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How does climate knowledge How do climate and energy transitions
influence energy transitions? impact people and the economy?




\‘5/ Which models, tools, and data should | use to

Pacific

Northwest Uunderstand climate-infrastructure resilience?

* |s any data better than no data” How do we assess
quality of data? Relevance to specific questions?

* Who are the users of the models, tools, and data
(researchers vs. engineers vs. policy makers vs.
community planners)?

« How do we “translate” climate information to a diverse
set of users?

* Should we embrace multiple models, tools, and
datasets to improve confidence in the decision
making process?

* It's not just about climate data! What about projections
iIn human systems (population, socioeconomic
changes, infrastructure changes)?
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* Need for an updated, common
language (e.g., definition of extreme
events)

 Need vetted, standardized, and
accessible climate and risk data

* Need to translate climate science
into investment planning at

investment time-scales
¢ « Smaller utilities may require technical gf’
e assistance for the application of g
/I\ climate science PNNL and Seattle City Light hosted a 3-day
workshop in Nov. 2022 that brought together

y C”mate'drive_n decisions mU_St involve utilities, labs, academia, and policy makers to
the community and be equitable discuss grid resilience challenges
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OSTP released a four-step process for
selecting climate information to use in
assessments of climate risks and resulting

effects: SELECTING

1. Understand current exposure to climate CLIMATE
hazards... INFORMATION TO

2. Select climate scenarios for your USE IN CLIMATE
assessment and decide whether downscaled RISK AND IMPACT
data are relevant ASSESSMENTS

3. Identify effects from other future climate- GUIDE FOR FEDERAL AGESCY CLMATE
related hazards and stressors to assess

— 4. Select climate information resource(s) to use e
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Definitions
 EO 13653 (Preparing the US for the Impacts

of Climate Change): The ability to
anticipate, prepare for, and adapt to
changing conditions and withstand,
respond to, and recover rapidly from
disruptions.

FERC: The ability to withstand and reduce
the magnitude and/or duration of disruptive
events, which includes the capability to
anticipate, absorb, adapt to, and/or rapidly
recover from such event.

DOE: The ability of a power system and its
components to withstand and adapt to
disruptions and rapidly recover from them.

System

What is climate resilience?

Performance

Time
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CLIMATE

CHANGE

_ _ Earth System models
Global - 3% ; represent key atmospheric,
(@ )  Climate N land, ocean, and

S:0c: Models ‘ " cryosphere processes.

. - : These models, such as the
Statistical l Dynamic » : 4 - Energy Exascale Earth

Downscale J Downscale . = System Model (E3SM),
' . are used to understand

changes in weather

— ' ¥ 4 ' X '-; g
ﬁ i Regional : vy Ny gt !
/_ E Cli%ate Data _ P . = patterns and variables (e.g.,

temperature, precipitation).

f _ - - ' 4 ALY AR ‘] This includes changes to
_ ‘ ’ o =%5=-. W atmospheric rivers that
- 4 - -l impactflooding and
N - : drought conditions.

Graphic credit: Caldwell et al. (2021)
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CLIMATE

CHANGE

Climate

N—¢@ Global
;:c),\: Models

3

~—

Downscale

Statistical Dynamic
Downscale J Dow

/ ~ \ Regional
/E:i;i \' Climate Data

Q

EXTREMES

{ﬁ? LOCAL- SCALE

Water
& Land
Resource
Models

Regional climate models, such as Weather Research and

Forecasting (WRF), are being used in support of DOE SC

(HyperFACETS/IM3) to understand the impact of extreme

temperature change on human systems, including electric power.

These findings are important in the design of resilient energy systems.
Graphic credit: Jones et al. (In prep)
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CLIMATE
CHANGE

( @ ) Climate

§V:6: Models

LOCAL- SCALE
EXTREMES

Statistical Dynamic

Downscale Downscale

/ ~ \ Regional
/E:i;i \' Climate Data

Water
& Land
Resource
Models

Framework connecting climate risks with
infrastructure resilience

STATES

TC Track Intensity

Fully dynamical models provide insight to changes in tropical cyclone
behavior but are expensive. Alternative approaches that combine
dynamics and Al/ML, such as the Risk Analysis Framework for
Tropical cyclones (RAFT) are being used to develop large
ensembles and project future changes in hurricane intensification,

precipitation. These same tools can be used to support resilient
infrastructure engineering design.

