Multi-Sector Dynamics Webinar

September 15, 2021, 10:00am — 12:00pm

Welcome!
The Webinar will start at 10am.

MIT Joint Program
Multi-Sector Dynamics

https://globalchange.mit.edu/research/focus-areas/multi-sector-dynamics

https://mst.mit.edu/

http://globalchange.mit.edu/
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Multi-Sector Dynamics Webinar

Before We Start

Please MUTE your microphone
Recording is ON (during presentations only)

Questions / Open Discussion (after presentations)

— Use the Q&A feature (enter text at any time, bottom of
the screen)

Presentation slides to be shared (Dropbox)

http://globalchange.mit.edu/



Multi-Sector Dynamics Webinar

Agenda

* Introduction (MIT Joint Program Director Ronald Prinn)

« MSD Overview and Triage (JP Deputy Director C. Adam Schlosser)
MSD and Water (JP Research Scientist Xiang Gao)

MSD and Land (JP Research Scientist Angelo Gurgel)

MSD and Economics and Energy (JP Research Scientist Jennifer
Morris)

MSD and Health (JP Research Affiliate Sebastian Eastham, MIT
Laboratory for Aviation & the Environment)

MSD and Infrastructure (JP Research Affiliate Alyssa McCluskey,
University of Colorado)

- Q&A

Moderator: Horacio Caperan, MIT Joint Program

http://globalchange.mit.edu/



Multi-Sector Dynamics Webinar
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* Introduction (MIT Joint Program Director Ronald Prinn)
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MIT Joint Program — Who we are

C @ © & https://globalchange.mit.edu o @ % I Team Of natural and social
[VIIT 2 rosmaw one Umescon ] scientists to provide:
s a SCIENCE AND POLICY I I I = I—

GGGGGGGGGGGGG of GLOBAL CHANGE

* scientific research that
integrates risk management
with policy and industrial
strategies

About Us | Research | Publications | News + Media | Events | Sponsorship

.. e e communication an
Advancing a sustamable i communication and
interaction with decision-

prosperous world o J & ouTic | makers, media outlets,

Our global and reglonal change projections provide a scientific 7% government and
foundation for strategic investment, policymaking and other A B canlh ! nongovernmental
% decisions that promote sustainable development. Learn more i Why the Earth needs a course : organizations, schools and

. R o B communities

* education of the next
generation with the skills to
tackle complex global and
regional challenges

We envision a world in which community,
government and industry leaders have the
insight they need to make environmentally
and economically sound choices

GLOBAL CHANGE http://globalchange.mit.edu/



Multi-Sector Dynamics Webinar

Agenda

« MSD Overview and Triage (JP Deputy Director C. Adam Schlosser)
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What is “Multi-Sector Dynamics”? Why do we care?
Climate and our natural environments are changing. Global
society is growing and becoming more complex.

We must view the world as growing, complex, interwoven
networks that co-evolve, interact, and become increasingly

inter-connected.

GUMANINFLUEN G,

Multi-Sector Dynamics (MSD) explores interactions and
interdependencies among human and natural systems and how
these systems may adapt, interact and co-evolve in response to
short-term shocks and long-term influences and stresses.

%, U.S. DEPARTMENT OF Office of

ENERGY science

By doing so — we sharpen understanding and foresight of the
structure, function, and evolution of complex human-environmental
landscapes that embody these systems.

http://globalchange.mit.edu/




CONCEPTUAL CONSIDERATIONS

Energy-System Transformation )
Energy Production & Infrastructure

: Water Management o '
PI‘I mary Sfl‘eSSOI‘S: Land Productivity and Transition Coastal Cities & Population
Compounding Extreme Events Nutrient Loading & Water Quality

Tropical Storms & Storm Surge
Saline Intrusion & Sea-level rise

* Climate and Weather
* Long-term climate trends; extreme events

* Economic
* Rapid/slow overall economic growth or decline; change in sectoral
demand /output
* Demographic
* Rapid/slow population growth or decline; changing trends of poverty, elderly,

infirm population...

Land, Water, Energy, Air, and Poverty

bl

Receptors:
* Socio-economic

* Economic Vulnerability

* Social Vulnerability

* Infrastructure /Network Vulnerability
* Natural Resources

* Land

* Water

* Air

* Energy

* Ecosystems What, where, when, and how do

these interact and amplify?

http://globalchange.mit.edu/



Multi-Sector Dynamics

INTERACTIONS OCCUR AT LOCAL TO GLOBAL SCALES AND INFLUENCES OFTEN TRANSFER ACROSS SCALES. INTERACTIONS
ACROSS THESE SYSTEMS OFTEN RESPOND TO STRESSES IN NON-LINEAR WAYS.

