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Managing Risks and Transitions in Complex System

The next decade represents a tremendous < ®
opportunity toaddress climate, energy, \._, \\._,
and interrelated sustainability challenges /I /'

Navigating theséransitionswill require a
better understanding of the
Interdependenceof Earth and
environmental systemswith critical
Infrastructure andsocic-economic
systems.

Critical
Infrastructure

Environmental



The temperature extremes and
energy demands during the event
were equivalent to past winter
storms in Texadut caused $195 7
billion and 246 deaths in Texas

1 Doss Gollin et al (2021) https.//d(){
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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 socto
economic reasons:

A Texas operates on an
Isolated power grid

A Power generation systems
were not sufficiently
weatherized

A Insufficient planning for
high demands




Human response:

A Increased energy
demands

A Buying additional fuel

and generators

Storing food and water

Electricity scarcity pricing
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it for the power to turn on to fill
2lix for The Washington Post)
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Temperature Stress Flood Risk
Winter storms are

only one type of
hazard potentially
facing a region

Low High Low

Created using data from the MIT Socio-Environmental

Systems Risk Triage visualization platform at H |gh I_OW H |gh

https://est.mit.edu
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What i1s MSD?
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The study of how complex built,
natural, and sock®conomic systems
co-evolve In response to change
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Infrastructure
systems

Floods

MSD is a transdisciplinary research area
that seeks to advance our

. Energy
understanding of hovimuman-Earth Sealevel  Sector
system feedbacks shape —

. . afet.
Interdependent pathways of societal HHH
. . Tt
change across scales and uncertainties Wildfires |\ Socig;cconomic
Snowpack

Other interacting

sector

Urbanization

Earth &
Environmental
systems

MultiSector
Dynamics

Land
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Technological
change

Water
Sector

Population
Sector dynamics

Deteriorating in-
frastructure

Dynamics, interactions

and feedbacks



Globally, we are facing interconnected,
multisectoral risks.

.
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|grdgwalk towards the border
of Greece and North Macedonia. Credit: UNHCR




Need to Capture Compounding or Cascading Ris}

Aggregate
Interacting risks carmerge : + + N
across scales, systems, and L |
sectors

Compound: unidirectional Compound: bidirectional
Human responsesan be sk A L
strong determinants of risk 3 5 -
Combinations of multiple risks = cascace y
pose challenges for model il ’
based insights y 7
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Flgure adapied from Simpson et el (2021). A

1648 pages 489i 501. ISSN: 2590-3322.



TheMSD Community of PracticgMSD CoP)
represents an effort to accelerate
development of needed foundational
capabilities to address these challenges
through open science and growing a diverse
transdisciplinary workforce.
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https://multisectordynamics.org/joirus/



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

-
MSD COMMUNITY OF PRACTICE STRATEGIES

Communication Scientific
A Website Steering Group
A Newsletter
A Webinars
A Outreach

Coordination
A Workshops -
A Conference forums

A Linking research communities

DOE_ MSD
Projects Community
of Practice

Working Groups

Conceptual Framework/SSG
A Vision reporting

A FT & SSG drafting

A Review process Sponsors

Facilitation
Team

Technical coordination
A Working groups
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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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Multisector Impacts of Energy Uncertainty Quantification and Urban Systems Using Al to Enhance MSD
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-
CONNECTING MSD RESEARCH TO OPERATIONS WG

\ »'_Q’
N ] ‘

David McCollum (ORNL), Gokul lyer (PNNL)

Aims to furtherthew H h H w0 WNIPEraBidnNIINKS 4 S FmisSiok By
identifyingcollaborations communicating insightsandbridging expertise
Reaching out to federal and subnational agencies and multilateral institutions

down to individual Usand norUSbased researchers, domain experts, and
Implementation specialists.
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EARLY CAREER DEVELOPMENT WG

Julia Szinai (LBNL), Tom Wild (PNNL)

The mission of this WG Is to support the success of early career researchers in
fields related to MultiSector Dynamics. Fostepacity building across institutions
and scientific focus areathrough hosting professional development workshops
and forming a community of practice for MSD researeieachers.
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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 focusrmndeling advanceshat are needed to

capture distributivesocial impacton systems withmultiple stressorsand
Interconnected risks
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HUMAN SYSTEMS MODELING WG

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

This WG explorestate of the art modeling methodshat can improve
representation of human decision makinendadaptationin multi-sector
systems, drawing from advances in economics, social sciences, computer scien
and statistics. Investigates a range of modeling technigues and their integration

physical energyvater-land models for capturing human responsestoort-term
shocksandlong-term change .



