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Seasonal Temperature Outlook

Valid: Dec-Jan-Feb 2024-25
Issued: November 21, 2024
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Seasonal Precipitation Outlook

Valid: Dec-Jan-Feb 2024-25
Issued: November 21, 2024
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Nino 3.4 SST Anomaly (°C)
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Model Predictions of ENSO from Nov 2024
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Official NOAA CPC ENSO Probabilities (issued December 2024)

based on -0.5°/4+0.5°C thresholds in ERSSTv5 Nino-3.4 index

B La Nina
90 - 1 Neutral
I El Nino

100

80

70 1

60 -

50 -

40

Percent Chance (%)

30 -

20 -

10 1

ND] JFM FMA  MAM  AM] M) JA JAS
Season



Wintertime La Niha pattern NOAA Climate.gov



Seasonal Temperature Outlook

Valid: Dec-Jan-Feb 2024-25
Issued: November 21, 2024
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Seasonal Precipitation Outlook

Valid: Dec-Jan-Feb 2024-25
Issued: November 21, 2024
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U' S' Season al D r Oug h t OUtI OOk Valid for December 1, 2024 - February 28, 2025
Drought Tendency During the Valid Period Released November 30, 2024

Consistency adjustment
based on Monthly

Drought Outlook for

December 2024

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

Drought remains,
but improves

. Drought removal likely

Author;:
Adam Hartman
NOAA/NWS/NCEP Climate Prediction Center

Drought development likely
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Arctic Oscillation

Positive Arctic Negative Arctic
Oscillation Oscillation

strong jet
stream ¢

weak jet
stream

>
7
- warm air
moves
Air pressure and winds north

around the Arctic switch between
these two phases (Arctic Oscillation)
and contribute to winter weather patterns.
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NAO TEMPERATURE PATTERNS
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Jan-Mar 2010 (left) Difference from average temperature (°C) NOAA Climate.gov
Jan-Mar 1990 (right) Data: NCEP/NCAR
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cpc.ncep.noaa.gov

National Weather Service

Climate Prediction Cent

Home
NOAA

Site Map

DOC NWS NCEP Centers:

Search the CPC

] G0l

NCEP Quarterly
Newsletter

Climate News

* La Nifia conditions are most likely
chance), with a transition to ENSO
chance) (12 Dec 2024)

e NOAA Issues Winter Outlook (17 C

« Announcing the 49th Annual CPDV
2025 / Lincoln, NE (1 Oct 2024)

Climate-Weather
El Nifio/La Niia
MJO

AAO, AO, NAO, PN&

Global Monsoons

‘ Click on product title to go to product page. Move cursor over product paral

cpc.ncep.noaa.gov

A0, A0, NAO, PliA

On February 16, 2023, several updates were made to the CPC Monthly Teleconnections
products. The updates primarily include changes to filenames and formats. The graphics quality
have also been improved. Learn more »

On March 3, 2022, several updates were made to the CPC Daily Teleconnections products. While
the methodology used to calculate the teleconnection indices is unchanged, the statistics
displayed in these graphics have changed slightly due to script updates and the utilization of the
full ensemble size. Furthermore, filenames and formats have been updated and graphics quality
has been improved. Learn more »

AO (Arctic Oscillation)

NAO (North Atlantic Oscillation)

PNA (Pacific-North American Pattern)
AAO (Antarctic Oscillation)

Archive of Daily Indices
Monthly Teleconnection Indices

Click on product title to go to product page. Move cursor over product parameter na -- click to

enlarge. Links to these same products are also available below.