THESE SYSTEMS CAN EXPERIENCE CASCADING EFFECTS OR FAILURES AFTER CROSSING TIPPING POINTS.

BUT MANY TIPPING POINTS ARE NOT WELL UNDERSTOOD IN AND OF THEMSELVES.

Climate tipping elements:

What are they and how worried should we be?

[ Most immediate threats
[ Threshold in distant future
[ Disastrous, yet uncertain
I Competing factors at play
[ More research needed e N " noxic
[ Gradual changes

Melting Himalayan
Glaciers

reening

$

50‘”'*00?2 BY IMPROVING UNDERSTANDING OF INTERRELATED SYSTEMS, WE BETTER UNDERSTAND THE POTENTIAL
Y - N
N ﬁ TRAJECTORIES, VULNERABILITIES, RESPONSES, AND RESILIENCE OF THOSE SYSTEMS.

GLOBAL CHANGE http://globalchange.mit.edu/



Assessing Compounding and Co-Evolving Risks Across Multiple Systems and

Sectors: The MIT Socio-Environmental Triage (MST) Approach

w Water Land Climate Economic Energy Climate Opinions Demographics
v

C. Adam Schlosser’ Cypress Ris% Metrics V [] Highways [T] Major railroads [] Marine highways
Frankenfeld, Shelli Orzach, Xiang
Gao, Angelo Gurgel, Alyssa 8

McCluskey, Jennifer Morris,
Sebastian Eastham, Sergey
Paltsev, and John Reilly

MIT Joint Program on the
Science and Policy of

- ‘ MIT Joint Program on the Science and Policy of Global Change ® @ \ -
y / /\ . Massachusetts Institute of Technology « Cambridge, MA 02139 a
| S Contact Us JP Staff & Students Accessibility

O
MST.MIT.EDU

GLOBAL CHANGE http://globalchange.mit.edu/




Intersection of Flood Risk and Poverty

Water Stress Water Stress

Water Quality Water Quality
Temperature Stress Indicator Temperature Stress Indicator
Highly Erodible Cropland Highly Erodible Cropland
Land Disturbance Land Disturbance
Flood risk Flood risk

Employment in Fossil Fuels Employment in Fossil Fuels

FLOOD RISK R POVERTY

LANDSCAPE

Environmental | Justice

Population Under 18

Population Over 65 Population Over 65
Norwhite
Population Below Poverty Level About the First Street Flood Lab dataset Bopulation Below Poverty Level About the US Census Bureau dataset
Unemployment Rate The Fvs StreetFoundation Flood Labisa ollection of 10 leading academic and ndustry research patners Unaimployhint fats The Census Buresu s responsie for producng data sbout the American pecple snd cconomy. t contnusly
0 derive new insights irther ut ing of flood risk, its consequences, and pos ‘surveys ar dploqnms year, including the American Community Survey, the U.S.
su{«mnm nt Population jon Su urvey.

First Street Flood Lab website

Risk Metrics )

Combined data @

[C] Exposure to airborne particulate matter

[C] Water Stress

THE “HOTSPOTS” DEPICT SALIENT
WEST AND EAST FLANKING REGIONS
ALONG LOWER MISSISSIPPI,
APPLACHIAN/MID-ATLANIC, AND
A z 4 ISOLATED REGIONS ACROSS THE

it | - WESTERN U.S.

[C] Population Over 65

[J Water Quality

Flood risk

Weight Y
min max
[C] Highly Erodible Cropland

[[] Land Disturbance

[C] Temperature Stress Indicator

[C] Employment in Fossil Fuels

[C] Energy Expenditure as Share of GDP

] Nonwhite Populati [] Highways [T] Major railroads [] Transmission lines [] Marine highways [] Critical habitats
jionwhite Fopulation

@ Detailed View ~ DOWNLOAD DATA
Population Below Poverty Level

Oeps, o - FLOOD AND POVERTY RISK

®
MAZ [J Unemployment Rate
=

R (i.e. ability to cope with and/or rebound from flooding)

