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Managing Risks and Transitions in Complex Systems

The next decade represents a tremendous )
opportunity to address climate, energy, \._, \\,_,
and interrelated sustainability challenges /I /l

Navigating these transitions will require a
better understanding of the
interdependence of Earth and
environmental systems with critical
infrastructure and socio-economic
systems.

Critical
Infrastructure

Socio-economic
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The temperature extremes and

energy demands during the event
were equivalent to past winter :
storms in Texas! but caused $195 7
billion and 246 deaths in Texas 7
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https://doi.org/10.1088/1748-9326/ac0278

Besides the environmental
hazard, these impacts were
due to several institutional,
infrastructural and socio-
economic reasons:

- Texas operates on an
isolated power grid

- Power generation systems
were not sufficiently
weatherized

- Insufficient planning for
high demands

SAFETY IINTEGRITY _ SOLUTIONS o § -
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Human response:

Increased energy
demands

Buying additional fuel
and generators

Storing food and water
Electricity scarcity pricing

tanks in Hous

it for the power to turn on to fill
elix for The Washington Post)




Risk emerged as a
result of many
dynamic processes
and actions across
many systems and
across different
scales

Climate change

Poor weatherization of
Roadway and oA e generation systems

transportation locku
P b extreme weather \4 v I |
——) atural gas supply

Limited food supply Reduced Electricity curtailment

petroleum restoration

refining services Electricity

capacity delayed generation outages
for all fuel types

High energy demands

Risk to basic energy

A Power outages
services (heat, water, food) 9

Low water pressure

Injury, illness, and and outages
loss of human life
Telecommunication outages
Poor home weatherization

Operation of clinics and hospitals

Risk to electricity supply

Financial damages to people Isolated electricity grid

Scarcity pricing in Limited oversight on Insufficient planning for supply
electricity markets emergency actions and demand in cold weather

. Earth and . ;
System: Socio-economic Governance

Reed et al. MultiSector Dynamics: Advancing the Science of Complex
Adaptive Human-Earth Systems. Earth’s Future (2022)
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Temperature Stress Flood Risk
Winter storms are &

only one type of
hazard potentially
facing a region

Low High Low

Wildfire risk

Created using data from the MIT Socio-Environmental

Systems Risk Triage visualization platform at H |gh
https://est.mit.edu

Low High Low




What is MSD?

The study of how complex built,
natural, and socio-economic systems
co-evolve in response to change.

MSD is a transdisciplinary research area
that seeks to advance our
understanding of how human-Earth
system feedbacks shape
interdependent pathways of societal
change across scales and uncertainties.
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Globally, we are facing interconnected,
multisectoral risks.
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Need to Capture Compounding or Cascading Risks

Aggregate

Interacting risks can emerge
across scales, systems, and
sectors

Compound: unidirectional Compound: bidirectional

Human responses can be
strong determinants of risk

Combinations of multiple risks Cascade
pose challenges for model-
based insights

Figure adapted from Simpson et al. (2021). “A framework for complex
climate change risk assessment”. In: One Earth 4.4,
1648 pages 489-501. ISSN: 2590-3322.



The MSD Community of Practice (MSD CoP)
represents an effort to accelerate
development of needed foundational
capabilities to address these challenges
through open science and growing a diverse
transdisciplinary workforce.

https://multisectordynamics.org/join-us/
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https://multisectordynamics.org/join-us/

Communication
Website
Newsletter
Webinars
Outreach

Coordination
Workshops
Conference forums
Linking research communities

Conceptual Framework/SSG
Vision reporting
FT & SSG drafting
Review process

Technical coordination
Working groups

DOE MSD
Projects

Scientific
Steering Group

. Working Groups
Community

of Practice

Facilitation

Sponsors e

-
MSD COMMUNITY OF PRACTICE STRATEGIES
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MSD COP FACILITATION TEAM

Chris Vernon Patrick Reed Erwan Monier Antonia Hadjimichael Rohini Gupta
PNNL Cornell University UC Davis Penn State Cornell University

Lillian Lau Sequoia Alba Gabriela Gesualdo Hamsa Ganapathi
Cornell University UC Davis Penn State UC Davis
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-
MSD COP SCIENTIFIC STEERING GROUP (SSG)

