Space Weather Observations
Summit

National Weather Service Perspective

Ajay Mehta, Acting Director
Office of Planning and Programming for Service Delivery

2024 NOAA e NASA Space Weather Observations (SWO) Summit



(SWORM) Commlttee
PROSWIFT §60601

34 Federal Departments, Agencies and Offices

Over 100 members

Co-Chairs

OSTP, Assistant Director of Space Policy
NOAA, Assistant Administrator for Weather Services
DHS, Assistant Director, National Risk Management Center

Objective 1l
Lead by: DHS & DOD
Enhance the Protection of National
Security, Homeland Security, and
Commercial Assets and Operations
against the Effects of Space
Weather

Objective ll
Lead by: NOAA & NASA
Develop and Disseminate Accurate
and Timely Space Weather
Characterization and Forecasts

Objective lll
Lead by: FEMA & NOAA
Establish Plans and Procedures for
Responding to and Recovering from
Space Weather Events




NWS responding to the new
Implementation Plan (IP)

« Released Dec 2023 by
the National Space
Council

« 93 Total Actions
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Presenter
Presentation Notes
National Space Council chaired by the Vice President announced release of SWORM Implementation Plan in December 2023

I want to acknowledge my fellow SWORM co-chairs Jinni Meehan (should be present) and Mona Harrington (not present). And to the SWORM team in whole, many of you who are here today. 

I appreciate more so than ever before that this is a whole-of- community approach thanks in large part to the input from the private sector through the SWAG report.

SWAG members and SWAG Chair shout out: Dr. Tammy Dickinson. SWAG presented user needs survey findings and recommendations yesterday (Tuesday April 16 at SWW), and we’re looking forward to the release of the report forthcoming this summer.



NOAA'’s Six Critical Societal Challenges

1. Extreme Events and Cascading Hazards

Coastal Resilience

Weather, Water, and
Climate Strategy

The Changing Ocean

Water Availability, Quality, and Risk
Effects of Space Weather

Moni i R Modeli

mﬂi?zg Safeguard communication systems

Q - E o ) Space Weather Threat and Mitigation Education

o < 8“,_) New region-specific space weather products and services
=3 | Space traffic coordination/Nascent space economy
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Presentation Notes
As defined by legislation (PROSWIFT Act) NOAA is responsible for monitoring, forecasting, data archiving, and research to support operations. 
In NOAA’s 2023-2027 Weather, Water, and Climate strategy, space weather takes priority alongside other well recognized challenges to include extreme events such as water availability and climate change. 



Impact Decision
Support Services (IDSS)

e Serve Decision Makers

e Communicate risk-based/probabilistic
information

high-impact products and services

Enable new, innovative, sustainable, and

tATH
\ &,

Space Weather
Prediction Testbed

e Accelerate the transition of advanced

cutting-edge capabilities into our
operations.

Fast-track space weather Enterprise

innovations and technology

R202R Agreement with NOAA, NASA,

NSF, Dept of Air Force

Social, Behavioral, and Economic Science

Understand societal needs to design products and services that attain the desired response to high impact events
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Presentation Notes
NWS is shifting to an impact-based decision support services approach. IDSS are forecast details and interpretative services the NWS provides to help core partners make decisions when weather and space weather impacts the lives and livelihoods of the American people.
The Testbed will be key to integrating the great work by many in this room into the operational environment.

And we are integrating our social and behavioral scientists in the space scales revision project to ensure clear communication and actionable information to our end-users across the Nation. 



"

Space Weather Prediction Center

The official source of space weather decision support
services, forecasts, watches, and warnings, and alerts for the United States

“Safeguarding Society with Actionable
Space Weather Information”
@ G5 Conditions Observed

WHAT: First Observe d G5 Since October 2003
KEY MESSAGES: EXTREME (G5) conditions reached Earth at 6:54 pm

EDT. Geomagnetic storming is likely to persist through the weekend

as several additional Earth-directed Coronal Mass Ejections (CMEs)
are in transit.