GLOBAL CHANGE http://globalchange.mit.edu/



WATER QUALITY INTERSECTION WITH POVERTY, RACIAL, AND EMPLOYMENT LANDSCAPES

VERIFICATION AND EXTRAPOLATION

Risk MetriCS A Water  Land Climate  Economic Energy  Climate Opinions  Demographics
Water Stress ¥ Detaied View  DOWNLOAD DATA
Combined data @ e sty s g
[} Exposure to airborne particulate matter wegt —————————_ o m m @ pmr— T
= ) o5 §

[C] Wwater Stress

Water Quality
Weight

min

[} Flood risk

[C] Highly Erodible Cropland

[] Land Disturbance

[C] Temperature Stress Indicator
[C] Employment in Fossil Fuels

[] Energy Expenditure as Share of GDP

Environmental Equity

[T} Population Under 18
[] Population Over 65

Nonwhite Population

Weight
min

Population Below Poverty Level

T = *  "HOTSPOT” AREAS ALIGNED WITH EJATLAS’ DOCUMENTED "~ y
Uimrpio e e SURVEY OF SEVERE ENVIRONMENTAL INJUSTICES RELATING - =
= ¢ TO WATER QUALITY ISSUES =

max

BUT AS RISK TRIAGE VISUALIZATION DEPICTS - THERE ARE OTHER U.S. COUNTIES WITH EQUALLY PRE-

CONDITIONED RISK-PRONE ENVIRONMENTS
http://globalchange.mit.edu/




MIT Global Change Outlook

Scenario

Description

N PRG Paris
$ "g 2021 GLOBAL CHANGE Forever

Y QUTLOOK

Paris 2°C

Accelerated
Actions

Current (as of March 2021) Paris Nationally Determined Contribution (NDC)
targets are met by all countries by 2030 and retained thereafter

Paris Nationally Determined Contribution (NDC) targets are met by all countries by
2030, after which there is an emissions cap based on a global emissions trajectory
designed to ensure that the 2100 global surface mean temperature does not exceed
2°C above pre-industrial levels with a 50% probability

More near-term actions are taken relative to Paris 2°C (including those planned
changes to NDCs announced in April 2021), and global emissions are consistent
with ensuring that the 2100 global surface mean temperature does not exceed 1.5°C
above pre-industrial levels with a 50% probability. Note: Climate results are shown
for a slightly different 1.5°C scenario (Paris 1.5°C) that uses a global emissions
price.

Lead Authors: Sergey Paltsev and Adam Schlosser

Co-Authors: Henry Chen, Xiang Gao, Angelo Gurgel, Henry Jacoby, Jennifer Morris, Ronald Prinn,
Andrei Sokolov and Kenneth Strzepek

Contributors: Noelle Selin, Richard Schmalensee and Lucy Young

TP
O,

GLOBAL CHANGE http://globalchange.mit.edu/

Design and Editing: Jamie Bartholomay, Mark Dwortzan, Jennifer Morris, Anne Slinn




Multi-Sector Dynamics

MSD INCLUDES REPRESENTATIONS OF ENERGY, WATER AND LAND SYSTEMS, INFRASTRUCTURE, NATURAL RESOURCES, ECONOMIES, TECHNOLOGIES,
POPULATIONS, HEALTH, CLIMATE, AND WEATHER PATTERNS AND EXTREMES.

MSD’s STRENGTH—AND BIGGEST CHALLENGE—IS HOW IT LINKS SOCIOECONOMIC, PHYSICAL, ENGINEERING, AND EARTH-SYSTEM DATA, MODEL
COMPONENTS, AS WELL AS RISK AND DECISION-MAKING FRAMEWORKS.

The goal of our research is to understand:
(1) Forces and patterns that affect economic and infrastructure development across and within

regions;
(2) Characteristics of interacting natural, managed, and built environments and human processes
that lead to stabilities, instabilities, and tipping points in economic and infrastructure

development; and
(3) How foresight could increase system resilience to future forces, stressors, and disturbances (both

natural and as a result of economic and infrastructure development).

Based on our assessment of structure, function, and evolution of interactions in physical, natural, and
socioeconomic systems addressed above, we will identify extractable insights of relevance to other
regions. _— g

USTAINABLE

ADVANCES IN ASSESSMENT AND FORESIGHT ALL SUPPORT INFORMATIVE ACTION TOWARDS A
SUSTAINABLE, RESILIENT, AND PROSPEROUS WORLD.