Dimmini
Nathalie Voisin, Klaus Keller, Nicole Jackson, Casey Burleyson, Jen Morris. MIT Andy Jones, Rebecca Saari,
PNNL Dartmouth Sandia PNNL Core mem’ber UC Berkeley U. of Waterloo
Core Member Core Member Core Member Core Member Core member Core Member

me A
o o

Vivek Srikrishnan, Cornell Christa Brelsford,

David McCollum, Oak Wei Peng,

Ridge Princeton University \‘/]\;Jcl_;'?eszrlgsé’r#:[:\\l/: University LANL V\\/](I;mre\z(orzz’elsglt\:\l;e
WG Representative WG Representative P WG representative WG representative P
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Equity OAAD

Connecting MSD Research to Early Career Development Equity in MultiSector Dynamics Human Systems Modeling

Operations

IO
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R _© Al
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|
Multisector Impacts of Energy Uncertainty Quantification and Urban Systems Using Al to Enhance MSD

17
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-
CONNECTING MSD RESEARCH TO OPERATIONS WG

\

David McCollum (ORNL), Gokul lyer (PNNL)

Aims to further the R202R (‘research-to-operations-to-research’) mission by
identifying collaborations, communicating insights, and bridging expertise.
Reaching out to federal and subnational agencies and multilateral institutions

down to individual US- and non-US-based researchers, domain experts, and
implementation specialists.

18



EARLY CAREER DEVELOPMENT WG

The mission of this WG is to support the success of early career researchers in
fields related to MultiSector Dynamics. Foster capacity building across institutions
and scientific focus areas through hosting professional development workshops
and forming a community of practice for MSD researcher-teachers.

19




EARLY CAREER DEVELOPMENT WG

AGU Fall 2023 MSD Meet Up: had over 60 participants. Ongoing plans for 2024.
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EQUITY IN MSD WG

Rebecca Saari (Univ. of Waterloo), Sarah Fletcher
(Stanford), Amanda Giang (University of British Columbia)

This WG is focused on assessing the current status of MSD equity research,
identifying key research frontiers, and supporting community members in
advancing these frontiers. Strong focus on modeling advances that are needed to

capture distributive social impacts on systems with multiple stressors and
interconnected risks

21




HUMAN SYSTEMS MODELING WG

Jim Yoon (PNNL), Christian Klassert
(Helmholtz-Centre)

This WG explores state of the art modeling methods that can improve
representation of human decision making and adaptation in multi-sector
systems, drawing from advances in economics, social sciences, computer science,
and statistics. Investigates a range of modeling techniques and their integration with

physical energy-water-land models for capturing human response to short-term
shocks and long-term change.
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Human Systems Modeling WG

Lays out typology for classifying
how human systems are
represented in models

Provides a review of human
systems abstractions in different
bodies of literature

Categories

of Actor Roles

Governing ;
1

1
Provisioning i
1

A TYPOLOGY FOR CHARACTERIZING HUMAN ACTION
IN MULTISECTOR DYNAMICS MODELS

Sector 1 Sector 2 ... Sectorn
........................
Inter-sector
Interaction
___ Individuals: Politicians, bureaucrats, : . )
judges : DI il
Organizations: Agencies, bureaus, : Ex: Single act
. governs multipl
courts, congress - : o
i s — P4 j &
) i i IEX Inst. 3 P | 1 Ex: Actors :
| Ex: Agency ) Iena_cts_ t 1 ! across additional | |
e)gzlfi?lrgcﬁle : I Ex: Org '99'5|a"°"E P11 sectorsfurther | 1
| 1 H St * 1 ! interact '
; , advocates :  Ex: Utilities exchange & - ]
¥ 1 rule change 1 services : v ! v ;
J ! (eg.energy<->water) } .
Individuals: Employee, general Pe——» ¢}
manager, operator, advocate T +—>
Organizations: Utility, technology : Ex: Agencies :
company, advocacy group i\ [fom cooperative | 3 S
N HRANNN agreement 13 A A
Ex: Utlity §Ex: Utiity | £y: A household, : i :
delivers - §builds new < poth yilizes  + N H H I
resource Jinfrastructure \ seryices : N : i N .
“'and advocates : B H ' N\ !
“forchange 3 Ex: Utility ac : . ) !
\ . nsumer in - 1 N :
— : other sector A\ B
Ly Individuals: Household member, H '

Utilizing

business employee HES AN NN
Organizations: Households, : Ex: Single household E
businesses :  relies on services H

H from multiple sectors &

.,
......................

