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Natural Hazards Research

Hazard Forecasts
• Earthquake shaking

• Hurricane/tornado wind speeds

• Storm surge/tsunami 

Infrastructure/Societal Response

Infrastructure/Societal Damage

Functional Recovery



Research Ecosystem

Data analytics / Algorithms / Tools

https://www.qualitymag.com

Data Computational Resources

Missing 

Middle

cyberinfrastructure



Research Ecosystem
Data

Missing 

Middle
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Adapazari

August 17, 1999
Kocaeli, Turkey Earthquake (M 7.6) 



Data Collection and Subsequent Research
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West East245 Structures

Line 2

• Liquefaction of fine-

grained soils

• Response of 

structures on 

liquefiable ground

• Between 2000-2010, 

Google Scholar lists 

525 papers for 

“liquefaction” and 

“Adapazari”
Bray and Stewart (2000): https://doi.org/10.1193/1.1586152



February 22, 2011
Christchurch, NZ Earthquake (M 6.2) 



Data Collection and Subsequent Research

• Data available through 

NZ Geotechnical 

Database

• Regional scale 

liquefaction, lateral 

spreading effects

• Between 2011-2021, 

Google Scholar lists 

???? papers for 

“liquefaction” and 

“Christchurch”Maurer et al. (2014) 

https://doi.org/10.1061/(ASCE)GT.1943-5606.0001117

Data Availability

Durante and Rathje (2021) 

https://doi.org/10.1177/87552930211004613

6,260



Data



• Shared use infrastructure for research 

− Network Coordination Office

− Experimental facilities

− RAPID reconnaissance facility

− DesignSafe cyberinfrastructure (CI)

− SimCenter



DesignSafe Components 

Data

Data

Simulation & 

Data Analytics

www.designsafe-ci.org



DesignSafe and TACC

• DesignSafe leverages TACC staff and compute resources

• Tapis is the underlying API for DesignSafe and is 

developed by TACC (https://tapis-project.org/) 

− Formerly Agave API

− Tapipy Python package for interacting with Tapis 

(https://pypi.org/project/tapipy/) 

• DesignSafe upgraded to Tapis v3 in August 2024

− Security enhancements, allocations for individual accounts

https://tapis-project.org/
https://pypi.org/project/tapipy/


DesignSafe Accounts

• DesignSafe Account = TACC Account

• Multi-factor authentication (MFA) required to login

− Authenticator apps (e.g., Duo, Google Auth, 1Password)

• Initial high-performance computing                                    

(HPC) allocations

− 10,000 SU/yr

− Larger allocations available by request My name



DesignSafe: Data Depot

Private

Public



DesignSafe Data Models

Structured, yet flexible, data models for different types of research



Curation Process





26 January 2023: DesignSafe Data Depot certified as a 

Trustworthy Data Repository by the CoreTrustSeal Standards 

and Certification Board (thru 26 Jan 2026)

• Evaluated on 16 components across 3 themes:

− Organizational infrastructure

− Digital object management 

− Technology

• Fewer than 4% of data repositories worldwide 

have been certified by CTS

− 115 certified repositories, 3094 registered 

repositories at re3data.org



Data Depot: Search



Published Datasets



Make Data Count Metrics

Unique Investigation: 1-hour session during 

which a user viewed metadata or accessed files

Unique Request: 1-hour session during which a 

user viewed accessed files

Total Requests: Total downloads, previews, and 

copies of files plus Project Downloads

Since 2022:

Over 45,000 Unique Requests (UR) across 

all DesignSafe datasets (~1500/month)



Benchmarking Unique Requests

Unique Requests (UR) / Dataset 
over 12 months post-publication

+/- 1 𝜎
9 “outliers” 

with > 100 UR

NY 

Times 

articles

DesignSafe 

Dataset Award



Data Publication and Citation
Manual Citation Counting



DesignSafe Impact
AI Citation Counting

Output: Pubs/yr Impact: Citations of Pubs/yr



How to increase data publishing?

Sticks Carrots

• Force researchers to 

do it!

