
Color ramp I BuGn
) L0
Bl
Labsel precision 1 Blues B Cividis a
. Crndis Iﬁl'ﬂu
Walis Color  Label
il Greens I Greers
TEE.TOUT.. Hl Grey: W Greys
1662821, Il pagrma Il infemo
. Mako . Magma
2570,941.. I | Ry B »ako
473,061, I Rects il orkd
B Rocker 1 oanges
4375,182.. 11 spectral I | #RGn
Mode |Continupus = I turba Ilrve Classes
_ . Wirides . Plagma
Clagsify || || =] |&® B All Color Ramps d Ml rueu Lagand S
Clip aut of range values Create Mew Color Ramp.. 1l FuBuGn
Edit Color Ramp.., ) Puos
¥ Layer Rendering Save Color Ramg... W Purd
Blending mode  Mormal = 1l Purples * Reset
Fd
wm —————— '] — Contrast - I I By [4]
I || iy
Gamma -— 1.0:0 ‘Saturateon = l RedPu Q
I | ravisu —
Style - noel || o dpply || Sikelp
I | Refvicin

This is what your visual output will look like at this step:
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Part Four: (optional)

Adjust the Visualization of the Flow Outputs: Topography

TUNLILIEG Frojgect — Yuls

1.Navigate to the Raster menu item at the = cco [0 pstsbese web mesh processing Help

top of the window S | ' Raster Calculator... sz W (T £ B- O -
B & & Aspect.. !
2.Hover over ‘Analysis’ and select Projections | @ Fil NoData...
‘Hillshade’ from the list that appears. TS 5
R . . Extraction +| [l Grid (Data Metrics)
3.After ensurlng the DEM belng used |S Conversion ¥ h‘.ﬁndtlnv&rse Distance to a Power)...
Rainier.tif, select ‘run’ at the bottom of B Do P e

«» Hillshade. ..

the window that appears. R 1] tear Black.. y;
;—'

1

L™ Proximity (Raster Distance)...
- | & Roughness...
B G2 Sieve...

4. Close the window and double click the new ‘Hillshade’ layer in the layers panel.

5. Ensure you are in the symbology tab. Open the dropdown menu under the “Blending Mode”
option and select overlay.

6. Click apply at the bottom of the window.

(@ Layer Properties - Hillshade — Symbology ~ K|
H w Band Rendering
Rendar type | Singlaband gray
Gray band Band 1 [Gray)
Codor gradient | Black to White
Min 1 Max 181

Conbrast
enhancement | Jtretch to Minkax

L W T —

Lightar
Sereen
[Dodge
Addition
Darken Ligend Settings...
L,
¥ Layer Rendat ey
—— s
o Contrast — e— [ =
Hard Light
—
Gamima = Saturation a
Iervert colees SuBLIBC Grayscabe  Odf
Hue Colorize Strength
¥ Resampling
Zoormixd: i | Nearest Meighbour = | out | Noarest Neighbowr = Overiampling 200 @ 3 Earty resampling
Stybe - ok | X cCancel o Apply =« Help
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Part Four: (optional)

7. Open the ‘Transparency’ tab in the same window.
8. Adjust the ‘global opacity’ slider to around 25%.
9. Click apply at the bottom of the window.

Adjust the Visualization of the Flow Outputs: Topography

[Q Layer Properties - Hillshade — Symbokgy ~ x|
L ¥ Band Rendering

Render type | Singleband grary
Grayband  Band 1 [Gray)
Color gradient | Black o White

Min 1 Max 181

Contrast

& “Streboh to MenMan

Dodge
Adton
Durken Lgend Sekiings...
Hultiply
Ramdan
o e E N | e
oo bl Conir
Hard Light
G —
Dufference —_—
MEFVBIE COMSFE | gobback Graysesls | OM
ve Colorize strengt
v Hesampling

Zoomed: in Nuruluung ot m‘.mw ! Drl-ﬂ..rr#lq 2.00 a Eﬂrmﬁw&-ﬁg
Help
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Part Five

Analyze Model Outputs and Make Recommendations

Using your visual outputs, you will analyze potential impacts on Mt. Rainier's surrounding
communities. You will focus on applying your model results to evaluate real-world hazard
preparedness and response.

To complete this step you will...
1. Choose a nearby town from the following: Longmire, Paradise, Sunrise. The map below shows

these locations.

See Mount Rainier inset Maps for Zores to the North and the Wast : X
Fuyallup Indian lhl / 4 f/.{r,
A .
\_’.’W’“ \ Muckleshoot ladian Rei N Creen g, “' i,
-' Enumclaw ke 3
Puget W”“P = White  Gregnwater 4\
o ll_ i J_,;f' & il Unlcanu Hazard Iaﬂes
v 4 3 MNear-volcane: kva
BI.II:HB'( “mJ ] I and myrockastic llows,
! Mountain Lake II thick beghra, Ethars
e ballissic ejecta, nock fal
Graham ; Lk
I ;j s ahars
2 m / ﬁ;ﬂw? J & [volcanic mudowsk
\__.1' ian Raes. \ l : 4 I potentially {ar-travelied in
*--_.\\,‘ & \ e T .‘| 2t ) - — — 1 | viliys: draining woktang
", 3 .
o N ) | 1 4 gl Nt Welcanic ash
' N vﬂ,m\RéM:Kanna 1 My | (not shownl: fise
1 f Ph T - 1 - { A teagments of volcanis
i) B R =¥ . rise — el 7| rock canried dowswind
| ||l s o - é :g'ﬁb g.(f f
[ 4 S 8 / =
) 3 £ @
. & . g
|J)'w ™ by
s
0 Centralia ’ .
k 3 4 . Rimrock
;L 5 \\_II."J Kivgr _‘ \\_P“ ol Lake =il
i 2 W2 ! 1.
—
Packwood Lath e
V- SR
South FoT ' b W
i) l—.-”-/ TN oS o8
: A~ o= ; ; S
" "l - W g — Mount Adams b T - '5 IU e
. e Hazard Zone LI = |
% Contant and graphics Riffe P : [ .
rm'm'r.:s of Maveh, 2014y one o5 | Ck DTRATS J
=

2. Research evacuation routes for your town. use reliable sources such as local government .gov

websites, USGS resources, etc.
3. Evaluate current evacuation routes and preparedness strategies by answering the following

questions. To answer these questions, you will use your visual outputs, the provided USGS map,

and the evacuation route materials you sourced.
e Arethe current evacuation routes safe given the direction of lahars indicated in your visual

outputs?
e Which important infrastructure landmarks in this area need to be considered?

Next, make recommendations.
Based on your research of preparedness and mitigation strategies, make recommendations
specific to your target location. This can pertain to signage, community awareness (especially
considering local infrastructure), or additional route options.