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

A TYPOLOGY FOR CHARACTERIZING HUMAN ACTION
IN MULTISECTOR DYNAMICS MODELS

Sector 1 Sector 2 ... Sectorn
........................
Inter-sector
Interaction
___ Individuals: Politicians, bureaucrats, : . L .
judges E ..,\:;‘;‘\».:;\ SRR E &=
Organizations: Agencies, bureaus, £, Single actor
rts, congress . governs multipl
courts, : % = E sectors P e
v i i IE’“ Inst. P11 Ex: Actors e
| Ex: Agency ) Iena_cts_ t 1 ! across additional | |
e)gzlfi?lrgcﬁle : I Ex: Org '99'5|a"°"E P11 sectorsfurther | 1
. - : ! interact i
! i Ex:Utiitiesexchange & ! i
i 1
\

1
Provisioning i
1

Ly

Utilizing

i :advocates !
v 1 rule change *  services : v !

J I (e.g.energy<->water) & .
Individuals: Employee, general Pl e————» :
manager, operator, advocate L a—
Organizations: Utility, technology : Ex: Agencies :

.
form cooperative

company, advocacy groy \ :
pany, advocacy group 14 agreement

Ex: Utity JEx: Utity £y: A pousehold ~ \
delivers  Wbuilds new ot utilizes = \
resource flinfrastructure - sorvices :

“and advocates
< for change :

Individuals: Household member,
business employee S NSNS\
Pl H
Organizations: Households, * Ex: Single household E
businesses :  relies on services H
% from multiple sectors &
‘

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

Weaker ACtions  yarg (Physical) ActorRole
ﬁ >
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 humatural
systemdeedbackssectors andsocietal constructare missingfrom existing
analytical approaches arikfine new research pathway®wards a more holistic
understanding of thenulti-sector impacts of energy transitions
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-
UNCERTAINTY QUANTIFICATION & SCENARIO
DEVELOPMENT WG

Vivek Srikrishnan (Cornell), John Lamontagne (Tufts)

This WG studies theropagation of uncertaintiesincluding deep uncertainties,
through multi-sector systemsWe are interested in understanding how

uncertainty interacts with complex system dynamics anosssectoral feedback
mechanismso affect therobustness and resiliencef 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. 2



F O rm al reVi eW arti C | e Information flows between sectors

include

up/downscaling uncertainties, among others.

Focuses on challenges for

Forcing

L {24
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A Inference
A Model calibration

I
guantifying MSD uncertainties I%l :
I

0

A Projecting outcomes - (
A Scenario discovery k
A ldentification of risk regimes

Control Volume

Outcomes

-—)w

-~

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

UNCERTAINTY ANALYSIS IN MULTI-SECTOR SYSTEMS:
CONSIDERATIONS FOR RISK ANALYSIS, PROJECTION,
AND PLANNING FOR COMPLEX SYSTEMS

Exogenous forcings (such as climate and socioeconomics)
and control policies are additional sources of uncertainty.