• Funding agencies 

can require it

• Journals can require 

supporting data be 

published with papers

• Make it easy

• Provide tools and 

resources

• Provide incentives

• Give researchers 

credit for publishing

Borycz et al. (2023) “Perceived benefits of open data are improving but scientists still lack resources, skills, and rewards”

https://doi.org/10.1057/s41599-023-01831-7 

https://doi.org/10.1057/s41599-023-01831-7
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New interface: 

Summer 2024 Release



DesignSafe Vision
• Lower the barriers of entry for using simulation tools, high-

performance computing (HPC), AI and Machine Learning (ML)

• Tiered approach

− Portal apps that utilize HPC on the backend (mostly simulation and 

visualization codes)

− JupyterLab with access to TACC VM, CPU, or GPU resources, job 

submission via Tapis API, relevant AI/ML support (e.g., CUDA, PyTorch, 

TensorFlow)

− Command line access to TACC resources (Frontera, Lonestar, Stampede)

• Co-location of tools and data through DesignSafe







User 

Guide





Jupyter

• JupyterHub/Lab in DesignSafe

‒ Access to Data Depot files

‒ HPC Jupyter 

• Interactive data viewer

• Scripts for data processing, AI / ML

• Publish for use by others

• Accelerates data reuse, adoption of 

approaches into practice
From Scott Brandenberg (UCLA)

Next Generation Liquefaction





https://jupyter.designsafe-ci.org





HPC Jupyter
• Jupyter images deployed directly on HPC resources

• Jupyter Lab HPC (CPU)

− CPU compute nodes on Stampede3, provides more memory and speed

− Well-suited for data processing and parallel computing using 56 cores

• Jupyter Lab HPC (GPU)

− NVIDIA RTX GPU nodes on Frontera

− Commonly used Python AI packages (e.g., TensorFlow and PyTorch) are 

pre-installed

− Well-suited for AI/ML applications



Use Cases



Use Cases



Use Case Incorporating Jupyter
NGL: Community database of liquefaction case histories

www.nextgenerationliquefaction.org



Next Generation Liquefaction (NGL)
• Data housed in SQL database

‒ http://nextgenerationliquefaction.org/schema/index.html

• Database replicated to DesignSafe daily

• Jupyter notebooks to access data available in DesignSafe

From P. Zimmaro, UCLA



NGL Jupyter Notebooks



Use of DesignSafe by NGL Team

• Current NGL database

‒ 450+ sites

‒ 1000+ CPT, 1000+ boreholes

‒ 200+ Vs profiles

‒ 10,000+ lab tests (FC, PI, grain size, triaxial, simple shear)

• Data interpretation and analysis taking place in DesignSafe 

Jupyter 

• Always working with the most up to date dataset

From Kristin Ulmer (SWRI) and Scott Brandenberg (UCLA)



Critical Layer 

Evaluation

• Liquefaction analysis of 

surface profiles to 

identify “critical layer”



Data Integration

• Liquefaction site with:

‒ Field liquefaction 

observations

‒ CPT/borehole locations

‒ CPT/borehole results

‒ Lab test results



Data Analysis

• Bayesian liquefaction 

triggering model derived 

using pyMC witinh 

DesignSafe JupyterHub



Community Impact
A snapshot of our community impact dating back to July 2015:

• > 9,000 user accounts

• 304 marker paper citations https://doi.org/10.1061/(ASCE)NH.1527-6996.0000246

• 100 training events, > 5,000 attendees

• > 200 outreach events

• ~350,000 web hits online training/documentation

• ~1,000 published datasets

• > 330,000 Slack posts



Concluding Remarks

• Data, tools, and computational resources have always been critical 

in natural hazards research

• Research advancements are facilitated by formal electronic 

publishing of data, scripts, tools, workflows, etc.

• DesignSafe links the pieces together

− Co-location of data, tools, and computational resources

− Lowers the barriers of entry for new researchers

− Facilitates computational workflows that enable surrogate modeling, AI 

and ML, uncertainty quantification, model calibration, etc.  
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