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MultiSector Dynamics (MSD) Goal

Explore the complex interactions and  
potential co-evolutionary pathways within the 
integrated human-Earth system, including 
natural, engineered, and socioeconomic 
systems and sectors.

https://climatemodeling.science.energy.
gov/program/multisector-dynamics

https://climatemodeling.science.energy.gov/program/multisector-dynamics
https://climatemodeling.science.energy.gov/program/multisector-dynamics


Understanding influences, stressors, responses, and feedbacks

1. Forces and Patterns. Reveal the combination of factors, varying by  
geographies, that contribute most significantly to patterns of  
development in transregional, regional, and sub-regional 
landscape  evolutions, including interactions and interdependencies 
among  natural and built environments and human processes and 
systems.

2. Stabilities and Instabilities. Identify the characteristics of interacting  
natural and built environments and human processes that lead to  
stabilities and instabilities across systems, sectors, and scales, and  
deliver new insights into the role of strong interdependencies,  
feedbacks, and compounding influences and stressors.

3. Foresight. Explore how development patterns, stabilities, instabilities,  
and systems resilience may evolve within multisector, multi-scale  
landscapes as a result of future forces, stressors, and disturbances…  
and reveal what pathways, characteristics, and risk profiles may  
emerge from both gradual and abrupt transitions. MSD Vision 2030



Source: Reed et al., 2022 
https://doi.org/10.1029/2021EF002621 

Analytic challenges and disciplinary breadth

https://doi.org/10.1029/2021EF002621


• Functional, collaborative community-of-practice and working group structure
• Hierarchical frameworks and use-inspired tools (emulators, sensitivity research, etc.)
• Distributed science mechanisms (i.e., open-source models, software couplers, interoperability, modular 

methods, community data and computation
• Complexity theory and science (networks, collective behavior, evolution and adaptation, pattern 

formation, systems theory 
• Data-driven AI/ML and ML-model fusion methods
• Scenario methods and development with implications for uncertainty framing/analysis, complex 

storylines, modeling experiments, and more. 
• “Telescoping” resolution and fit-for-purpose process details across spatial and temporal scales – 

local to global (e.g., energy, water, land, economics, population, land use, technology
• Significant coupled systems behaviors, such as found among energy, water, land and socioeconomic 

systems with non-linear responses, e.g., induced by extremes
• Test-beds for advancing “actionable science”, stakeholder engagement, multi-scale awareness, and issues 

in extensibility

Illustrative topics and methods (parallels to this meeting)

Illustrative 
Topical 
Domains

Methods
& Tools



Evolving interests and capabilities

https://climatemodeling.science.energy.gov/u
nderstanding-dynamics-and-resilience-compl
ex-interdependent-systems 

https://downloads.glo
balchange.gov/coast
s-IG/workshop-report
/C-IHTM_Workshop_
Report_Nov2020.pdf 

https://multisectordynamics.o
rg/working-groups/urban/wor
kshop-report-multi-sectoral-u
rban-interactions/

https://immm-sfa.
github.io/msd_unc
ertainty_ebook/ 

https://climatemodeling.science.energy.gov/understanding-dynamics-and-resilience-complex-interdependent-systems
https://climatemodeling.science.energy.gov/understanding-dynamics-and-resilience-complex-interdependent-systems
https://climatemodeling.science.energy.gov/understanding-dynamics-and-resilience-complex-interdependent-systems
https://downloads.globalchange.gov/coasts-IG/workshop-report/C-IHTM_Workshop_Report_Nov2020.pdf
https://downloads.globalchange.gov/coasts-IG/workshop-report/C-IHTM_Workshop_Report_Nov2020.pdf
https://downloads.globalchange.gov/coasts-IG/workshop-report/C-IHTM_Workshop_Report_Nov2020.pdf
https://downloads.globalchange.gov/coasts-IG/workshop-report/C-IHTM_Workshop_Report_Nov2020.pdf
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https://immm-sfa.github.io/msd_uncertainty_ebook/
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A community driven 2030 strategic vision for MSD research