GLOBAL CHANGE http://globalchange.mit.edu/



Multi-Sector Dynamics

THANK YOU
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Multi-Sector Dynamics Webinar

Agenda

« MSD and Water (JP Research Scientist Xiang Gao)
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High-resolution Water Quality Model Over the US

Significance

 Complicate drinking water treatment and distribution systems
« Affect water supplies (human health and welfare)

* Force restrictions on recreational and commercial activities (economic impacts).

Interactions with MSD

* Climate (air & water temperature, precipitation, runoff, extreme events)
* Agriculture (fertilizer)
 Human (wastewater treatment)

* Municipal waste (facility-level pollutants, etc.)

http://globalchange.mit.edu/



High-resolution Water Quality Model Over the US

Unique Properties of Water
* Excellent solvent for gases, minerals, and organic compounds.

 Temperature-density relationship of water-induced thermal stratification of lakes

* Redistribution in concentrations of dissolved oxygen, phosphorus and nitrogen, metals and other
compounds

» Affects phytoplankton (algae) populations, water supply quality, fisheries management

Lake stratification

summer

(C e warm (lighter), well-mixed zone
D — *e‘g—j : on O . . 3
a A ~ transitional zone with rapidly changing

- temperature, resistant to wind mixing

—



2,119 basins (8-digit HU

GLOBAL CHANG

High-resolution Water Quality Model Over the US

Spatial Scale
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18 Basins (2-digit HUCs,
US Water Resources Council)

==
Pacific |
Northwest | _

Uil

Texas-Gulf
WV
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Model Overview

* climate & socioeconomic

* Water Quality Measures

Water Temperature
Dissolved Oxygen

Organic Carbon (particulate
& dissolved)

Nitrates (Ammonia,
Nitrogen & Organlc)

Phosphates (Organic &
Inorganic)

Phytoplankton
Metals
Salts

* Valuation
Willingness to Pay (WTP)

GLOBAL CHANGE

historical /
future Climate
(P, T, Wind, Rad,
Q, Psurf)

/N

Hydrological / land
surface model

Soil characteristics, PET,
Crop phenology, Kc, Ky,
population pro;ecﬂons

Water Demand
Model

5 _R = .. Demand
Reservoirs,
hydropower, water
management, flow \
til ~
g . Water Supply-
Demand Model
(monthly) D
BOD, heat, N, P,
metals, salt loadings
Water quality .
indices, willingness-
to-pay .

http://globe.. . ... —....._.

: Runoff

R =58  Flows =

-~

e

Valuation Model
Van Houtven et al. 2007

~

~

- ol = o \\
—>\ Volumes =
\?/

Water Quality
Model

(daily)

¥

“wa
impacts /

'\/



High-resolution Water Quality Model Over the US

Point and non-point Loadings

Average Seasonal Nitrogen Loading (kg) * Point sources

Dec-Feb — Municipal wastewater

treatment
* Non-point sources

— Agricultural nitrogen and
phosphorus from fertilizer

— Human waste

1e6 1e7 1e8

E http://globalchange.mit.edu/



High-resolution Water Quality Model Over the US

GLOBAL CHANGE

Water Quality Valuation (Van Houtven et al. 2007)

Water Quality
Parameters

Dissolved Oxygen
BOD
Phosphorous
Nitrogen

Temperature

Multiply by water-
shed population for
willingness to pay
(WTP)

Water Quality Constitute
Curves Specific Weight

Scale to value
between 0 and 100
using transformation
function

Weighted water

Change in WQI - Quiality Index

(WQl)

http://globalchange.mit.edu/



High-resolution Water Quality Model Over the US

Moving Forward

* Future projections under various policy scenarios (economic costs
and/or benefits associated with water quality)

* Large ensemble runs to account for various sources of uncertainty in
water quality (regional climate, socioeconomics)

* |dentify water quality risk hotspot or be integrated into triage platform
for assessing compounding risk stressors

%,
2N 2
)

GLOBAL CHANGE http:/globalchange.mit.edu/



High-resolution Water Quality Model Over the US

THANK YOU
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Multi-Sector Dynamics Webinar

Agenda

« MSD and Land (JP Research Scientist Angelo Gurgel)

ey,

s

u,,,”’l:/
”

Re,
Cmss’

GLOBAL CHANGE http://globalchange.mit.edu/



MSD and Land

Why and How Useful/Important?

