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2010-2020 The Vhub Era
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[AII]

ash (2)

ash clouds (1)
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ash transport (3)
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BET_UNREST (1)
bet_vh (1)

cation per formula unit (2)

HOME

5
Resources

> An Open Source Tool for Visualizing...
Approximation by Localized Penalized...
Arithmetic Demo
AshCalc
ATM-Based Crevasse Detection &...
Bent - Atmospheric Plume Analysis
Bent-Hysplit Workflow Tool
CF-Processing Tool
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2010—-2020 The Vhub Era
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Goals for VICTOR =y

Make it easier to run computational models and tools
Broaden model literacy

Reduce volcanic hazards by making models more accessible
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Parallel efforts

community surface
dynamics modeling system

Learn more at victorproject.org
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A Technical View of the Hub TN

e Running Ubuntu 22.04

e Fully featured C/C++, Fortran compilers, as well as Javascript,
Python, R interpreters

e A variety of python packages for machine learning, image
recognition, and remote storage access (S3, Google Cloud,
Azure)
o The majority of packages are installed through a conda environment,

allowing for great flexibility

e Hosted through AWS EC2 instances managed by Kubernetes

control panel



Connect to the VICTOR JupyterHub

1) From main site, or via
hub.victorproject.org

Learn more at victorproject.org

The 2i2c JupyterHub for VICTOR

:VICTOR
Operated by: 2i2c | Funded by: National Science
Foundation | Designed by: 2i2¢c

Log in to continue

Welcome to the VICTOR 2i2¢ JupyterHub.

VICTOR, or Volcanology Infrastructure for
Computational Tools and Resources (VICTOR), is a
pilot service running on open source infrastructure.
It is designed for for use by the volcano science
community, providing a standard environment and
set of tools for all users.

v
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Connect to the VICTOR JupyterHub N

@ 1731 O box B

1) From mainsite, orvia - ° - g o
7 Jupyterhub  Home Token Admin © ei”at'e""d”
hub.victorproject.org

Server Options

(-]

CPU Only
Image [ Victor Notebook ]
2) Choose a server type e tenin e |

NVIDIA Tesla T4, ~16 GB, ~4 CPUs

Start a container on a dedicated node with a GPU

Image [ Victor Notebook ]

Learn more at victorproject.org



The Launch Pad

2VICTOR

[ YoX ) a2 VICTOR X | mygettopo.ipynb (4) - Jupyte X = JupyterLab (auto-c) X JupyterLab (auto-V) X  +
<« > C 25  victor.2i2c.cloud/user/einatlev-ldeo/lab/workspaces/auto-V
.~ File Edit View Run Kernel Git Tabs Settings Help
' B + c [ Launcher +
&
=
- - IE Notebook
‘ Filter files by name Q
O m
TN T & D P ®R @
r‘ @8 Conflow 4 months ago
Python [conda Desktop [7] panel [7] R [conda RStudio [7] Shiny [7]
B8 DEMs 2 hours ago env:notebook] * env:notebook] *
Q} B8 Desktop 2 months ago
8 Downflow 5 months ago c |
onsole
= @8 Downloads 9 months ago
B8 Hysplit last year
* 8 Iceland_2... 9 months ago p
8 Iceland_N... 7 months ago ﬁQ
B8 [celandBe... 2 hours ago Python [conda R [conda
B IMEX 6 months ago env:notebook] * env:notebook] *
B Laharz 17 hours ago
B lava2d last year Other
B8 Molasses 5 months ago
B Molasses_... 5 months ago
—
B mr_lava_lo... 5 months ago . — M ﬁ R E
B NASA 2 months ago — v
@ PDC Benc... 2 months ago Terminal Text File Markdown File Python File R File Show
Contextual Help
8 Scoops last year
@8 Scoops3D 17 hours ago
8 shared 2 days ago
B8 shared-rea... 2 days ago
B Sulfur_X 18 hours ago
8 tephra2 17 hours ago
Simple 0 0 Q} Mem: 214.44 | 8192.00 MB

Launcher




Pre-installed workflows

:VICTOR
e

: File Edit View Run Kernel Git Tabs
v t c ¢

| Filter files by name Q
[

B/ IMEX/

Name - Last Modified

o

[ dem_esri_nodata.asc 2 months ago
[ dem_esri.asc
O IMEX_LavaFlow
™ IMEX_LavaFlow.inp
™ IMEX_temp.nc
[®] IMEX-EL.ipynb 2 months ago
™ IMEX.nc 2 months ago
[ Maunaloa_0000.asc
[ MaunaLoa_0000.p_...
[ Maunaloa_0001.asc
[ MaunaLoa_0001.p_...
[ Maunaloa_0002.asc
[ MaunaLoa_0002.p_...
[ MaunaLoa_0003.asc
™ Maunaloa_0003.p_...