• Organized and drafted by the entire MSD Community
• Facilitation Team
• Scientific Steering Group
• PI Leadership Team
• MSD Working Group Co-Chairs
• All MSD Participants

• A compelling roadmap
• Scientific grand challenges
• Frontier methods
• Frontier tools and resources
• Foundations from which to build
• The essential, future Human Capital
• A participatory, open community invitation and environment
• A community-built structure for leadership, progress, and success (the MSD CoP)

• Innovative, bottom-up and top-down process for identifying 
opportunities and outlining the needs and potential actions for 
transformational change

• Inclusive process with a notable focus on providing 
opportunities for early career researchers and developing the 
next-generation MSD, multi-disciplinary research scientistshttps://multisectordynamics.org/c

ommunity-resources/ 

https://multisectordynamics.org/community-resources/
https://multisectordynamics.org/community-resources/


MSD’s role and leadership in inter- and intra-agency efforts - examples



MSD funded/co-funded projects

• A broad range and diverse set of 
MSD funded and co-funded teams

• Increasingly strong partnerships 
across MSD, EESM, EESSD, DOE, 
interagency, and 
intergovernmental.

• A focus on large, 
multi-institutional teams…national 
laboratory-led Scientific Focus 
Areas (SFAs) and University-led 
Cooperative Agreements.

• Growing interest in regional and 
sub-regional studies on climate 
and multi-stressor challenges and 
responses.

• Coordinated through regular and 
targeted events and the DOE 
funded MSD 
Community-of-Practice

= foundational MSD



• Focuses on long-term evolution of the  
coupled human-Earth system

• An integrated framework to investigate the  
interplay between influences, responses,  
and feedbacks

• Internally consistent, tightly coupled,  
computationally efficient framework

• Regional to global spatial scales and
seasonal to multidecadal timescales

• Major research experiments:
Compounding Influences
Regional 
TeleconnectionsHuman Responses
Human–Earth System Feedbacks

•
•
•
•
• Links to flagship Energy-Exascale Earth

System Model
gcims.pnnl.gov

Global Change Intersectoral Modeling System 
–Laboratory Scientific Focus Area



Toward a modeling framework and 
ecosystem of tools



Some recent publications



1. Develop flexible, open-source,  
integrated modeling capabilities that  
capture the structure and dynamic  
behavior of the multiscale interactions  
within and between human and natural  
systems.

2. Use these capabilities to study 
the evolution, vulnerability, and

resilience of interacting human and
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FeedbacksNatural  
SystemsFeedbacks

Human  
Systems Feedbacks

natural systems and landscapes due to  
long-term influences and short-term  
shocks, from local to continental scales.

3. Explore how uncertainty in data,  
model structure, model parameters,  
multi-model coupling strategies, and  
spatial and temporal resolutions  
influence projections of human-natural  
systems evolution.

im3.pnnl.gov

Integrated Multisector, Multiscale Modeling System 
–Laboratory Scientific Focus Area



Some recent publications



Now is the 

https://www.pches.psu.edu/

• science and technology
• impacts and adaptation
• regional integrated assessment modeling
• key energy-related intersecting systems
• uncertainty

PCHES – ADAPT

PCHES – FRAME

PCHES – PIAMDDI

Program on Coupled Human Earth Systems 
–University Cooperative Agreement

Goal of ADAPT: To understand multi-stressor and 
multiscale drivers of feedbacks, cascading failures, and 
risk management pathways within complex MSD systems

https://www.pches.psu.edu/


https://www.pches.psu.edu/

Some recent publications

https://www.pches.psu.edu/


Sectoral Interactions, Compounding Influences and Stressors, and Complex Systems: 
Understanding Tipping Points and Non-Linear Dynamics - University Cooperative 
Agreement

With a focus on the Mississippi River



The Changing Nature of 

Climate-Related Risks in Global 

Wind Power Resources

Schlosser, CA, S Uzquiano Perez 

and 

A Sokolov 

MIT Joint Program Report 357

Agricultural and forest 

land-use change in the 

continental United States: Are 

there tipping points? 