AAO
Ensemble Mean Outlooks

GFS Qutlooks GFS Outlooks Ensemble Mean Outloc'~<

AO
Ensemble Mean Outlooks

GFS Qutlooks Ensemble Mean Outlooks GFS Outlooks
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AO Index: Observed & GEFS Forecasts

1000mb Z (Obs: 15Aug2024 - 12Dec2024) mean=0.1476
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NAO Index: Observed & GEFS Forecasts

500mb Z (Obs: 15Aug2024 - 12Dec2024) mean=-0.2357

o = N W &
L

—— ST ~
DR AV AR Vads

:
01 Sep

T T T T T T T
15 Aug 15 Sep 01 Oct 15 Oct 01 Nov 15 Nov 01 Dec 15 Dec

500mb Z (7 day Forecast) mean=-0.315; cor(w/obs)=0.951

T T T T T T T T
01 Sep 15 Sep 01 Oct 15 Oct 01 Nov 15 Nov 01 Dec 15 Dec

500mb Z (10 day Forecast) mean=-0.2782; cor(w/obs)=0.87

\_/\-1_/ —

e
e N o~

_; ~ ""-—x/\w N \’\W/ \: S

15 Aug

T T T T T T T T
01 Sep 15 Sep 01 Oct 15 Oct 01 Nov 15 Nov 01 Dec 15 Dec

500mb Z (14 day Forecast) mean=-0.2346; cor(w/obs)=0.743

4
3
2
L TN — L T
1] o N\ A NN ISR /Mi/\ IS ™~
. <\ o~ A\
-1 4 - /—‘\\ /-\\_/—\ -//\\/*m__
|- » s -
5 N —L/\/,,___f__ P \_/\_/ \//\/-&
_34
-4 ‘ ‘ . . ‘ ‘ . .
15 Aug 01 Sep 15 Sep 01 Oct 15 Oct 01 Nov 15 Nov 01 Dec 15 Dec



FAVIE 62NR 2F Ol d

Ad[ AOS o0& UKS Y2RSt X RA
ABe extremely wary of model output motkan 5
days2 dz( X

I Use ensemble models (many runs producing a range
of possible outcomes) more than 3 to 5 days out

I Only use deterministic models (single solutions of
single runs) within a few days to refine details



Questions?

www.gema.ga.gov (404) 635-7000 @GeorgiaEMA



U.S. Natural Gas Market
Fundamentals and Outlook

Natural Gas Readiness Forum | December 16, 2024
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Vice President, Energy Markets, Analysis, and Standards



Notice

In issuing and making this publication available, AGA is not undertaking to render
professional or other services for or on behalf of any person or entity. Nor is AGA
undertaking to ﬁ_erform any duty owed by any person or entity to someone else.
Anyone using this document should rely on his or her own independent judgment
or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstances. The statements in this
publication are for general information and represent an unaudited compilation of
statistical information that could contain coding or processing errors. AGA makes
no warranties, express or implied, nor representations about the accuracy of the
iInformation in the publication or its appropriateness for any given purpose or
situation. This publication shall not be construed as including, advice, guidance, or
recommendations to take, or not to take, any actions or decisions re%ardmg an
matter, including without limitation relating to investments or the Eurc ase or sale of
any securities, shares or other assets of any kind. Should you take any such action
or decision; you do so at your own risk. Information on the topics covered by this

publication may be available from other sources, which the user may wish to
consult for additional views or information not covered by this publication.



State of Play

Growing Demand
/’ Industrial reshoring, growing electric power requirements, and new consumers
‘\o Lower Prices
Return to historical natural gas pricing trends

b Exports poised to climb

New LNG export terminals and infrastructure to serve them

Readiness
Gas industry planning and preparedness for the winter heating season
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Average and peak demand growth continues to grow

U.S. Monthly Natural Gas Consumption, incl. Exports

Bcf per Month Source: S&P
Global
—— Monthly Demand Commodity
—— Annual Average Insights
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monthly records and an
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$
2008 2012 2016 2020 2024 AN VAN

American Gas
Source: S&P Global Commodity Insights, ©2024 by S&P Global Inc., Chart: American Gas Association Association



Storage inventories remain above the five-year average even as

storage injections slowed this summer

U.S. Working Gas in Underground Storage Compared with the Five-Year Minimum and Maximum

Billion cubic feet . _
Current Working Inventories: 3,413 BCF

Net Change, Week Ending Dec 27, 2024: -116 BCF
Weekly 5-Year Avg Change: - 104 BCF
Change from the 5-Year Avg: 4.7%
Change from Last Year: -1.9%
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Natural gas demand is outpacing supply growth year to date

given strong storage inventories and relatively low prices.