Highly Erodible Cropland

* Land use impacts and is impacted by
multiple drivers and forces (human
activity and natural systems);

* Multi-scale economics influence and
propagate within and between several
sectors and systems associated to land
use;

* These interactions can lead to stabilities,
instabilities, and systems resilience within .= | ‘
multi-sector, multi-scale landscapes o “» 7

Source: USDA

http://globalchange.mit.edu/



MSD and Land

Resources and Tools

e Data sources \istiFel T L2

Cropland
— USDA

* Agricultural Census and Surveys (National
Agricultural Statistical Service — NASS)

* Forest Resources (Forest Service — FS)

* Prices, trade, policies, income (Economic
Research Service)

— WINDC, IMPLAM (input-output data)
— EPA,

* Key model/tools employed: o astureland o

AAAAA

— Global multisector, multisystem model o
(economic/environmental) ji‘

model (economnc/envnronmental)

* Challenges

— Complexity, multidimensions, spatial

f

Source: USDA

GLOBAL CHANGE http://globalchange.mit.edu/



MSD and Land

Example of Application

. Share of land used for agricultural purposes has decreased 11 percent since 1849
 How future forces affecting

Percent of U.S. acres

land use changes at the global '™ Other land
. ? _ w
level may impact the US: - s e

— Forces: income and population
growth, yield improvements,
trade policy, climate change, £0-
changing diets, ...

5
/' Nonagricultural land Forestland not grazed

Special uses (agricultural)*
a

orastiand grazed

\ Grassland pasture and range
— Impacts: land use changes, » Agricultural land

pollution, carbon storage, ¥
biodiversity, ... *
— |V|Ll|tip|e and compounding ?949 1954 1959 1964 1969 1974 1978 1982 1987 1992 1997 2002 2007 2012
forces: iS there d t'ppmg pOint *Special uses include rural parks and wildemess areas, rural transportation areas,
\...._inland use n the US? T T Dot e e S
§ ?2 U.S. Department of the Interior, U.S. Department of Commerce, and other sl #
% E Source: Bigelow, 2017 28

GLOBAL CHANGE http://globalchange.mit.edu/



Approach/Framework

Country- and State-
Level Drivers and
Teleconnections

TP
O Sr0s,

(4 )

GLOBAL CHANGE
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MSD and Land

Global Drivers and Bo

Regions

AFR Africa

ANZ Australia &
New Zealand

ASI  Dynamic Asia
BRA Brazil

CAN Canada
CHN China

EUR Europe (EU+)
IDZ Indonesia
IND India

JPN Japan
KOR Korea

LAM Other Latin
America

Middle East
Mexico
Other East Asia
Other Eurasia
RUS Russia
USA United States

http://globalchange.mit.edu/
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MSD and Land

Environmental Resources - Land

s

-

Ma niggeJ' Fo,re;st':

& .
o | |
|

http://globalchange.mit.edu/


https://creativecommons.org/licenses/by-nc-nd/3.0/

MSD and Land

Changes (%) in input use, emissions and agric. areas

Results Higher pressures less trade Lower pressures
60

more all less clim. imp. crops

more econ. growth less clim. imp crops&livest.

—Cropland area more pop. growth less yield constraint

—Manag. Forest area

Pasture area

more meat demand less meat demand

—Fertilizer/chemicals use

— N20O Emissions

— CH4 Emissions more yield constraint less pop. growth
— Cum. CO2 Emiss. LUC
more clim. imp crops&livest. less econ. growth
osgitoc, more clim. imp. crops less all
§ Y ““ more trade

GLOBAL CHANGE http:/globalchange.mit.edu/



MSD and Land

Summary and Further Research

e Current land use trends are intensified under
higher pressures for agricultural land and food
production

Land Disturbance

* No evidence of tipping points on land use oL
changes in the U.S. from global forces

« However, fertilizer use, N20 and CH4 & G
pi - 0

emissions from agriculture activities and CO

emissions from land use changes are - gas
substantially impacted under several land use . -
forcing scenarios. -

* Next steps:

— refine spatial resolution to extend the MSD analysis

e, to the state level, regional and local levels
,, A2

SR
% ﬁmprove economic — environmental connections

GLOBAL CHANGE http:/globalchange.mit.edu/

Source: EPA




MSD and Land

THANK YOU
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Multi-Sector Dynamics Webinar

Agenda

« MSD and Economics and Energy (JP Research Scientist Jennifer
Morris)
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Economics, Energy and MSD

Why is this important for MSD?