Gurgel, AC, JM Reilly and E 

Blanc

iScience

Representing 
Socio-Economic Uncertainty 
in Human System Models 
Morris, J, J Reilly, S Paltsev, A 

Sokolov and K Cox

Earth’s Future

Assessing Compounding Risks 
Across Multiple Systems and 
Sectors: A Socio-Environmental 
Systems Risk-Triage Approach 
Schlosser, CA, C Frankenfeld, S 
Eastham, X Gao, A Gurgel, A 
McCluskey, J Morris, 
S Orzach, K Rouge, S Paltsev and 
J Reilly

Predictability of U.S. regional 

extreme precipitation 

occurrence based on 

large-scale meteorological 

patterns

Gao, X and S Mathur

Journal of Climate

Challenges in simulating 

economic effects of climate 

change on global agricultural 

markets

Gurgel, AC, J Reilly and E Blanc

Climatic Change

Toward a just energy transition: 

A distributional analysis of 

low-carbon policies in the USA

García-Muros, X, J Morris and S 

Paltsev  

Energy Economics 

A consistent framework for 

uncertainty in coupled 

human-Earth system models

Morris, J, A Sokolov, 

A Libardoni, C Forest, S Paltsev, 

J Reilly, CA Schlosser, R Prinn 

and H Jacoby

MIT Joint Program Report 349

The role of cross-border 

electricity trade in transition to 

a low-carbon economy in the 

Northeastern U.S.

Yuan, M, K Tapia-Ahumada and 

J Reilly

Energy Policy

Statistical emulators of 

irrigated crop yields and 

irrigation water requirements

Blanc, E

Agricultural and Forest 

Meteorology https://globalchange.mit.edu/research/research-projects/secto
ral-interactions-compounding-influences-and-stressors-and-c
omplex  

Some recent publications
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https://link.springer.com/article/10.1007/s10584-021-03119-8
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https://link.springer.com/article/10.1007/s10584-021-03119-8
http://doi.org/10.1016/j.eneco.2021.105769
http://doi.org/10.1016/j.eneco.2021.105769
http://doi.org/10.1016/j.eneco.2021.105769
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MSD LIVE – a lab-led project

1. Quickly and easily find datasets produced by other 
users and projects.

2. Permanently archive small (<250 MB), medium (250 
MB - 50 GB), and large (50 GB to 20 TB) final-form 
datasets and generate data Digital Object Identifiers 
to meet journal requirements for data sharing.

3. Use an intuitive web-based user interface to 
document and share versioned datasets and 
associate data with the code used to produce it.

4. Train new team members on MSD projects to 
effectively manage data and code and capture the 
institutional knowledge of members that leave a 
project.

5. Create and manage teams that cross institutions to 
quickly and easily grant access to data and code 
without having to obtain multiple sets of institutional 
credentials.

6. Share working datasets across multiple institutions 
collaborating on a project in real-time.

You are invited to attend 
Thursday’s tutorial during 
the networking session



MSD in HyperFACETS – a large, “federated”, university 
cooperative agreement

Goals: 

1.  Advance our understanding of processes at the atmosphere-water-energy-land interface.
2.  Fundamentally understand and evaluate our ability to perform credible climate modeling 

of particular regions and their associated processes, especially in the extreme.  
3.  To strengthen stakeholder engagement in model development, evaluation and application.  

Engage effectively in co-production:  Together enforcing the science and meeting real 
needs.



Goal: To deliver a robust predictive 
understanding of coastal evolution that 
accounts for the complex, multiscale 
interactions among physical, biological, 
and human systems.

• Pacific Northwest National Laboratory led 
multi-institutional team (LANL a strong 
participant)… >60% funding awarded by PNNL to 
others

• Mid-Atlantic regional focus … existing DOE 
capabilities, complex systems interactions, extensive 
data, and converging interagency activities

• A “federated” approach spanning four distinct 
program areas within DOE’s EESSD; requires 
foundational work in each area and substantial 
crosscut modeling work. 

