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CESM
Community Earth System Model

(NCAR)
1983

CSDMS
Community Surface Dynamics 

Modeling System
2007

CIG
Computational Infrastructure 

for Geodynamics
2005

NSF Geoscience Modeling Facilities

“CSDMS is envisioned as a modeling environment containing a community-built, 
freely available suite of integrated, ever-improving software modules aimed at 
predicting the erosion, transport, and accumulation of sediment and solutes in 
landscapes and sedimentary basins over a broad range of time and space scales.”

- Science Plan vision document, 2004 



Community

70 countries
641 institutions (222 US academic, 38 US government/NGO)

Federal Agencies – Total 76
USGS: 26
National Labs – 20 total

Argonne: 1
Brookhaven: 1
Sandia: 4
Lawrence Berkeley: 2
JPL: 2
Oak Ridge: 2
Idaho National Lab: 1
Los Alamos: 4
Pacific Northwest: 3

Army Corps of Engineers: 6
NOAA: 5
NSF: 5
US Bureau of Reclamation: 3
EPA: 2
NASA: 2
BOEM: 1
Naval Research Lab: 1
National Geospatial-Intelligence Agency: 1
National Weather Service: 1
Office of Naval Research: 1
US Naval Academy: 1
US Nuclear Regulatory Commission: 1
State and Local Agencies – Total 6
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Examples of community research questions*
• How do drainage networks form after glaciation?

• Can we better predict flood inundation? 

• How do hurricanes trigger deep-sea turbidity 
currents? 

• How will permafrost melt impact Arctic slopes?

• How are climate and sea level cycles reflected in 
marine stratigraphy? 

• When does stream offset accurately record fault 
slip?

• How can we efficiently predict debris-flow timing?

• Can sediment provenance reveal environmental 
signals in stratigraphy? 

• How will sea-level rise impact coastal deltas?

• How do cycles in climate and vegetation influence 
landscape evolution?

• Can we forecast erosion at hazardous waste sites? 

• Can changes in grazing and wildfire regime trigger 
woody plant encroachment?

* addressed using CSDMS technology



CSDMS supports computational modeling in earth-surface 
science by engaging community, providing computing

resources, and promoting education 

COMMUNITY
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EDUCATION
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share resources, 
collaborate learn and teach

create, run, test, analyze, 
and apply models



CSDMS Model Repository

COMMUNITY

235 Models
90 Tools

• Community open catalog & archive for modeling software 
and tools

• Full metadata for each program
• Contributors can obtain Digital Object Identifier (DOI) to 

make product citable
• CSDMS tracks h-index for programs based on bibliography



Annual 
Meetings

COMMUNITY

2019 CSDMS 3.0 – Bridging Boundaries

Geoprocesses, Geohazards
CSDMS 2108

2017 Modeling Coupled Earth and 
Human Systems

2016 Capturing Climate Change

2015 Models Meet Data
Data Meet Models

2014 Uncertainty and Sensitivity
In Surface Dynamics Modeling



Workshops

COMMUNITY

2014
• Workshop: The Art and Science of Reduced-Complexity Modeling in the Environmental Sciences – 45 participants, co-

organized with NCED

2016
• Linking Earth system Dynamics and Social System Modeling WS – 35 participants, Human Dimensions FRG

2018
• Coupled Tectonic and Earth Surface Processes WS – 150 participants, Geodynamics FRG
• NASA Flood Risk WS – 79 participants, NASA 



Diversity, Equity, and Inclusion

• Student scholarships to attend 
annual meeting
• Panels on Diversity, Equity, and 

Inclusion 
• Clinic, 2020 Annual Meeting
• Outreach to MSIs
• Individual mentoring (RESESS, 

RECCS)

COMMUNITY

Panel discussion
Annual meeting May 2019



Member support functions
PROPOSAL SUPPORT

• Letters for funding agencies
• Help with Broader Impacts
• Data management
• 40 LOCs in 2018/2019

• Collaboration
• Site visits
• Research Software 

Engineer consulting

PROJECT SUPPORT

COMMUNITY

• User Help Desk

ONLINE SUPPORT



New in 2020: 
Cryosphere Focus Group

COMMUNITY



COMPUTING

Bridge to High-Performance Computing

Blanca: RAM/core       

64 x 2.1 GHz cores 192 GiB

Summit:
9,960 x 3.3GHz cores,   5-42 GB



Software Cyberinfrastructure: 
CSDMS Modeling Framework

1. Interface standard (BMI)
2. Language interoperability (Babelizer)
3. Model-building toolkit (Landlab)
4. Execution and coupling framework (PyMT)

“CSDMS is envisioned as a modeling environment containing a community-built, 
freely available suite of integrated, ever-improving software modules aimed at 
predicting the erosion, transport, and accumulation of sediment and solutes in 
landscapes and sedimentary basins over a broad range of time and space scales.”