Graphic credit: Xu et al. (In prep)
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CLIMATE
CHANGE

( @ ) Climate
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Water
& Land
Resource
Models

Understanding long-term availability of wind, solar, and water
resources is critical for the design of resilient decarbonized energy
systems. Researchers uses regional to local scale water resource

models (VIC, DHSVM, MOSART, WM) in support of DOE SC, EERE,
and utilities to characterize the long-term availability of water for hydro
and thermo-electric generation.
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CHANGE

EXTREMES

A CLIMATE @ {ﬂ\? LOCAL- SCALE

N—( Global

( @ ) Climate
§v::o:: Models

Water

Statistical Dynamic & Land
Downscale 1 Downscale Resource

Models

/ ~ \ Regional
/E:i;i \' Climate Data

New research has led to the development of machine learning
approaches to identify predictors of long-term wildfire potential for
DOE SC. Tools such as the Rapid Analytics for Disaster
Response-Fire (RADR-Fire) tool suite use Al/ML combined with

remote sensing observations to monitor active wildfire behavior (DOE,
DOD) and develop seasonal utility fire risk management plans.



7

Pacific

Northwest

NATIONAL LABORATORY

CLI

MATE

CHANGE

(&9)

L3N]
- -
"-_-—'oO\
[}

Climate
Models

Framework connecting climate risks with
infrastructure resilience

LOCAL- SCALE
EXTREMES

Statistical

Downscal

Dynamic
e Downscale

Regional
Climate Data

Water
& Land
Resource
Models

PNNL has developed the Rapid Infrastructure Flood Tool (RIFT),
used to support federal (DHS, FEMA), state, and local stakeholders
plan, respond, and recover from major hurricane events.

RIFT is also used to support DOE SC to understand future flood risk

in coastal environments.
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RESILIENCE

STATE

ffrgl\ INFRASTRUCTURE
0 Puerto Rico: Hurricane Maria Select a timestamp: 2017-09-20712:00:00 SYSTEMS

Total Assets 48108
Egg IAS —IIIGD\ @

—Fragility—
—Sensitivity—
—Vulnerability—

Total Interval Assets Affected 2827

Average Interval Wind Speed 93

$§ Map Layers -
#

Assets Color Coding ey

18.2056836

Infrastructure Models

/
\ PNNL has developed the Electrical Grid Resilience and
\}.—-— Assessment System (EGRASS), a decision support tool that
h\ identifies and evaluates critical grid assets at risk of failure.
.

EGRASS is based on the Dynamic Contingency Analysis Tool
(DCAT) and has been used to support Puerto Rico recovery efforts.
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* Direct access to models and
data developed at PNNL

= Represents research
products developed working
across the federal
government in fundamental
and applied research
programs

* Many topical categories
spanning climate, local
scale extremes, and human
system datasets

* Future extensions to add
guidance on model and
data usage

https://climate.pnnl.gov

cccccc

PNNL Climate Research Portal

This portal gives you direct access to PNNLs cutting-edge climate science research, including
datasets, models, and publications. Our research spans fundamental scientific breakthroughs to
practical applications, aimed at understanding climate risks and enhancing resilience across

various interconnected sectors, including energy, water, and agriculture. u

ALL CLIMATE HYDROLOGY WATER MANAGEMENT HYDROPOWER DROUGHT FLOODING WILDFIRE STORMS ENERGY DEMAND MULTISECTORAL AG & LAND USE

CLIMATE

Western U.S. Climate
Simulations

Regional climate simulations for

1980-2020 driven by reanalysis and
five future projections using a

thermodynamic global warming...

U.S. Climate Simulations -
Thermodynamic Global...

27st century climate scenarios for the
contiguous U.S. (CONUS), where past

events are replayed under four
scenarios of future warming...

Go to Dataset

Go to Dataset

Contact Contact

More Info

More Info

CAM-MPAS

Cimae L oas

A global atmosphere model based on
the Model for Prediction Across
Scales (MPAS) coupled with the

Commiinitv Atmosnhere Maodel (CA

Bias Adjustment and
Statistical Downscaling...

Comae L oss

An in-house ability to run the impacts
community's standard bias-correction

anfhurara

19
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B¢ )Ml rH: WHITE HOUSE

100% Net-
carbon pollution- Ze ro

free electricity by emissions no later than

2035 2050

21
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Consequences

Vulnerability

Threat
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Threat

Vulnerability

Consequences

CLIMATE
CHANGE
=20 Global PNNL has developed the
(@) Climate , = sl Global Change Analysis
¥ —"0" Models 7 - ' a— A Model (GCAM) to support
Statistical l S WL *:' b Py e "W DOE SC in understanding
------------------ . — . . dynamics between energy,
Downscale Downscale s [ . - o :
water, land, economy, and

- .=, - o - climate at global, regional,
//\ Regional Pt s 4 i B and state scales. GCAM
[E:i.;i3 Climate Data - e e i | supports EPA and DOE
e v Y @ i = EERE in the exploration
and impacts of
decarbonization policies.