• Informs potential follow-on observational and 
experimental work.  

icom.pnnl.gov

MSD in Integrated Coastal Modeling – a large, 
“federated”, lab-led multi-institutional project



Earth System focus on:
• Sea ice and ocean dynamics
• Coastal Change
• Permafrost Hydrology
• Marine Biogeochemistry
Multi-sector dynamics focus on:
• Shipping
• Settlements
• Resource development

The INTERFACE project focuses on how the coupled, multi-scale 
feedbacks among land processes, sea ice, ocean dynamics, 
coastal change biogeochemistry, atmospheric processes, and 
human systems will control the trajectory and rate of change 
across the Arctic coastal interface.

MSD in Interdisciplinary Research for Arctic Coastal Environments 
(InteRFACE) – a large, “federated”, lab-led multi-institutional project 
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GLM Long-term goal: 
Improving predictive understanding of coastal systems by coupling 
Earth system components, each with application-appropriate detail, 
to understand the co-evolution and interdependencies of coastal 
regional processes and human systems, using the Great Lakes Region 
as a test bed.

MSD in Interdisciplinary Research for COMPASS Great Lakes 
Modeling – a large, “federated”,  lab-led multi-institutional project 



Project Objective
Improve understanding and modeling of Earth-Human System in Puget Sound Coastal 
Environments, and their vulnerability to climate change and other stresses.

Scoping Study (FY22)

Identify key knowledge gaps, modeling challenges, and research opportunities 

Pilot Research (FY22 –FY24): 

Regional-to-local hydroclimate and hydrological extremes

Regional Systems: Atmosphere & climate, Terrestrial 
Systems, Coastal systems, Human systems
●Extreme Events: Atmospheric river, rain-on-snow, flooding,  
Heatwave, drought, Wildfire
●Modeling Challenges and Opportunities: Predictive 
understanding of extreme events, Human system modeling on 
the terrestrial-coastal interface, Human-Earth interactions 

Voisin N., D.J. Rose, D.P. Broman, N. Sun, I.P. Kraucunas (2023). “Exploring Multiscale Earth System and Human-Earth System 
Dynamics in the Puget Sound Region”. https://doi.org/10.2172/1906804
Role of cloud processes on Atmospheric River precipitation modeling over the Northwest Pacific (Taraphdar et al., in prep)
Investigating climate-induced modulation to compound flooding events in the Duwamish River, WA (Preston et al., in prep)

Scoping Report

MSD in Puget Sound Scoping & Pilot Project - a “federated”, lab-led project 

https://doi.org/10.2172/1906804


Major Community Milestones – “We bring good things to life!”

https://multisectordynamics.org/

You are invited to attend 
Thursday’s tutorial during 
the networking session

MSD Community of Practice 
(COP)

https://multisectordynamics.
org/community-resources/ 

https://msdlive.org/ 

https://immm-sfa.github.io/msd_uncertainty_ebook/ 

https://multisectordynamics.org/
https://multisectordynamics.org/community-resources/
https://multisectordynamics.org/community-resources/
https://msdlive.org/
https://immm-sfa.github.io/msd_uncertainty_ebook/


MSD direct-funded and close affiliates 
comprise 10% of 2020 Global 
Environmental Change Section (GEC 
is 4th largest of AGU Sections)

Union Session

MSD convened DOE Town 
Hall

Inaugural MSD CoP participation at 2020 AGU and Major Presence Since

Multi-Sector Dynamics: Advancing 
Complex Adaptive Human-Earth 
Systems Science in a World of 
Interconnected Risks: Earth's 
Future (wiley.com)

2020 
AGU

Annuall
y

AGU Earth’s 
Future
Special Edition 
publication on 
MSD

https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2328-4277.MLTISCTDYN
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2328-4277.MLTISCTDYN
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2328-4277.MLTISCTDYN
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2328-4277.MLTISCTDYN
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2328-4277.MLTISCTDYN