~ ~
Kk b
Policy Forcing

" = P
N

Qutcomes

Control Volume

f
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tor outside of the

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 studiesities as focal pointfor addressing questions related system
dependencies, tipping points, and uncertaintieGities are also a fruitful conte»

to exploremodel coupling across sectors and scaldswever, efforts to

combine multisector urban tools and insights to examine key uncertainties,
Interactions, and tradeoffs.
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Epistemologies

- Observations
«Theory

« Modeling

« Machine Learning
« Decision Science
« Co-Production

€Cpe

Urban Systems

What: Sectors
« Water

Why: Hazards )
« Flooding

« Drought

- Wildfire
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S

EETTm—
Where:

Geographic
Scales

« Neighborhood
- City -Region

« Energy
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Whos: Social Scales

« Individual
- Community
« Institution
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« Nation
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URBAN SYSTEMS WORKING GROUP REPORT

MultiSector
Dynamics

MultiSector Urban Interactions:
Fundz.nental Scienre: Nce s o Inform Pathways to More
neShidnl “OMutlalilits 1 @ Changing Climate

I'rhbar Scier:ze Workshop - July 21%¢ - 23" 2021

KEYNQOTE PANEL: JLiLY 2157 2021 from 10 am — 12 pm (PT)
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* ¢
Karen Seto Paul Waddell

¥iw
School of the Environment City & Regional Planning

A"hﬂ.
Yale University UC Berkeley

Luis Bettencourt
Mansueto Institute
University of Chicago

Anu Ramaswami
Civil Engineering
Princeton University

Workshop Report:

Multi-Sectoral Urban Interactions:

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

,2021

July 21 - July

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 teapand the current toolsavailable for
control problems(e.g.,Reinforcement Learning thereby allowing us to operate

and planhighly nonlinear and interconnected Humakkarth systemsWe seek

to clarify opportunities and risks associated with recent Al advances and their
Implementation in MSD science.
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EARTHOS FUTURE SPECI AL | SSUE

18 openaccess research
articles submitted from a mix
of MSD supported researchers
and other global researchers

Published September 2020 ) LA
April 2023 Modeling MultiSector Dynamics

to Inform Adaptive Pathways

Earth’s Future




-
NEW EARTHOS FUTURE SPECI AL COl

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)
Marjolijn Haasnoot (Deltares)

Systems Science In a World of
Interconnected Risks

Submission window: May 202Becember 2024,
Published 12 papers so far
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One of the largest coordinated topical

OCEANIA
NewZealand <17 ASIA
China 10%

India

MIDDLE
Jordan EAST
ngre <1%
France
Germany
Italy
EUROPE
14%

United States
United Kingdom

Mexico

NORTH AMERICA
75%

A 22 countries
A 37% student presenters
A 28% international authors

2023 AGU FALL MEETING

areas in Global Environmental Change!

Preparing Next Multi or

Generation s
Oral I: Thurs (10:20-11:50) Researchers to Meet SI‘J:_ynamus‘
2 Transdisciplinary ience and

Environmental Model_ing for
Poster II: Fri (08:30-12:50) Challenges Societal Poster I: Wed (14:10-18:30)

(Multisector Transformation
Dynamics)

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

Multisector Multisector
Dynamics: Dynamics: Adapting
5 :20-11:! . Energy Systems to a
OrallTues (16:20-1150) @ Confluence of M u |t | S eCtO r Changing Climate b
Societal and i Overcoming
Poster Il: Wed (14:10-18:30) @ Ci';wm'{m;'r: Dynamics Pemss heteces
ng:el:s 5 Climate Modeling

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

Multisector
Mu!tise(tor Dynamics: Advances Oral I: Tues (14:10-15:40)
Oral I: Wed (10:20-11:50) @ Dynamics: Extreme in Modeling,

Weather, Emulation, and : ; ;
Compound Uncertainty Oral Ii: Tues (16:00-17:30)
Poster Il: Wed (14:10-18:30) @ Hazards, and

Characterization of
Impacts on Society Human and Earth @ Poster lll: Wed (14:10-18:30)
Systems

Multisector
Dynamics:

Oral |: Wed (08:30-10:00) @ [”y”‘"‘)“/'“, Sustainable
nergy Water- @ Poster I: Wed (14:10-18:30)

Multisector

Energy

Land i s
Poster IIl: Wed (14:10-18:30) @ Interactions at L’agz""lf‘s in
Multiple Scales the Developing

World

A 7 oral sessions
A 8 poster sessions
A 133 abstracts from 606 authors
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2023 AGU FALL MEETING HIGHLIGHTS

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