2 months ago

]

©

2 months ago
2 months ago
2 months ago

* 2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
[ Maunaloa_max.asc
[ MaunaLoa_T_0000....
[ Maunaloa_T_0001....
[ MaunaLoa_T_0002....
[ Maunaloa_T_0003....
[ MaunaLoa.bak

[ test20m.asc

2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago

[ topography_dem.asc 2 months ago

Settings
™ Terminal 1
B + X

[3]:

Help

X [A IMEX.ipynb X [+

0 [ » m C » XDownload Code v o®

> |flag M E 935 ~ v

A model workflow for IMEX

IMEX is a highly versatile liquid simulation model, with some specialized parameters for lava flow.

import
import
import
import

rioxarray as rxr
xarray as xr
subprocess

numpy as np

import matplotlib.pyplot as plt
import subprocess

from netCDF4 import Dataset
import cartopy.crs as ccrs
import pyproj

import netCDF4

import sys

import shutil

sys.path.insert(0,"/home/jovyan/shared/Scripts")
import victor

In the following sections, we will provide a variety of input information, including topographical,
rheological and thermal parameters.

First, the user must enter the run name, along with some time constraints and flags to determine the
kind of output they would like to produce.

#prefix for output files
run_name = "Maunaloa"

B ™»VvVa&sF

#starting a run from a previous output (T/F)
restart = 'F'

#Starting simulation time, recommended is @
t_start = 0

Leakh-lnete-aticiorbraicctars
sy <}

# Python [conda env:notebook] * O

ee X




Pre-installed workflows

At Uictororaioct org
— (=}

@ Safari File Edit View History Bookmarks Develop Window Help A ) O ® @ 2 Q 8 © MonJan23 2:46 PM
eoe M+ < @ 0 @ victor.2i2c.cloud ¢ ® [1] +
: File Edit View Run Kernel Git Tabs Settings Help
v - B 1+ c & M Terminal 1 X [A IMEX.ipynb X [+ %
B + X O [ » = C » XDownload Code v ®© it No Kernel ©
l Filter files by name Q
L » flag 4] 9/35 AV e X
W/ IMEX/ fig, (axd, axt) = plt.subplots(1,2, figsize=(18,8),subplot_kw=dict(projeccoc.
o Name - Last Modified victor.plot_flow(dem, filename, fig, axd, coordinates) =
[ dem_esri_nodata.asc 2 months ago ‘
X axd.set_title("IMEX Depth")
[ dem_esri.asc 2 months ago
L] ™ IMEX_LavaFlow 2 months ago victor.plot_flow(dem, filename_temp, fig, axt, coordinates)
- g
O IMEX_LavaFlow.inp 2 months ago axt.set_title("IMEX Temperature")
0 O IMEX_temp.nc 2 months ago
" IMEX-EL.ipynb 2 months ago 231: Text(e.5, 1.0, 'IMEX Temperature')
[N IMEX.ipynb an hour ago 2167160 SMEX Depth
O IMEX.nc 2 months ago o
* [ MaunalLoa_0000.asc 2 months ago
[ MaunaLoa_0000.p_... 2 months ago 030 e
[ MaunalLoa_0001.asc 2 months ago
[ Maunaloa_0001.p_... 2 months ago 025 "
[ MaunalLoa_0002.asc 2 months ago z £
[ Maunaloa_0002.p_... 2 months ago “02 g
[ Maunaloa_0003.asc 2 months ago £ £ £ 5 &
£ S £ ]
[ Maunaloa_0003.p_... 2 months ago 2 8 e 8
[ Maunaloa_max.asc 2 months ago 0.152 E
[ Maunaloa_T_0000.... 2 months ago 2.161847 -500
[ MaunaLoa_T_0001.... 2 months ago 010
[ Maunaloa_T_0002.... 2 months ago
[ MaunaLoa_T_0003.... 2 months ago 0.05 4099
[ MaunaLoa.bak 2 months ago
[ test20m.asc 2 months ago — | |
. 235630 237248 238865 240482 242100 237248 238865 240482 242100
[ topography_dem.asc 2 months ago asting easting
[
Simple a 0 & ® No Kernel | Unknown Mem: 323'37/8192'q0nM—\Brn PR Mode: Command @ Ln1,Col1 IMEX.ipynb