Select, additional notables

• Chapter authors on the U.S. National Climate Assessment - Sector Interactions, Multiple Stressors, and 
Complex Systems

• Council of Economic Advisors Technical Report on Climate Macro Effects and Risks within Long-Term 
Economic Projections

• EU-US bilateral research cooperation between MSD and the European Commission’s (EC) Joint Research 
Centre on modeling of energy transition pathways

• Numerous engagements with DOE’s applied research organizations and  and interagency collaborators
• S-4 EW-SETT collaboration on prognostic, model-driven, energy-water Sankey Diagrams
• Innovations in AI/ML scenario discovery and outcome-based scenarios with broad interest and applications
• Significant advances in emulation  
• Substantial new code deposited in GitHub
• Inaugural MSD CoP Workshop with an emphasis on early career scientists, postdocs, and students.
• New technologies and applications for network analysis of research communities 
• Foundational support for IHTM 2.0, Mountainous Hydroclimate, AI4ESP, and other major workshops.  
• Large and increasing number of new, high-impact MSD-sponsored publications
• Strategic, MSD topical workshops, e.g., Snowmass 2024 on coastal, urban, and extremes
• Advances in modeling visualization
• Involvement/engagement/support for EESSD priority new initiatives:

• Urban IFLs - Urban Integrated Field Laboratories (IFL)**
• CRCs - Climate Resilience Centers.



A parting resource…compilation of MSD weblinks

DOE Multisector Dynamics (MSD) Program Area portal:
https://climatemodeling.science.energy.gov/program-area/multisector-dynamics
Multisector Dynamics Community of Practice (CoP) - funded by MSD Program Area 
through IM3 project – below):
https://multisectordynamics.org/ 
https://multisectordynamics.org/community-resources/  
Integrated Multisector, Multiscale Modeling (IM3) – Scientific Focus Area (SFA) project:
https://im3.pnnl.gov/
Global Change Intersectoral Modeling System (GCIMS) - Scientific Focus Area (SFA) 
project:
https://gcims.pnnl.gov/ 
Program on Coupled Human and Earth Systems (PCHES) - Cooperative Agreement 
project:
https://www.pches.psu.edu/
Sectoral Interactions, Compounding Influences and Stressors, and Complex Systems: 
Understanding Tipping Points and Non-Linear Dynamics - Cooperative Agreement project:
https://globalchange.mit.edu/research/focus-areas/multi-sector-dynamics 
https://globalchange.mit.edu/research/research-projects/sectoral-interactions-compoundin
g influences-and-stressors-and-complex

Integrated Coastal Modeling (ICoM) – MSD co-funded Earth and Environmental 
Systems Sciences Division project:
https://icom.pnnl.gov/
A Framework for Improving Analysis and Modeling of Earth System and 
Intersectoral Dynamics at Regional Scales – MSD co-funded Earth and 
Environmental Systems Modeling Program Cooperative Agreement project:
https://hyperfacets.ucdavis.edu/ 
Coastal Observations, Mechanisms, and Predictions Across Systems and 
Scales (COMPASS) Great Lakes Modeling Project – MSD co-funded Earth and 
Environmental Systems Sciences Division project:
https://compass.pnnl.gov/GLM/COMPASSGLM
Interdisciplinary Research for Arctic Coastal Environments (InteRFACE) project 
– MSD co-funded Earth and Environmental Systems Sciences Division project:
https://arcticinterface.org/ 
Living Intuitive Value‑adding Environment: A collaborative data and 
computational platform for the MultiSector Dynamics Community project
https://msdlive.org/   

https://climatemodeling.science.energy.gov/program-area/multisector-dynamics
https://multisectordynamics.org/
https://multisectordynamics.org/community-resources/
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https://icom.pnnl.gov/
https://hyperfacets.ucdavis.edu/
https://compass.pnnl.gov/GLM/COMPASSGLM
https://arcticinterface.org/
https://msdlive.org/