Weaker Actions  arg (Physical) ActorRole
>

Stronger Actions Soft (Informational)
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https://doi.org/10.1029/2021EF002641

-
MULTISECTOR IMPACTS OF ENERGY TRANSITIONS WG

Wei Peng (Princeton), Jordan Kern (NC State)

This WG is focused on advancing understanding of the multisectoral impacts of
energy transitions by building a diverse team to identify what human-natural
systems feedbacks, sectors, and societal constructs are missing from existing
analytical approaches and define new research pathways towards a more holistic
understanding of the multi-sector impacts of energy transitions.

24



-
UNCERTAINTY QUANTIFICATION & SCENARIO
DEVELOPMENT WG

Vivek Srikrishnan (Cornell), John Lamontagne (Tufts)

This WG studies the propagation of uncertainties, including deep uncertainties,
through multi-sector systems. We are interested in understanding how

uncertainty interacts with complex system dynamics and cross-sectoral feedback
mechanisms to affect the robustness and resilience of these systems. We also
conduct research into the construction of scenarios to capture the range of
uncertainties in outcome space in the presence of deep uncertainty.

25



-
UNCERTAINTY ANALYSIS IN MULTI-SECTOR SYSTEMS:

CONSIDERATIONS FOR RISK ANALYSIS, PROJECTION,
AND PLANNING FOR COMPLEX SYSTEMS

F O r m a I reVi e W a rt i C I e Information ﬂ_ows betwe:‘en.sectors include Exogenous fort_:i{?gs (such as climate and socioeconqucs)
up/downscaling uncertainties, among others. and control policies are additional sources of uncertainty.
1 P ' ~ N
Focuses on challenges for e | x 4
) olicy | Forcing b) Policy Forcing
° ° L3 ° a L3 [
quantifying MSD uncertainties B2 | g4 E3) B iéd
* Inference ‘l' | ‘L ‘l' ¥
* Model calibration )
Outcomes Outcomes
«  Projecting outcomes —> 0 ] —> 0
ontrol Volume
« Scenario discovery
« |dentification of risk regimes »
Control Volume =~ . Moving a sector outside of tr;e

system control volume results
in its state being considered as
another exogenous forcing.

Srikrishnan et al (2022) Earth's Future, https://doi.org/10.1029/2021EF002644



https://doi.org/10.1029/2021EF002644

URBAN SYSTEMS WG

Christa Brelsford (LANL), Pouya Vahmani (LBNL)

This WG studies cities as focal points for addressing questions related to system
dependencies, tipping points, and uncertainties. Cities are also a fruitful context

to explore model coupling across sectors and scales. However, efforts to

combine multi-sector urban tools and insights to examine key uncertainties,
interactions, and tradeoffs.

27




Publication

“Cities are Concentrators of Complex, MultiSectoral Interactions

URBAN SYSTEMS WORKING GROUP REPORT

in-review with Earth’s Future:

within the Human-Earth System.” (Brelsford et al.)
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@Secior
Dynamics
MultiSector Urban Interactions:

Fundamental Science Needs to Inform Pathways to More
Resilient Communities in a Changing Climate

Urban Science Workshop - July 21° - 23" 2021

KEYNOTE PANEL: JULY 2157 2021 from 10am—-12 pm (PT)

Mg

N il B ™

Anu Ramaswami Luis Bettencourt
Civil Engineering Mansueto Institute
Princeton University University of Chicago

Karen Seto Paul Waddell
School of the Environment City & Regional Planning
Yale University UC Berkeley

Workshop Report:

Multi-Sectoral Urban Interactions:
Fundamental Science Needs to Inform
Pathways to More Resilient
Communitiesiiniai€hangingC Iiﬁte

Organized by Christa Brelsford and Andre!

A workshop organized by the MultiSector Dyni
of Practice Working Group rban Systems

July 21 - July 23,2021

28
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USING Al TO ENHANCE MSD WG
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Stefano Galelli (Cornell), David Gold (Utrecht University)

This WG is exploring Al techniques that expand the current tools available for
control problems (e.g., Reinforcement Learning), thereby allowing us to operate

and plan highly nonlinear and interconnected Human-Earth systems. We seek

to clarify opportunities and risks associated with recent Al advances and their
implementation in MSD science.