v

VICTOR



Virtual Desktop

VICTOR

v

To run applications with GUI, e.g. QGIS

desktop [7]

& sSafari File Edit View History Bookmarks Develop Window Help © 2456 zoom @ M A D SatFeb 17 12:14AM

eoe M- < & victor.2i2c.cloud M+ O

@ The 1st Geo-INQUI.. @ Transnational Acce... @ PVHA - Probabilisti.. @ OpenFOAM Applica, Z JupyterLab = By Google Translate a2 People | VICTOR

() Clipboard Connected to jupyter-einatiev-2dideo:1 (jovyan)
% Applications -




Virtual Desktop 9\\




Currently Available Models and Tools C/Q\

Volcanic Process

Models or Tools currently available

Lava Flows

DOWNFLOW, IMEX-Lava, Lava2d, MOLASSES, MrLavaloba,
pyFLOWGO, Q-LavHA, VENUSS, VolcFlow

PDCs

TITAN2D, IMEX_Sflow2D_V2

Ash Dispersal

HAZMAP, HySPLIT, Fall3D, PLUME-MoM, Plumeria

Tephra dispersal

Tephra2, Fall3D

Gas dispersal

DISGAS, HySPLIT, TWODEE

Lahars LaharZ

Slope Stability Scoops3D

Conduit ascent CONFORT, MAMMA
Sulfur and Volatile Degassing Sulfur_X

Magmatic / geochemical tools

alphaMELTS, Perple_X, Thermobar




Currently Available Models and Tools C/Q\

Volcanic Process Models or Tools currently available

va Flows

PDCs TITAN2D, IMEX_Sflow2D_V?2

Ash Dispersal HAZMAP, HySPLIT, Fall3D, PLUME-MoM, Plumeria
Tephra dispersal Tephra2, Fall3D

Gas dispersal DISGAS, HySPLIT, TWODEE

Lahars LaharZ \}\ /{
Slope Stability Scoops3D X New tools and
Conduit ascent CONFORT, MAMMA/ models added all
Sulfur and Volatile Degassing Sulfur_X B the time!
Magmatic / geochemical tools alphaMELTS, Perple_X, Thermobar




VICTOR

Documentation docs.victorproject.org A \\

: Home Page - Select or create a notebook & PyFlowGo_wrapper - Jupyter Notebook : JupyterLab \

A VICTOR
@ / Welcome to the VICTOR documentation! O Edit on GitHub

atest

Usage

Welcome to the VICTOR documentation!

Models VICTOR is a JupyterHub based platform for volcano science modeling and data analysis. All of our
infrastructure and modeling code is open-source and/or publicly available. We hope for VICTOR to
function as a continously evolving service, fostering novel mathematical models and encouraging
further data sharing among the volcanology community and beyond.

For more detailed information on the project overall, check out the Usage section.
For details on running each individual model, please go to the Models section.

This project is under active development and is subject to changes.

Contents

e Usage

o Registration

o Run Models

o Citations and References

o Contributing Models and Hub Additions

e Models

o Models Overview
o Utilizing Workflows
& Read the Docs o Conflow/Confort

Learn more at victorproject.org



Education C;)\\

Training and Tutorials

Getting Stated With VICTOR

%
VICTOR background '

(images and links will open presentations in a new tab): //

Intro to Python and
Jupyterhub

Welcome to the An Introduction to
VICTOR Workshop! Cloud Computing

mAvictorreg and fill

Introduction to Python and

Introduction to VICTOR Introduction to Cloud Computing JupyterHub

® Back to Top

Learn more at victorproject.org



Education

VICTOR-based
teaching
modules

Educators’
webinars:
June 29,
July 30

victorproject.org

Lecture Slides

The VICTOR Team
Overview of VICTOR
Google Slides File
This lecture slide deck introduces students to
VICTOR. These slides can be used on their
own or added to any related lecture where
VICTOR will be demoed or used.