- Science Plan, 2004 

COMPUTING



Software Cyberinfrastructure: CSDMS 
Modeling Framework

COMPUTING

MODEL
A self-contained 

computer program that 
simulates a system COMPONENT

An interoperable 
module that can act as 
part of an integrated 

simulation system

COMPONENT

“wrapped” model è component

MODEL



Standards for models: Basic Model Interface 
(BMI)

COMPUTING



BMI specifies a common set of functions, 
such as:

initialize()

finalize()

get_value()

set_value()

COMPUTING

update()



Language interoperability



Landslide probability (Strauch et al., 2018)

Vegetation & erosion 
(Schmid et al., 2018)

GRANULAR MEDIA 

SIMULATION

Cellular automata 
(Tucker et al., 2016)

Rainfall-runoff 
(Adams et al., 2017)

Landform evolution
(Barnhart et al., 2019)

Post-glacial drainage nets (Lai & Anders, 2017)

Evolution of anticlines (Zebari et al., 2019)

Influence of boulders on hillslope and 
channel evolution (Glade et al., 2019)

Sediment provenance as a signal of climate 
and tectonics in sedimentary basins  

(Sharman et al., 2019)

Basin stratigraphy (Steckler et al., in prep)

Hydrology education (Bandaragoda et al., 2019)

Tectonic shear (Gray et al., 2017)

Vegetation dynanamics (Nudurupati et al., in prep.)

Valley widening 
(Langston et al., 2018)

Sediment yield (Carriere et al., 2019)



current
pymtmodels:

Avulsion
CEM
Child
ECSimpleSnow
FaSTMECH
FrostNumber
GIPL
Hydrotrend
Ku
Plume
Sedflux3D
Subside
Waves https://csdms.github.io/pymt/



Landlab process components can act as pymt components:

DepthDependentDiffuser
ErosionDeposition
Flexure
FlowDirector
FlowAccumulator
LandslideProbablity

LinearDiffuser
NormalFault
OverlandFlow
PotentialET
PrecipitationDistribution
Radiation

SoilMoisture
StreamPowerEroder
SPACE
TaylorNonLinearDiffuser
TransportLengthDiffuser
VegetationDynamics

current
pymt components:

Avulsion
CEM
Child
ECSimpleSnow
FrostNumber
GIPL
Hydrotrend
Ku
Plume
Sedflux3D
Subside
Waves



Why modular, standardized, shared software?

2D ELASTIC FLEXURE
COMPONENT

TOPOGRAPHY WATER DEPTH ISOSTATIC REBOUND

With plug-and-play,

solved problems

(models) take hours, 

not weeks, to apply



New: Data
Components

● Goal: Implement BMI for 
datasets

● First: oNHM (USGS)
● More to come

https://github.com/mcflugen/onhm



Education: Workshops and Clinics

Examples of recent topics:
• Intro to Python, git, and shell
• FAIR principles for models
• Model calibration with Dakota
• Neural nets for landcover classification
• Pangeo: scalable geo-Python tools
• ADCIRC storm-surge modeling
• Delft3D for morphodynamics
• Sensitivity analysis with Salib
• Interactive sed/strat teaching tools
• BMI Live!
• CUAHSI services for models & data
• Tectonic modeling with DES3D

Studies show that scientists…
• Spend as much as 30% of research time on 

software
• Are mostly self-taught
• Are mostly unaware of tools and practices that 

would save time and improve reliability

(e.g., Hannay et al., 2009; Merali, 2010; Prabhu et al., 2011; Pinto 
et al., 2018; Kellogg et al., 2019)

EDUCATION

(Miller, 2006 Science)



EDUCATION



EDUCATION



Other online resources

• Documentation & tutorials
• Workshop materials
• Education Repository:

Labs have learning objectives
and point to background theory

Labs have running components 
with visualized output, and 
questions for further exploration

EDUCATION



Earth Surface Processes Cybertraining Institute (ESP-In) 
2020 and 2021

Organizing Team: Irina Overeem, Nicole Gasparini, Leilani Arthurs, Mark Piper, 

Benjamin Campforts, Lynn McCready, CSDMS

NSF-CISE 2-year

CyberTraining-Pilot



ESP-IN 2020
• 10-day Cyberinfrastructure in Earth Surface Processes Institute

• Stipends for 20 US graduate students, PDFs and early career faculty selected to come from diverse 
disciplinary backgrounds with explicit slots reserved for underrepresented minorities.

• Goal:  gain direct experience in converting their research codes into open-source distributed 
software. ESPIn would help train a new generation of computationally savvy, integrative scientists, 
while accomplishing major community science priorities.

Working on authentic modeling problems, 
using pymt and CSDMS tools. 
Small teams will work on earth surface 
processes research questions

“Just-in-Time Teaching”
Modules on programming, best coding practices,
HPC, numerical techniques

Weekend field excursion on local earth surface 
Processes and Front Range geology, 
Explicit activities for networking and professional 
development. 



CSDMS supports computational modeling in earth-surface 
science by engaging community, providing computing

resources, and promoting education 

COMMUNITY
SUPPORT

COMPUTING
RESOURCES

EDUCATION
OPPORTUNITIES

share resources, 
collaborate learn and teach

create, run, test, analyze, 
and apply models