U.S. Lower 48 Supply and Demand, Year over Year Change
Year to Date through Dec 11, 2024
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NOAA forecasted 2024-2025 winter temperatures expected

to be 5% colder than last year

: *Natural GasHouseholds HistoricalB2o
U.S HeatingDegreeDays Higher HDD Than Nationaerage
NovemberMarch

3,300 Expectedb%colder

from lastwinter
3,200
3,100 /
3,000
2,900

1920 20-21 21-'22 22-'23 2324 24-'25

EIA Winter Fuels Outlook 2024-2025, Oct 8,2024 s

*Based on NOAA Utility Weighted HDD Data versus Population WeightedAverages AGA

American Gas Association




Last winter (2023-2024) was generally warmer than

normal with short-term cold events.

U.S. Gas-Weighted Heating Degree Days, Winter 2023-2024
Weekly Change from 30-Year Normal
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The regional degree day statistics are weighted by gas home heating customers instead of by population.
A heating degree day measures the coldness of the weather, based on the extent to which the daily mean temperature falls below 65 degrees

Fahrenheit. A daily mean temperature represents the sum of the high and low readings divided by two. AGA

Source: U.S. Department of Commerce, National Oceanic and Atmospheric Administration American Gas Association




U.S. natural gas demand set a new daily record during

Winter Storm Heather (Jan 2024)

Total U.S. Natural Gas Demand, Lower-48

(Bcf per day)
All-Time High: 176.8 Bcf on
180 ﬁn 16, 2024
— 2024
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Natural Gas remains the leading fuel source for electricity generation

Monthly U.S. Electricity Generation by Top Energy Sources
Billion kilowatthours (BkWh)

—— Natural Gas =— Coal =— Nuclear = -Renewables

Record month: July 2024
Record peak: Aug. 2, 2024

2020 2021 2022 2023 2024 2025

Subject to revision
Chart: American Gas Association * Source: EIA November 2024 Short-Term Energy Outlook « Created with Datawrapper



LNG export demand expected to grow as new facilities come online

Monthly U.S. Gross Natural Gas Exports

Billion cubic feet per day (Bcf/d) LNG exports

— LNG — Pipeline expected to average

13.8 Bef/d in 2025
18

Pipeline exports
expected to average
9.6 Bcf/d in 2025

0
U

Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct
20 21 22 23 24 25

Subject to revision

Chart: American Gas Association * Source: EIA November 2024 Short-Term Energy Outlook * Created with Datawrapper



New pipeline projects under construction or planned will

support growing demand

North American Natural Gas Pipeline Capacity Expansions by End Region
Billion Cubic Feet per Day

End Region
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Source: S&P Global Commodity Insights, ©2024 by S&P Global Inc., Chart: American Gas Association
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New pipeline projects under construction or planned will

support an evolving market

U.S. Lower 48 Working Gas Storage Capacity Changes by Field Type
Capacity, Billion Cubic Feet
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Field Type
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Demand growth is expected to exceed supply in 2024 & 2025

Natural GasBalancegBcfper Day) Forecast
2022 2023 2024 2025
Dry GasProduction 99.6 1038 1032 1037
LNGNet Exports 10.5 119 119 13.6
PipelineNet Exports 0.1 0.9 0.9 1.7
Total Consumption 88.5 89.1 90.5 90.2
Dec. WorkingGaslinventories(Bcf) 2,925 3,457 3,371 3,160
Net Inventory Change -0.8 1.5 -0.2 -0.6

Short-Term
Energy
Outlook,
Energy
Information
Administration

December
2024

AG‘%

American Gas
Association



Average Henry Hub spot prices expected to soften in

2024, projected to increase 34% in 2025

Monthly Henry Hub natural gas spot price (Jan 2020-Dec 2025)
Dollars per MMBtu
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Data: U.S. Energy Information Administration, Short-Term Energy Outlook, December 2024, Chart: American Gas Association



Gas Utllity Planning and
Readiness



The natural gas system delivered 3.3 times as much domestic energy last

winter compared with the electric grid during peak conditions.