Resource & Demand
Changes
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Consequences
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Threat
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Empowered Stakeholders Decarbonization Pathways

Transfer of methods, tools, /\ Whole economy decarbonization with
Economics

datasets, and use cases o o ‘ interactions across global markets

GGd?thEEEP Adoption

Decarbonization,
Environmental and
Energy Equity Platform

@PNNL

Social

\ _{
A% 0
o -JE i-?"
Resilience and Reliability = w Justice and Equity
Infrastructure and operations that are Environmental and energy equity
responsive to climate change impacts of decarbonization
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Current Policies: Clean Grid:

* Aclean grid by 2035 WECC WECC
requires a small 800
Increase in capacity,
but a drastic change

|n pOthO|IO o . geothermal
biomass CCS
¢ SOIar X 2 . biomass
nuclear
« Wind x 2+ B e

. refined liquids CCS
. refined liquids

Gas fully retired
Coal fully retired

N

o

o
1

[ ]
Capacity by Resource Type (GW)
i
(@]
o

Scenarios developed using the Global Change Analysis Model (GCAM)
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June 09, 2019 00:00 UTC

King County, WA

= 5500 f
< 5000}
=, 4500 |
T 4000 |
G 3500 |

June-09 June-17

«10* Los Angeles County, CA

—
0))

e
1

Load [MWHh]

65

e June-09 Ll Electricity loads projected using the

Total ELectricity Loads (TELL) model

WRF Temperature [°F]
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Current Power &=

Plants (2020)

Natural Gas
Solar PV f
[ Solar CSP ﬁ;ﬂ
B Geothermal .
Bl Hydro Y
B Nuclear Vz'
I Biomass ) 4’ Y7
e Wind ,‘g?v '
Offshore Wind D
B Coal
B Oil

/. J40 Communities

. € o 2l "" _,i .. < ~
L S
Bt Mé"'m

i e

Projected Power =
[z

v 2] "‘Z 5
Plants (2035) 3"‘&

ping projections capacity siting
considering equity

The Capacity Expansion Regional Feasibility
(CERF) model is funded by DOE’s Office of

% . é;{,,lﬂ’ Science, MultiSector Dynamics program area.
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Bonneville Power Authority California Independent System Operator

300 A

Duration

. 0-4 hours
4-8 hours
8-12 hours

200

. 12-16 hours
16-20 hours

100

Number of Droughts (1980-2019)

0_. L I [

R . 1 2 3 4 5 6 7 8 é1011 12 1 2 3 4 5 6 7 8 9 10 11 12
Month
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GODEEEP EQUITY DASHBOARD  Equity Impact Model 2= Data Observer @ More Information

Sl m i Please Note: At this time, data presented in the dashboard is illustrative only
Choose a Scenarioc Comparison + Victoria® i
| B |
Seattles v
Select one - -
Helena= e
Choose Aggregation Scale for Map (5]
b_- Portland=
Select one - Minneapolis=
Fierres
Choose U.S. State(s) Boise
Milwau
Select or type to search -
CHIC
Des Moines=

Choose U.S. County or Counties Salt L@iﬁ' Chevenne=

Select or type to search - DENVER- UNITED STATES

Sacramento= Saint Louis®
Choose a Definition of Vulnerable Populations S E Y
S5an Jose"
Select one -
Las Vegas=
Santa Fe" Oklahoma,

Choose Equity Metrics City Memphis=

Select one - LOS ANGELES*

Phoenixs
5San Diego® Dallas=
Choose Unit of Equity Metric iy Jackeon+
EL Leaflet | € OpenStrestMap contributors & CARTO

® Absolute Change () Relative Change
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* Climate-driven extreme events
continue to impact infrastructure
systems

 The US has set aggressive clean
energy goals to combat climate
change, introducing new
challenges in the context of
resilience

* Presents an opportunity to
Include new considerations in
climate resilience, such as
equitable energy transitions

* Researchers, utilities,
communities, and policy makers
must work together to reach
these goals
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Thank You

David Judi, Ph.D.