 Economic markets link sectors and systems

 Economic growth is key driver of many changes and is highly
uncertain

* Objectives are often economic-based (e.g. minimizing costs,
cost-effective investments, equity, etc.)

* Energy plays a key role in most sectors
— Impacts overall economy as well as other sectors and natural systems
— Energy-Water-Land Nexus

http://globalchange.mit.edu/



Economics, Energy and MSD

MIT Economic Projection and Policy Analysis (EPPA) Model

Representation: Global coverage, All sectors of economy

Major goals: I&S: Iron & Steel
. NMM: Non-Metallic Minerals (Cement, etc.)
Energy, econ(_)my_, GHG and air NFM: Non-Ferrous Metals (Aluminum, etc.)
pollutants projections. OEIN: Petrochemicals (Fertilizers, Olefins, etc.)
ﬁ; c Non_Energy VehiCIe T!Qes
Crops ICE (gasoline & diesel) Biofuel
Livestock Plug-in Electric — :
Forestry : Current generation
Food Battery Electric (Ethanol from
Energy Intensive Ind. Hydrogen Biodiesel)
Manufacturing
Services :
Industrial Transport AiETEET R

Household Transport

EPPA regions: Energy . .

AFR  Africa JBN Japan y Crude oil Technolo 1€S )

ANZ Australia&  KOR Korea P Refined oil Conv. Fossil (coal, gas, oil)
o Zevlond  LAM Other Ltin -~ Liquid fuel from biomass i

Asl - Dynamic Asia America q Adv. Fossil (NGCC, Adv Coal)

BRA Brazil Middle East 0I| Shale .

i G e Coal . coalwith CCS

EUR Europe (EU+) Gther Eurasia téllatgtl;?cl:i as (conv., shale, tight, CBM) | Coal + Bio Co-firing w/ CCS

IDZ  Indonesi RUS Russi e i

IND I:dioaneSIa USA ULrj\sitseIZStates Syntheﬂc gas (from coa|) Gas with CCS

Gas with Advanced CCS
Expansion: Industrial CCS options, Hydrogen production options, Hydrogen Pathways, Nuclear

. . L Ad d Nucl
Direct Air Capture, CO, utilization pathways Hyé?gce uclear

Solar
. . Wind
Model Features: Theory-based; Prices are endogenous; International | ying with Gas Backup

Trade; Inter-industry linkages; Distortions (taxes, subsidies, etc); GDP | Wind with Biomass Backup

ONT PR, Biomass
’, ; and Welfare effects T (o
% 3 Trade-off: Aggregated representation of regions, sectors, technologies

http://globalchange.mit.edu/



Economics, Energy and MSD

Linking Across Systems and Scales

Human System

Economic Projection and Policy Analysis (EPPA)
National and/or Regional Econemic Development,

MIT Integrated Global System
Modeling (IGSM) Framework

Urban Airshed

Air Pallution Processes

: 5
o -
v i
B e ¢ -l
Global Drivers and Country- and State- Impacts on Decision-Making
B Boundary §> Level Drivers and Local Frameworks at Local
%? Conditions Teleconnections Systems Levels

7]

LOBAL CHANGE http://globalchange.mit.edu/



Economics, Energy and MSD

Risk Triage: What is Currently Represented

Economy
Employment in all industries

GDP 2018
GDP 2018 Per Capita

Employment in Mining,
Quarrying, and Oil & Gas
Extraction

Employment in Construction

Employment in Agriculture,
forestry, fishing, and hunting

Employment in Healthcare and
social assistance

Per capita personal income 2018
Property Count

9 .
..":

%

789 $

http://globalchange.mit.edu/

GDP 2018
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Economics, Energy and MSD

Risk Triage: What is Currently Represented

Energy Employment in Fossil Fuels
*  Employment in Fossil Fuels A 4 - B N
 Employment in Renewables |\ r
 Employment in Efficiency "-” o ’
* Employment in Transmission ’- 2 'i-".'?,. ol
*  Employment in Motor Vehicles #f L §§:\
e B P Sy e i
* Energy Expenditure Per Capita _F"‘“i‘k -,
* Residential Energy Expenditure Per b
Capita .
P _ Employment in Renewables
e Transportation Energy Expenditure . R—
Per Capita X% Pl A
. | » i R v o |
* Energy Expenditure as Share of GDP a - £
* Residential Energy Expenditure as "'T»'?\ L "i'“ g )
Share of GDP ¥ St RS
- .
o Transportation Energy Expenditure as L :" e
SEP8% Share of GDP A i
Y j “ T" L

