
A new cyber- 
infrastructure 
for volcanology

Einat Lev
Columbia University



Volcanology 
Infrastructure for 
Computational 
Tools and 
Resources 



“A cloud-based platform 
for volcanologists to 
find, use, and integrate 
numerical models and 
other computational 
tools”

What is
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…enhancing code 
efficiency and offering 
resources not available to 
individuals.”

Motivation – 2018 ERUPT report

“Access to high-
performance computing … 
are essential for state-of-
the-art models” 

“Communal cyber-
infrastructure supports 
comprehensive databases, 
model development, 
benchmarking, and 
implementation”

“Community facilities… 
could help improve the 
accessibility and user-
friendliness of 
computational 
approaches



2010–2020 The Vhub Era
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Goals for VICTOR
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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
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A Technical View of the Hub

● Running Ubuntu 22.04
● Fully featured C/C++, Fortran compilers, as well as Javascript, 

Python, R interpreters
● A variety of python packages for machine learning, image 

recognition, and remote storage access (S3, Google Cloud, 
Azure)
○ The majority of packages are installed through a conda environment, 

allowing for great flexibility
● Hosted through AWS EC2 instances managed by Kubernetes 

control panel



Connect to the VICTOR JupyterHub
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1) From main site, or via 
hub.victorproject.org



Connect to the VICTOR JupyterHub

Learn more at victorproject.org

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

2) Choose a server type 



The Launch Pad 
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Pre-installed workflows
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Pre-installed workflows
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Virtual Desktop
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To run applications with GUI, e.g. QGIS



Virtual Desktop
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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
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New tools and 
models added all 

the time!



Documentation docs.victorproject.org
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Education
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Teaching modules

Lava flows

@volcanocyber



Educators’ 
webinars: 
June 29, 
July 30

Education

victorproject.org

VICTOR-based 
teaching 
modules
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Computational Volcanology Course
Topic

week 1 Introduction to VICTOR

week 2 DEMs/raster tools

week 3 Tephra fallout

week 4 Lava Flows
week 5 PDCs
week 6 Lahars
week 7 Differential equations
week 8 SPRING BREAK
week 9 Magma storage

week 10 Magma ascent

week 11 Magma degassing

week 12 Inversion

week 13 Remote sensing



Workshops at Conferences
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Cascades24, 
Oregon

Cities on Volcanoes 12, 
Guatemala



Developers Summit
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Field + Compute hybrid workshop
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USF Field Station
McKay, ID



Added-value Capability: Model Benchmarking
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Set up common inputs, e.g.: 
• Vent location
• DEM file
• Effusion duration / flux / volume

Set up model-specific inputs for Model 1

Run Model 1

Set up model-specific inputs for Model 2

Run Model 2

Set up model-specific inputs for Model 3

Run Model 3

Visualize results

MOLASSES MrLavaLoba

IMEX-Lava Lava2D



New Capability: remote-sensing workflows
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New Capability: remote-sensing workflows
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1. Interactively define AOI

2. Granule Search using OPERA’s DIST set

3. Interactive Time Series of Eruption Data

4. Automated flow footprint detection
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New Capability: Combine Remote Sensing and Models

Mauna 
Loa 2022

SAR coherence

True positive

Real flow extent



Upcoming Capability: remote-sensing workflows
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Monitoring Earth’s atmosphere with Sentinel-5 TROPOMI 
and Artificial Intelligence

Claudia Corradino, Instituto Nazionale di 
Geofisica e Vulcanologia  Osservatorio Etneo



Developing capabilities – Inversion workflows 
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Inversion example – GNSS data



Inversion example – GNSS data



Einat Lev
Sam Kasnoff

Currently: 
Separate models of individual 
components of the magmatic system

Future capabilities – Model Coupling + UQ

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



1. CSDMS Basic Model Interface 
(BMI)

2. Babelizer
3. Pymt coupling library
4. Landlab

Volcanology Infrastructure for 
Computational Tools and 

Resources

Volcano 
models 

collection

Einat Lev
Sam Kasnoff

Future capabilities – Model Coupling + UQ

A proposed collaboration
(Lev, Hutton, Karlstrom)



CONFORT

Plumeria_wd

Thermobar, 
Sulfur_X, 

MELTS

ASH3D

LAVA2D

DISGAS

TITAN2D

Future capabilities – Model Coupling + UQ
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Future capabilities – Model Coupling + UQ

Landscape 
models

Geomorph 
models



Questions?
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