29




MSD EARTH’S
FUTURE SPECIAL
ISSUES



EARTH’S FUTURE SPECIAL ISSUE

18 open-access research
articles submitted from a mix
of MSD supported researchers
and other global researchers

Modeling MultiSector Dynamics
to Inform Adaptive Pathways

Published September 2020 —
April 2023

Earth’s Future




-
NEW EARTH’S FUTURE SPECIAL COLLECTION

Organizers
Patrick Reed (Cornell)
Nicole Jackson (Sandia)
Katharine Mach (U Miami)
Nicholas Simpson (U Cape Town)
Nathalie Voisin (PNNL)
Jennifer Morris (MIT)
Ryan McManamay (Baylor)

Systems Science In a World of
Interconnected Risks

Marjolijn Haasnoot (Deltares)

Submission window: May 2023-December 2024,
Published 12 papers so far
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OCEANIA
NewZealand <17 ASIA
China_ 10%
India
MIDDLE
Jordan EAST
Austre <1%
France
Germany
Italy
EUROPE
14%

United States
United Kingdom

Mexico

NORTH AMERICA
75%

22 countries
37% student presenters
28% international authors

2023 AGU FALL MEETING

Multisector
Oral I: Tues (08:30 - 11:00)

Preparing Next
Dynamics:

One of the largest coordinated topical areas in Global Environmental Change!

Generation
Oral I: Thurs (10:20-11:50) Researchers to Meet -
28 Transdisciplinary Suenoe and
Environmental Model_lng for
Poster II: Fri (08:30-12:50) Challenges Societal Poster I: Wed (14:10-18:30)
(Multisector Transformation
Dynamics)
Multisector Multisector
Dynamics: Dynamics: Adapting
1T :20-11: . Energy Systems to a
Ol il 10201500 Confluence of M u |t | S eCtO r Changing Climate b % 7 »
Societal and i Overcoming Poster I: Wed (14:10-18:30)
Poster Il: Wed (14:10-18:30) Environmental Dynamics Disconnects Between
Change in Urban Energy System and
Climate Modeling

Areas
Oral I: Tues (14:10-15:40)

Multisector
Mu!tise(tor Dynamics: Advances
Oral I: Wed (10:20-11:50) Dynannfs:hExtreme in Modeling,
Weather, Emulation, and @ Oral Il: Tues (16:00-17:30)
Uncertainty

Compound
Poster lll: Wed (14:10-18:30)

@ Hazards, and Characterization of
Impacts on Society Human and Earth

Systems

Poster Il: Wed (14:10-18:30)

Multisector

Multisector :
Dynamics: Dynamics:

it ol Energy Wate Sustainable
nergyWater- Energy @ Poster I: Wed (14:10-18:30)

Transitions in

Land
Poster Il: Wed (14:10-18:30) @ Interactions at Fie Developi
Multiple Scales the Developing
World

7 oral sessions

8 poster sessions
133 abstracts from 606 authors N



2023 AGU FALL MEETING HIGHLIGHTS

i Global
Environmental |

\_—

INTERIOR \
S

MSD Global Environmental Change Poster aisle at AGU 2023 MSD meetup snapshot at AGU 2023
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AGU 2024 SESSIONS

Extreme
Weather,
Compound
Hazards, and
_ Impacts in Confluence of
Msz'el’ﬁce f& Society Societal and
ocelingitor Environmental
Societal Ch :
Preparing next Transformations Urb:r?}gﬂerelzs Ad )
generation dvancings
researchers to Social Equity in
meet Complex
transdisciplinary . H Human-Natural
environmental Modeling M u ItlseCtor :
A e s Advances for ) Systems Uncertainty
9 Representing Dy namics Characterization
Adaptive Human for Coupled

Systems Natural-Human

Response to Advances in Systems
Change Global-to- Energy-Water-

Regional Land Land

Use and Land _ Interactions at

Cover Change Using Al to Multiple Scales

Modeling Model and
Manage Adapting Energy
Complex Systems to
Adaptive Climate Change
Human-Earth

Systems
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INAUGURAL
MSD
WORKSHOP

(UC DAVIS, OCT 3-5, 2023)



B 96 attendees

B 29 students, 43 early career
B 6 DOE National Laboratories
W 25 U.S. Universities

B 5 International Universities

B 1 Federal, 1 State Agency, 1 NPO
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WORKSHOP REPORT NOW OUT!
MULTISECTOR

DYNAMICS

2023 Inaugural
Workshop Report

Key Themes:

Improving the operational relevance of MSD research
related to climate change and energy transitions