GLOBAL CHANGE http:/globalchange.mit.edu/



Economics, Energy and MSD

Example 1: Targeted Job Training Programs

Employment in Fossil Fuels Population Below Poverty Level Combined

9% of employed people

| ———
s . | s
12”
~ B E
N' | - r
. L ]

BN

+ "k i ¥ ¥
. 8 l..
I ~ase
- ht?
s -8 et =T
LN

http://globalchange.mit.edu/



Economics, Energy and MSD

Example 2: Fossil Assets and Flood Risk

Employment in Fossil Fuels Flood Risk Combine
= _ \Ij% of employed pecf)le ‘ = ﬁcl)?)v( Medium - w Risk
1}! '\.% - C Dy
m - x b A Y % R 7
: s 1 y
mE R o i st ™ T =
L | -'f.-H,," ¢ % - . *
’ ~ E,;-f- .4 ’_ K‘:i:"‘ i
- ht? b~ 4 .fﬂyh g 4
‘ 9 » A ¢
P » s f‘.'xl(
LN Sy of 2

http://globalchange.mit.edu/
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Economics, Energy and MSD

Example 3: Energy Poverty

Energy Expenditure as Share of GDP Population Below Poverty Level Combined
iy < g T
¥ Tur NI
J L= .:&_L,. 3 ""“..,F&"‘
-

TP
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Economics, Energy and MSD

Projections and Uncertainty

GDP USA GDP

Global

CT [
180 - Scenario

! 100_|||||||||||||||||||||||||||||||||||||_

i ] Scenario |
- — Reference B _ —— Reference / |
160 - Paris Forever ] —— Paris Forever '
- —— Paris2C 4  — Pars2C ]
_ —— Paris1.5C ] 807 —— Paris1.5C ]
= r ] —
2 140 C ] UD'J L -
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Economics, Energy and MSD

Projections and Uncertainty

Sectoral Emissions Intensity Global Primary Energy Use
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Economics, Energy and MSD

Summary and Further Research

* Picture of economic and energy landscape
* Can highlight interactions with different sectors/systems

* Extending to include projections from multi-system, multi-
sector dynamic regional model of the U.S.

* Adding additional data
— Energy: production, consumption, resources, prices, infrastructure...

— Economy: sectoral output, imports/exports (interstate trade), cost of
living, economic complexity index....

* Limited data at county-level

,\30 s
% 1 g
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Economics, Energy and MSD

THANK YOU

http://globalchange.mit.edu/



Multi-Sector Dynamics Webinar

Agenda

« MSD and Health (JP Research Affiliate Sebastian Eastham, MIT
Laboratory for Aviation & the Environment)
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Air pollution, Public Health, and MSD

Why is this part of MSD?

* Air pollution is a serious problem: 100k mortalities per year
in the US from combustion emissions (Dedoussi et al, 2020)

* Significant inequity in impacts

 Complex response to changes
in other MSD components,
including climate

B Annual deaths “exported” per
) 100,000 population

GLOBAL CHANGE
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Air Pollution, Public Health, and MSD

Background

Understanding current day pollution so that we know where the
problems are — and how they compound

* Currently using present-day population and air quality data

* Plan: air quality through 2100 using the IGSM-GCHP system

http://globalchange.mit.edu/



Air Pollution, Public Health, and MSD

Example: intersection of air quality and poverty

Air quality % in poverty
[T | =
Good Bad Low High
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Air Pollution, Public Health, and MSD

Accelerating identification of “risk hotspots”

w W oy |  Combining risk metrics
o ™ | allows rapid identification
J o » of “risk hotspots”
N
[

Applies to current risks —
but also the role of climate
change

*Water quality, air quality, and poverty

\ P
by
Y ¢ -A'?V
2
| \
f‘
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Air Pollution, Public Health, and MSD

Going from observations to insights

* Tool incorporates health data for every county, enabling

unified visualization and computation of air pollution health
impacts from simulated interventions

* Can directly quantify public health consequences of:
— Changing climate

— Environmental policy — both climate and air quality related
— Economic interventions

http://globalchange.mit.edu/



Air Pollution, Public Health, and MSD

Summary and Further Research

Now: air quality and public health as part of MSD research

In progress
* |ncorporation into “hotspot” identification
* Extension to include other criteria pollutants

Planned
* Expansion to future climate and global perspective

http://globalchange.mit.edu/



Air Pollution, Public Health, and MSD

THANK YOU
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Multi-Sector Dynamics Webinar

Agenda

« MSD and Infrastructure (JP Research Affiliate Alyssa McCluskey,
University of Colorado)
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INFRASTRUCTURE AND CRITICAL HABITATS

Why do we care about infrastructure in the
MultiSector Dynamics context?