Peak Natural Gas Delivered and Electricity Daily Sales
Thousand GWh of Energy per Day

60
50
40
30
20

’ A N

Gas (Winter Peak Day) Electric (Summer Peak Day)
m 2020 m2021 m2022 m2023 m2024

)

*Natural gas volumes delivered for all end-use consumers were converted from MMBtuto

GWhfor comparison only and do not reflect natural gas use in generation. AGA

American Gas Association




Local gas utilities build and manage a portfolio of supply,

storage, and transportation services to meet requirements

Aggregate Peak Month Gas Supply

B Percent of Total Supply
[l Net Percentage Point Change from Prior Survey

Purchases moved via firm transportation

Pipeline or other storage

Citygate purchases for sales customers

LNG / Propane-air / SNG

Citygate supplies for transportation customers
Local production

Asset managed contracts

On-system underground storage

Purchases moved via interruptible transportation ]

Other I

AGA Winter Heating Season Performance Survey 2021-22 &2022-23
Note: 6 Ot ltagegody includes supply sources such as linepack, transporter imbalances, and off-systemdisplacement



Final Thoughts

A The natural gas market is set to be well -supplied headed into the
winter heating season. Gas utilities plan and prepare to meet their
obligations to consumers.

A Gas for electric power remains essential for meeting load growth and
peak requirements. Maintaining generation, fuel deliverability, and
Infrastructure is essential for reliability.

A The market may tighten into 2025, but the outlook will be sensitive to
production response.

A New infrastructure will be necessary to meet growing demand and
maintain price stability.
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

2024 -2025 Winter
Reliability Assessment

John Moura, Director, Reliability Assessment and Performance Analysis
National Natural Gas Readiness Forum Meeting
December 16, 2024

RELIABILITY ‘ RESILIENCE ‘ SECURITY




NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Rapidly Changing Resource
Mix

Extreme Weather
Complexities

Hyper Complex Risk Environment

Accelerating Demand Growth

Evolving Threat landscape




NERC Across an Interconnected System:

T e e T Less Resources Means More Reliance on Neighbors

2012 and 2022 Peak Capacity Resource 20242033 Risk Areas
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Similarities in Past Extreme Cold Weather Events

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

allures 1o arg, 1otal even rea: oy Cause
Event Event Event Event Event S g

Significant levels of incremental unplanned eviromelsatey o
electric generating unit losses with top causes '/ '/ / / '/ oy
found to be mechanical/electrical, freezing,

and fuel issues.

Freezing Issues
31%

Significant natural gas production decreases / / / | |
occurred, with some areas of the country more s SETAW tanis Sote
severely affected. o / ot o et
Shortrange forecasts of peak electricity / / / / —— i T
demands V\_IeI‘G less than actual demands for Inquiry into Bulk-Power System Operations During
some BAs In event area December 2022 Winter Storm Elliott
Unavallahle 200,000
Event Geographic Area Generation 150,000
(Mw) g
February 1-5, 2011 Texas and Southwest 14,702 § 100,000
January 68, 2014 (Polar Vortex) Midwest, South Central, East Coast 9,800
January 15-19, 2018 South Central 15,600 20,000 I I I
February 8-20, 2021 (Winter | Texas and South Central 65,622 0
Storm Uri) 2019 2020 2021 2022 2023
December 21-26, 2022 (Winter | Central, Midwest, large parts of 90,500 Figure 3.6: Natural-Gas-Fired Outages Due to Lack of Fuel
Storm Elliott) Southeast and Northeast RELIABILITY | RESILIENCE | SECURITY
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NERC Annual Winter Assessment Highlights