Better capturing human actors' responses to emergent
risks

Understand how human and natural drivers and
uncertainties shape global-to-local dynamics

Challenges to analyze equity in MSD research

Using Al to advance modeling of complex adaptive Human-
Earth systems

A Report by the MultiSector Dynamics Research Community
for the U.S. Department of Energy’s O ffice of Science, Earth
and Environmental Systems Modeling Program

39
Monier et al. (2024) MultiSector Dynamics: 2023 Inaugural Workshop Report. MSD-LIVE Data Repository. doi:10.57931/2371710.
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-
AI-ENABLED SYSTEMATIC REVIEW OF MSD

Data collection and cleaning Active learning Al I
Tenand the ~ 491 MSD-elevant publicalions used 1o buld our priors ﬂ‘in _______
Sclentific + Keywords extracted via GPT-3 from these to generate an additional 112
Steering Group search phrases. T

Searches yielded 138,038 publications

«  Filtered for validity and redundancy yielding 94,401 publications

+ Resutting in a corpus totaling 94,892 publications to screen representing
content from 7,759 journals

m Collaborative effort with our SSG T R ———

Model selection

and FT members

Initlal screening model == Output: RITL
plpeline determined from =
pliot study (231

‘combinations explored):

B Fully transferable framework e TR B

Query: Maximum Pr.

e
model .

B2 Oasreview

' Annotator decides '
relevance

selection via sampling

Classification model

Balancing: Double

using Large Language Model and ity ok S

Graph, and other ML innovations M o Complax Huiears
e o = W Earth Systems
to understand the MSD literature A Science through

Natural Language
Processing, Graph

Ancillary data "“
_ Extended corpus with:

landscape at large for 105,336 achine Leaning ol
Intelligence | m— - SopsAblr s and

90% prob. relevant

publications

Graph analysis

Nodes and the relationships have
attributes used in community detection,

determining centrality, and link

prediction.

Identity groups of authors or affiliations

who are more likely to publish on certain

topics when they are working together, Author O '\'thflfnale +

m |dentify gaps and opportunities :
for COl |a boration m s Large Languagj?ﬁ”:;’:‘:ﬁf;;’:::‘egmﬁ:nmwbrm'

roh = to connect concepts and relay them in

M M M M DVELOW; a conversatlonal way along with

m Article in preparation for this f b L e

Organized tracking of Eﬁamisres guardrails for LLM citations, etc.).
’ . . s M s | e L e
- Lot topic modeling:
Earth’s Future special collection el —F | =

a vector database which are
Ry used to prompt the LLM.




MORE INFORMATION

Issue 24 - July 2024

MultiSector Dynamics
Communtty

Welcome to the newsletter of the
IN THIS ISSUE MultiSector Dynamics Community

o MSD @AGU2024 Sessions

. ello A Sector Dynamics (MSD) Community
e Utban Systems Uncoming Hello MultiSector Dynamics (MSD) Community

Webing

. E:).,;,r.::—_[,_,m,e Call for We've had an action-packed first haif of 2024 so far. In this issue, we highlight aur
;’(7[2'“}; il (twelvel) accepted sessions at the 2024 AGU Fall Meeting now seeking abstract

o B submissions by 7/31. We provide some highlights from our 2024 webinar series. Look
o out for the upcoming Urban Systems WG webinar featuring Dr Harini Nagendra. Your
Workina G Webin contributions are welcome for our Earth's Future Special Collection Be sure to also

e :vOrM e \‘,rcup Weobmnar check out our research spotlight on Adam Pollack, a postdoctoral researcher at
Speoker Series Dartmouth College!

« Relevant Publications

o MSD Jobs

ch Spotlight: Adam

www.multisectordynamics.org

MultiSector Dynamics

@:, JOIN US

https://multisectordynamics.org/join-us/

MSD Sessions at AGU 2024

The MSD CoP is seeking abstract submissions for twelve sessions at the 2024 AGU Fall Meeting in

Washington, D.C. this December. The following graphic summarizes the titles of each session and will
help you start planning your attendance at the Meeting. Details on timing and content of each session
will be released in the following newsletters. (Folks can click on the figure)

Multisector Issue 24
Dynamics July 2024

42


https://multisectordynamics.org/join-us/

A WORKING GROUP SUCCESS

Sunset Working Group

Open Science and FAIR Data

- wMSDLIVE

Casey Burleyson (PNNL), Adam Schlosser (MIT)
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