— The main focus of MISD is the interaction and interdependencies
between human and natural systems, including between different
sectors.

— Infrastructure critically links different systems and sectors.
* Near term multisector infrastructure investments shape long term pathways
* Requires coordination across scales and sectors

— MST Framework

* Prioritize need for capital investment while enhancing resilience and equity

» Alert to risks of cascading failures across different configurations of
infrastructure, operating rules, demands, and settlement patterns

http://globalchange.mit.edu/



INFRASTRUCTURE AND CRITICAL HABITATS

Population Density

What is currently represented

people / sq mile

* Highways
 Major Railroads
 Marine Highways
Tonnage of
— Coal Petro
— Food
— Crude Materials
— Chemical

— Manufacturing
wrme  — Other

(&)

GLOBAL CHANGE http://globalchange.mit.edu/




INFRASTRUCTURE AND CRITICAL HABITATS

What is currently represented cont’d

Population Density

people / sq mile

e Transmission Lines
— Level 2 (230kV-344kV)

— Level 3 (>= 345 kV) q ()
R 7 - <. Ry : —"“, E
— Source: Homeland Infrastructure & ) Ny ol wr,‘.ﬂ/;x&\“\* % -ﬁ~
Foundation Level Data Q‘i W &25N [

V.

po o

V
X
>
=z
2 |

e Critical Habitats # 4
— All critical habitat for all

species listed as threatened

or endangered
— Source: USFWS

’ ,,«"E‘;// 58
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INFRASTRUCTURE AND CRITICAL HABITATS

Example 1: Business Relocation — Access to Transport and Energy

|/

Fayette, lllinois: 0.0

\NTPROHighways, Railroads and Waterways Transmission Lines
P igh Level 2 (245 KV — 345kV)
Level 3 (> 345 kV)
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INFRASTRUCTURE AND CRITICAL HABITATS

Example 2: Combined Flooding, Temperature Stress, Population Density

Combined Risk ) y
Low Medium High
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INFRASTRUCTURE AND CRITICAL HABITATS

Example 3: Combined Water Stress, Water Quality, Flood Risk, Land
Disturbance, Temperature Stress

Combined Risk
Lo

g w W -210 4|O Medium6|0 | H:g::
' 1 Critical Habitat
North
» f . a=—Carolina
Georgia
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INFRASTRUCTURE AND CRITICAL HABITATS

Example 4: Employment in Construction 2019 with Critical Habitats

% of employed people

1 T T T P
10 15 20 25 10 g

%""’3 P, % Florida
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INFRASTRUCTURE AND CRITICAL HABITATS

Highlights/Limitations/Future

Supports MSD Goals

— Prioritize need for capital investment while enhancing resilience and equity

— Alert to risks of cascading failures across different configurations of infrastructure, operating
rules, demands, and settlement patterns

Quick Visual Analysis

— Overlay on maps

— Thickness of line represents size (highways and marine highways)

— Infrastructure overlay provides additional information on how life could be impacted/hot spots.
Limitations

— Can’tinclude information into combined impact value (multi-system metrics)

Future

— Can add more overlays as needed (Superfund/toxic sites).
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INFRASTRUCTURE AND CRITICAL HABITATS

THANK YOU
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Multi-Sector Dynamics Webinar

Agenda

- Q&A
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Multi-Sector Dynamics Webinar

Q&A

Please enter text at any time using the Q&A feature
at the bottom of the screen

MIT Joint Program
Multi-Sector Dynamics

* https://globalchange.mit.edu/research/focus-areas/multi-sector-dynamics

* https://mst.mit.edu/
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Multi-Sector Dynamics Webinar

Thank you! PRAFT

For any additional questions: hcaperan@mit.edu

MIT Joint Program
Multi-Sector Dynamics

https://globalchange.mit.edu/research/focus-areas/multi-sector-dynamics

https://mst.mit.edu/
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