[Course Code} Lava Flow Modeding Lab
Noverber 82024

Lrarning Objectives
1. Adentify and navigate hey aspects of the VICTOR intertace
2

ind condct

parametes sweep using VICTOR
3 Compuare and contrast cutputs from three VICTOR modeh.

Note: Test that requives input from you ' indicated in blue

Lab Assignment

The VICTOR Team
Lava Flows Lab
PDF Download
This lab assignment required student access
totheinternet. Designed for upper-
undergradaute level science majors, this lab
was developed to follow the Lava Flow
Modeling lecture.

Lecture Slides

The VICTOR Team
Lava Flow Modeling
Google Drive Download
These lecture slides were developed for
upper-undergraduate level science majors.
The lecture was designed to prepare students
to complete the accompanying Lava Flow Lab.

Lecture Slides

The VICTOR Team
Tephra2 Manual Guide
Google Drive Download
This lecture deck summarizes the Tephra2
manual and works well to prepare graduate
level students for alab assignment using the
Tephra2 workflow. (See: Engineering x
Harzard Monitoring Lab)

:VICTOR
e

Lecture Slides

The VICTOR Team
Lava Flows
Google Slides File
This lecture presentation introduces
students to the study of lava flows,
developed to supplement the Lava Flow
Modeling lecture. It is best suited for
undergraduate- graduate students. .

[Course Code] Hazard Modeling x Engineering Lab.
[Date)

Part 1: Lab Learning Objectives:

1 model

h models.

chamber models can be used to
tion sc. etal

imaxt
3. Practice how earth process models can be used by engineers to inform
infrastrixture development

Lab Assingment

The VICTOR Team
Tephra2 for Civil Engineering
Google Document
This lab assignment combines the topics of
hazard modeling and civil engineering,
making it best suited for graduate level
students. Supplement this lab with the
Tephrazslides. (See: Tephra2 Manual Guide)




Civil Engineering x Hazard Modeling
Tephra2 on VICTOR

Q\\

S

Objectives:
1. Interact with an advanced hazard forecast model & identify which inputs are necessary to
generate meaningful outputs of such models.

2. Identify how parameter inversions for magma chamber models can be used to calibrate
eruption models and evaluate possible eruption Scale and societal impact.

3. Practice and apply how engineers can use earth process models to inform infrastructure
development.

: ICTOR

Tephra Dispersion

P =

Introduction and Background:

In this lab, you will use a numerical model
called 'Tephra2", which simulates the
dispersion of volcanic ash from an eruption,
to assess how eruption conditions impact the
built infrastructure in surrounding
communities. The lab uses a hypothetical
eruption at South Sister volcano as the test

-
P
E

case.
v 44.4
[9): locations = [[44‘55312334959115,-121.31“793\5\;\?\1\?21 [44.27043708913616,-121.17467125646367 :
=

elevation = 1000

locations = np.array(locations)
loced = utm.from_latlon(locations|:,8],locations[:,1])

-122.0
Longitude

—121.5 -121.0

< >
calcuattions rrom page o.
44.0

Site 1 1km?3

3km?

= 43.8
Site 2 1km3

3km?3

5km?

Mass per unit area of deposit at each site:

Site 3 1km3 eruption mass (kg) / roof area (m2)

3km3 Gravitational Acceleration:

3 9.8m/s?
5 km Density of Tephra: Page

1200 kg/m’

Learn more at victorproject.org



Computational Volcanology Course

| Topic |

Introduction to VICTOR

DEMs/raster tools

Tephra fallout
Lava Flows
PDCs
Lahars
Differential equations
SPRING BREAK
Magma storage

Magma ascent
Magma degassing
Inversion

Remote sensing

UNIVERSITY of

v

v A Geocomputation X % Home x | [ Calendar - Charles Conn X | &8 (25)VICTOR Spring? @ X | & New Tab
<« C @ 2% https//gscommunitycodes.usf.edu/geoscicommunitycodes/public/inversion-shortcourse/tephra2-inv3/tephra2-inversion3.php * w0
o > NSF ¢ MyUsF ¢ oo VICTOR ¢ USF A Geoscie m

v

Parameter sets are printed for each "optimal” solution along with the RMSE for that solution. Note that your solutions will not be exactly the same, since a

random seed uis used in the code to start the SA search.