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Key Takeaways

AResources aradequateacross North
America forexpectedpeak conditions

AExtreme winter conditions pose familiar
challenges for bulk power system reliability
A High electricity demand and forecasting
challenges
A Generator performance

A Fuel supply issues

ARegulatory and industry initiatives are The WRA examines resource adequacy,

reducing winter reliability risks risk scenarios, and industry preparations
for the winter season

20242025 Winter Reliability Assessment
November 2024
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NORTH AMERICAN ELECTRIC
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Key Risk Elements During Extreme Winter Conditions

Results of WRA Probabilistic Analysis and Operational Risk Scenarios AMISO

L A 5 GW retirements
asKrower
§= ANPCENE & NY
Natural Gas Supply Risk A5 GW retirements

Forced Generator

Outages | Low CapacityReserves ASEREast
~ A 1 GW retirement
\\"Mgr:rﬁes
AT NPCC A SPP
b | AN v New England A 4 GW .
r, S _ retirement
Lowwind ik \'\\\\ N:\: (\:’grk
‘ s
O SERG Peak Demand
ks ANatural Gas Risk amplified
M High Risk during Extreme Weather
& Elegvated Risk dtgjring Extreme Weather by Cha”engeS tO deplOy
N Risk to Natural Gas Pipeline Capacity n eW Infrastru CtU re
2024 -2025 Winter Reliability Risk Map
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

wWinter demand increases exceeding 2% are seen in
most assessment areas

wHome heating, transportation systems, and new data
centers

wSolar resources do not provide output during many
hours when winter electricity demand is at its
highest.

wNew battery resources can extend the output from

Rising Winter Demand

*NPCC-Maritimes

*SPP

WECC-SW

MRO-Manitoba

*Texas RE-ERCOT

NPCC-New England
2% 4% 6%

Annual Increase in Peak Winter
Demand (3% or More) Since 2023

aZ2f I NJt+ FT2NJ AaK2NI RdzNI¥ 0A2 ‘\f"’ﬁ‘hﬂ'g“erg@“ﬁZﬁfOrCO’ﬁCWGWﬁ S NI

of darkness, cloud cover, and precipitation will push
0KS fAYAGA 2F G2RIFéQa ol G-

wWinter resource adequacy depends on dispatchable
generation, reliable fuel supplies, and firm transfer
agreements

§§§§§§8§8
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NERC

Natural Gas Is Essential

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

wGenerators that use natural gas as WECC-AB

primary fuel are the main winter SERC-Florida Peninsula

resource across the U.S. and in NPECHew vork

T WECC-CA/MX

Alberta WECC-SW

wln winter storm Elliott (2022) 26% P o B

of all generator outages were due SERC-Southeast

to fuel issues SPP

. . PIJM

wkFuel supply issues during extreme MISO

cold are a concern in MISO, SPP, SERC—Eentral

MRO-SaskPower

PJM, New England, and New York N

wRegional pipeline capacity faces SERC-East
limitations in the MidAtlantic to 30% 80%

New England

Natural Gas -fired Generation Capacity
In Winter (Percent of Total Capacity)
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NERC Reliability Initiatives Drive Improved Winter

e S L I R Performance
Requlatory Highlights Industry Initiatives
wReliability standards implemented in ~ wJanuary 2024 Arctic Storms resulted in
2023 require generator cold weather no loadloss events
plans and operator coordination wimproved generator performance
wRules in Texas respond to Winter Storm attributed to weatherization, early
Uri (2021) generator and fuel supply warning and unit commitment