Division Director

EARTH SYSTEMS SCIENCE

Pacific Phone: (509) 372-6147

/ Northwest david.judi@pnnl.gov
MNATIONAL LABORATORY

: 902 Battelle Boulevard

p > \-;_' P.O. Box 999, MSIN K7-70

Richland, WA 99352
www.pnnl.gov
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GODEEEP
Modeling
Platform

<> New power plants
* Retired power plants
@ Existing power plants

e
(’,"'f. )

Topology

Grid Network

WA Census Block Scale
Jobs and income impacts

—

£5°28855838852
Mean 2-m Air Temperature [°F]

Hourly Grid Response

s« ElECtricity Demand Model *

M " ium

g
o

2019 Population [107

Grid Operations Model

BN [ota Gtserver i More informstion

wena Wobe: Al iy e, dein preserisd n S darhboess o fvereive aniy

Chocss m Sowneria Comparsan

Carpads 06 Ciaan Gra sosna i B wadsed. -
Cad A Saks ke M

Couny

Chooss LS. Staiss|

B, Cabariia, Colmeds. Wilo, Woniss. Mivede. -
Chooss U2, Gourly o Counbas

Apache Cramiy, AZ. Cochiss Coesly, A7, Coooning Cosag,
Chooss s Dafindicn of Vinembis Popuisions

aibira®) Goreesisn (CEST)

Choces Equity Makrics

W Gararmton Capaciy by Geneorns Type

Chaaas vl ol By kbwre
@ Abscite Charge ) Milslres Ghangs

O/ mo

=

Equity
Impacts
Analysis and
Visualization
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GODEEEP EQUITY DASHBOARD  Equity Impact Model E= Data Observer @ More Information
% Please Note: At this time, data presented in the dashboard is ilustrative only
: 11__” ; Fa ' Y - : A f -
g "- il .
1 it | .
_y 2
kA

l CO'UI'II}‘ - 1 Minngapaliss
J Fierres
- F‘.hww U.S. State(s) ‘ | Tribal Lands
GODEEEP Equit o ot o e
' B |77 Ja0 Census Tract
Choose U.S. County or Counties iE
Dashboard | Aot Goun, A2, Cois Couny. A2, Cocan Coury- il B
) » Gas
- s
Choose a Definition of Vulnerable Populations e L ') |y o Onshore :::
Loy ¢ R ® Solar

- Visualize impacts of oo | A B o e,
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across scales -
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Arizona 154 4
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|| Please Note: At this time, data presented in the dashboard is illustrative only ||

Choose a Scenario Comparison + VANCOUVER* H
Compare 2035 Clean Grid scenario to 2020 conditions - —

Choose Aggregation Scale for Map
County v

Choose U.S. State(s)

Arizona, California, Colorado, Idaho, Montana, Nevada, Ne ~ OB 7 e

% J40 Census Tract

Choose U.S. County or Counties

GEOID 41049970200
. Population: 2,926 !
i Energy Burden: 87 Percentile
- Housing Burden: 40 Percentile f ¢
'\_‘ Unemployment: 40 Percentile -

7

Plant Type
® Gas L
cody+( @ Offshore Wind

Apache County, AZ, Cochise County, AZ, Coconino County ¥

Choose a Definition of Vulnerable Populations T 5‘ 2 o Ok Wird
Justice40 Communities (CEJST) v Al ® Solar
SRR .
New C ity (G
Choose Equity Metrics lew Capacity (GW)
0.001-1 ;
New Generation Capacity by Generator Type v . ;ggg :§ ]
q I 3.000-8
Choose Unit of Equity Metric |M_| i I
100 mi OpenStreetMap contributors © CARTO

@® Absolute Change () Relative Change

Show 2020 Existing Power Plants
Go! »

Show 2020 Transmission Lines

n
o

Total New Generation Capacity (GW)

STATE Total New Plants  Total New Capacity (GW) n
Arizona 154 4
California 1385 23 o
Outside DAC Inside DAC
Colorado 442 7 Generator Location

‘ ldahn 178 2 B onshore Wind B0 galar B0 @as
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GODEEEP EQUITY DASHBOARD  Equity Impact Model ~ #= Data Observer € More Information
States Scenario Scale
California Compare 2035 Clean Grid scenario to Census Tract
2020 conditions
Show entries Search:
GEOID NAME STATE Scenario scale total_new_plants y total_plant_retirements total_ GW_new_plants total_GW_existing total_GW_retiring
1085 6027000800 Inyo County, CA California  mitigation tract 59 0 0.236 0.2794 0
1216 6029003304 Kern County, CA California  mitigation tract 55 0 1.782 2.9707 0
984 6019008200 Fresno County, CA California  mitigation tract 50 0 1.23 0.049 0
7540 6079012708 o Luis Obispo California  mitigation  tract 49 0 0.278 0.8357 0
County, CA
1293 6029005514 Kern County, CA California  mitigation tract 47 0 0.188 0.8331 0
1320 6029006500 Kern County, CA California  mitigation tract 47 0 0.188 0.8995 0
San Bernardino e Tt
6297 6071011602 California  mitigation tract 46 0 0.184 0.6366 0
County, CA
3727 6037901209 |oSAngelesCounty. . omia  mitigation  tract 45 0 0.18 0.4312 0

CA
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