You can explore the output by plotting histograms of parameter values and by plotting scatter plots to search for correlation among estimated parameter

values:

Eruption mass histogram (left) and

e —

max phume hegh” e

maximum plume height histogram (right).
The simulations yield reasonable ranges for
total eruption mass and maximum eruption
1 column height. Both parameter estimates
show some central tendency.

100 810% 60" 2100 810 900 110! 5000 €00 o 8000 9000 10000

Masmum Plume Herght (m)

|
teams.microsoft.com is sharing your screen
20
1 Pr———

LH L. " SHACOEQ

Median of the total eruption grainsize
distribution (left) and alpha (right). The
simulations yield reasonable ranges for

Stop sharing Hide

, 62°F ~Aa AN

am
Cloudy [ ]

Charles Connor

Learn more at victorproject.org

:VICTOR
e

SOUTH FLORIDA

o - ML

Charles Connor

Einat Lev

/ Buckley

10111 AM
4/8/2025




Workshops at Conferences C/Q\\

Cascades24,
Oregon

Cities on Volcanoes 12,
Guatemala

Learn more at victorproject.org
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Learn more at victorproject.org

id workshop

WV (Red), VH (Green), VV/VH Ratio (Blue): Sigma0

Field + Compute hybr




VICTOR

Added-value Capability: Model Benchmarking <\_

Set up common inputs, e.g.: 219
* Vent location e
e DEM file

e Effusion duration / flux / volume

2.16 i

Set up model-specific inputs for Model 1

2.15 {88

Run Model 1

220000 230000 240000 250000 260000

IMEX-Lava

Set up model-specific inputs for Model 2

Run Model 2

] > 2.1625

2.1600

21575

2.15

220000 230000 240000 250000 260000

X X
106 105 1074 103 102 107! 10° 10! 102

. . Flow Thickness (m)
Learn more at victorproject.org



New Capability: remote-sensing workflows N

‘ A ' Surface Displacement aittedi tand iibiisn

JPL

Jet Propulsion Laboratory
California Institute of Technology

Learn more at victorproject.org



New Capability: remote-sensing worktlows SR

1. Interactively define AOI 3. Interactive Time Series of Eruption Data

I z: :=leaFmap.Nap1cenler!MZ,vlﬂm, zoom=4, basemap='Google Satellite') BALETE f uuuuuu =
O K e
@+ o
[ 9 §
o
2. Granule Search using OPERA’s DIST set 4. Automated flow footprint detection
dist_results, dist_gdf = leafmap.nasa_data_search( B
short_name='0OPERA_L3_DIST-ALERT-HLS_V1',
cloud_hosted=True, &
bounding_box= AO0I,
temporal=(start_date,end_date),
count=-1, # use -1 to return all datasets {
return_gdf=True, T s e T e

)
Granules found: 262

-22.46 -22.44 -22.42 -22.40 -22.38 -2246 -22.44 -22.42 -22.40 -22.38 -22.46 -22.44 -22.42 -22.40 -22.38
fon fon fon

Learn more at victorproject.ol_



New Capability: Combine Remote Sensing and Models

1e6 MOLASSES

2.163600

2.162743 4

2.161886
2 2.161029 ]
g 2160171

2159314

2.158457

2.157600 ——
232500 233833 235167 236500

easting

Mauna
Loa 2022

SAR coherence

MR LAVA LOBA

2.163600 e a 2.163600

2.162743 21627434 %

2,161886 2.161886
22.101029 22,161029
E £

2.160171 E 2.160171

2.159314 2,159314

2.158457 2158457

2,157600 2.157600

232500 233833 235167 236500
easting
10 15 20

Flow Thickness (m)

232500 233833 235167 236500

easting

Aind Adep

2.00 2.00
175 175
150 150

o
125 & 125 =
- :
1.00 & 1.00 &
a ®
2 =z
o
075 & 075 &
=3 o
s s
0.50 0.50
0.25 0.25
0.00 0.00