ISsues

wFERC and NERC continue monitoring
winter storm report recommendations

wWNERC Generator Cold Weather
Preparedness and Constraint Data

50 RELIABILITY | RESILIENCE | SECURITY



NERC 2024 -2025 Winter Reliability Assessment

S LT Recommendations

wCold Weather Preparationg Operators should review seasonal operating plans,
communications protocols, and lesselesarned

wGenerator ReadinessGenerator Owners should complete winter readiness preparations,
deploy weatherization packages in advance of winter storms, and frequently cheewealder
mitigations

wFuelc Balancing Authorities (BA) should implement generator fuel surveys to monitor the
adequacy of fuel supplies

wLoad Forecasting BA should anticipate load forecasts uncertainty and be prepared to take e
action to manage potential reserve deficiencies

wState regulators and policy makerssupport environmental and transportation waivers when
requested to manage potential emergencies

wAddress gas/electric interfacehrough more gas infrastructure, increased information sharing,
appropriate marketobased incentives and consideration of accountability mechanisms

Public 51 RELIABILITY | RESILIENCE | SECURITY
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-Interstate Natural

Gas Pipeline

B Communications

Natural Gas Readiness Forum
December 17, 2024




Communication Protects the Pipeline System and Our Firm Customers.

Unterstate natural gas pipelinesA top priority
system while meeting commitments to firm transportation and storage customers

Communication advances this priority by promoting awareness and advanced planning.

Production i Processing 3 Transportation & Storage ] Distribution

4. h : __ Power plants
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Ahead of Event Preparation: Advance Communication

Pipelines proactively address known challenges and set expectations through stakeholder
coordination meetings and publicly posted critical notices.

2] 223 b
A Pipelines meet with RTOs, LDCs and interested
Bkl BN

\ A INGAA Voluntary Winter Preparation Survey.
Accountability in ensuring safe and reliable
\ operations through assessment of critical equipment.

A Pipelines monitor weather throughout the
year and typically will post weather
advisories or notices in advance of event.

***
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During an Event:

l Critical Notices

Publically posted notices to point
operators, shippers, and other interested
stakeholders:

A Inform of expected conditions on the
pipeline during a weather event

AReinforce the pipelineAs
shippers abide by the tariff and their
contracts.

A Should also prompt shippers to review
their supply, transportation arrangements.

A Indicate limited flexibility due to
anticipated high system utilization.

Issuing Notices & Monitoring

Monitoring Flows and Pressure

Increased monitoring of locations off rate
indicating potential of underperformance

A pipelineAs response to u
pipeline, system conditions, and quantity of the

underperformance.

expectations that
Pipes might post an underperformance notice based

on analysis of the circumstances.

End users must communicate with their suppliers
and/or marketers to understand how production
shortfalls affect them.

INGCAA



Pipelines Communicate 24 -7-365.

0o ®
T

A FERC has taken several steps to promote transparency and gas -electric
coordination:

A 18 C.F.R.88284.12, 13 requires regular, public posting of substantial
operational information.

A Order 698 requires communication procedures between pipes and generators
and pipes and RTOs/ISOs.

A Order 787 permits sharing of non -public, operational information between
pipes and RTOs/ISOs.

A FERC Regulations and NAESB Standards govern how interstate pipelines post
and deliver J3noticesj to shippers and th

A Notices can cover a variety of issues ranging from capacity constraints to
maintenance updates to pipeline conditions to weather.

APipelines must de sciitigahjatief a hneo tciocned i asi 0dn
notice affect scheduling or adversely affect scheduled gas flow.

A NAESB Standards dictate the form, content, and method of delivery (e.g.,
email, EDI) for these notices.

mc2la ¢



Recent Changes: Pipelines Propose New Standards for Public Postings.

NAESB convened a forum in 2024 to review and, as needed, modify its Business Practice Standards to
enhance situational awareness during extreme weather events.

Stakehol ders identified changes to pipelinesA noti ce

Pipelines proposed to

3 add geographic information (county, state, etc.) for
locations identified in critical notices; and

3 collect on a dedicated page scheduled quantity
information for power plants directly connected to

the pipeline

The proposal continues to move through the NAESB
and regulatory approval process.

INGCAA