Learn more at victorproject.org



Upcoming Capability: remote-sensing workflows <5\

Monitoring Earth’s atmosphere with Sentinel-5 TROPOMI
and Artificial Intelligence

KRR i
7y : “
e = " S0, VCD at groud level
E = VY 4 I
55 S " $0,VCD at 15km
W . - N y 7
- a Y €
2 & 6 textural bands
> o -
- &
L e g
{5l IS
T SO2 DETECTION MAP
= = |
2 | POST-PROCESSING
E e ——— e —>  (DILATATION + EROSION) ——
a T 2
s PIXEL CONNECTIVITY
w
|
T
(b)
100
2 N 20
g Mgor, = M(S02) *Z ~ S02VCD;* A; 5 ®
< pixel i ‘3 70
% = 60
g M(S0,) is the the molar mass of SO, (64 g/mol), SO2 VCD; is é 50
g 40
g the SO, VCD at considered altitude layer in mol/m? of each 2 30
(<] 3
~ pixel 7that is classified as plume, and 4; is the area of each 2520
o 10
€ pixel / Nis the total number of pixels classified as plume. 0
(c) 13/12/2020 23/03/2021 01/07/2021 09/10/2021 17/01/2022

Learn more at victorproject.org



Developing capabilities — Inversion workflows

METHODOLOGY

Tephra deposit inversion by coupling
Tephra2 with the Metropolis-Hastings
algorithm: algorithm introduction and
demonstration with synthetic datasets

Qingyuan Yang'*#" ©, E. Bruce Pitman’®, Marcus Bursik* and Susanna F. Jenkins'=

Bayesian inversion of data from effusive volcanic eruptions using
physics-based models: Application to Mount St. Helens 2004-2008

Kyle Anderson'? and Paul Segall’

Volcanic ash forecast using ensemble-based data assimilation: an
ensemble transform Kalman filter coupled with the FALL3D-7.2
model (ETKF-FALL3D version 1.0)

Soledad Osores'**, Juan Ruiz', Amau Folch®, and Estela Collini®
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Inversion example — Tephra deposits ST

Field observations of tephra deposits

Deposits
observations

Eruption parameters:
Plume height
Eruption mass
Wind direction
Grain size distribution

Learn mere at vieterpraject.org
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Inversion example — Tephra deposits ST

Observations Tephra2 Forward Model

wind

Deposits
observations

Eruption parameters;
Plume height
Eruption mass
Wind dirgction

Grain size distribution

Learn mere at Vieterpraject.org




Inversion example — Tephra deposits ST

Observations Model Metropolis-Hastings Distribution of
Algorithm Eruption Parameters

Posterior Distribution: Plume Height (m)

Deposits o o
observations S - | .

oooooo
£

)
9 1000

00000

Eruption parameters:
Plume height

70 1 oo I 80 85 100
i 2 Wind Direction (*)
Eruptlon mass g 60 Posterior Distribution: Max Wind Speeq (m/s)
Wind direction = / ,
"o " g " LEY 5 ] ‘gona :
Grain size distribution N == 8 /
° Rteration 80000 s 0.02 3
0.00 1
30 4

plume_height = 12000
Learn mere at vieterprejeet.erg eruption_mass = lell




Inversion example — GNSS data
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Inversion example — GNSS data
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Future capabilities — Model Coupling + UQ N

Currently:
Separate models of individual
components of the magmatic system

Goal:

System-scale models of connected
processes, enabling digital twins and
source-to-sink uncertainty




Future capabilities — Model Coupling + UQ C/Q\\

A proposed collaboration
(Lev, Hutton, Karlstrom)

CSDMS Basic Model Interface

A AAVATANANAT

RRRXRR K (BMI)

AYAVAVAVAVAVAVAVAY
TAVAVA

>,

Babelizer
Pymt coupling library
Landlab

\J
C\
@
s
3 =y
NN/

7

ZAVAVAV)
VAY.

VATAVAVAVAVATAOAN

\V4
VX#AVAVAVAVA

N

oz
ik



VICTOR

Future capabilities — Model Coupling + UQ TN

DISGAS | ASH3D
S|
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Future capabilities — Model Coupling + UQ TN
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