IMPACTS: HF/VHF/UHF communications, GPS, power grids,

spacecraft, satellite navigation, and other technologi

-

e ==t

ccccccc

Image Credit: USA Today

www.SpaceWeather.gov
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e Interagency Agreement between i

e Meet Agency PROSWIFT Act Obligations

e To encourage and support
interagency collaboration

e Advance the Nation’s space
weather R202R capabillities

NSW-SAP IP Action 2.7.2

Agencies sign agreement to collaborate on space

Dept of Air Force, NSF, NASA, and NOAA [zt

e December 2023
;f@@ A )
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News story links: Spacenews NO
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Presentation Notes
We can’t do it alone. The NWS has a responsibility and is committed to implementing key actions laid out in the SWORM Strategy and Action Plan .

And I’d like to discuss some of those key actions that highlight the importance of a whole of government approach (Quad MOA) as well as a whole of community approach to ensure success in our objectives, especially when it comes to R2O2R 

Success of any testbed in the weather service depends on collaboration between public and private sectors, and I’m pleased to announce that the buildout of the space weather testbed has begun with a completion date target of this July!

The testbed will bring together forecasters, researchers, and end-users working together to ensure the services that this community develops will enhance decision making for the end-user community. 


https://spacenews.com/agencies-sign-agreement-to-collaborate-on-space-weather-activities/
https://www.noaa.gov/stories/new-path-for-space-weather-collaboration-among-federal-agencies
https://www.nasa.gov/image-article/nasa-signs-memorandum-of-agreement-for-space-weather/

Space Weather Prediction Testbed (SWPT)

e A key component of the formal R202R Framework
e Demonstrated initial success in testbed exercises with
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Presentation Notes
We can’t do it alone. The NWS has a responsibility and is committed to implementing key actions laid out in the SWORM Strategy and Action Plan .

And I’d like to discuss some of those key actions that highlight the importance of a whole of government approach (Quad MOA) as well as a whole of community approach to ensure success in our objectives, especially when it comes to R2O2R 

Success of any testbed in the weather service depends on collaboration between public and private sectors, and I’m pleased to announce that the buildout of the space weather testbed has begun with a completion date target of this July!

The testbed will bring together forecasters, researchers, and end-users working together to ensure the services that this community develops will enhance decision making for the end-user community. 



3 d , o L
-" . § ! ™ 5 AW AR
o £y R St N ‘
. g Na_‘ : B '?.ll .’ 5
L £X 4 P ol . ! 4
. g "T""\ 5 II e & . % el " '

mmunication Effectiveness

e Engage international partners to ensure space weather products
and services are globally coordinated and consistent, as
appropriate, during extreme events (Actions 2.10.1-2.10.3)

e Improve public awareness, education, and engagement regarding
space weather and its effects. Develop a strategy to promote societal
awareness of space weather (Action 3.2.1-3.2.2)

e Improve the effectiveness of space weather event notifications
(NSW-SAP IP Actions 2.9.1-2.9.4)

2024 NOAA e NASA Space Weather Observations (SWO) Summit
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Presentation Notes
SWAG has done a great job on collecting user needs. To improve the lead time, accuracy, and uncertainty requirements for forecasts and warnings will require close collaboration across government research agencies, academia, and industry. 

Space weather is a global threat requiring a coordinated global response. We live in a global economy - what happens in any nation or continent can quickly have rippling effects around the world. It is critical that we have defined and consistent messaging in preparation for and during a space weather event.

While we are seeing increased awareness of space weather, the vast majority of citizens are unaware of space weather, or worse, misunderstand it and what it can affect. We will embark on a concerted effort to bring awareness of space weather to the general public to help eliminate confusion and misinformation during outbreaks. 

 




Refine strategic messaging and communications
for an impending extreme space weather event to ensure the
U.S. government is prepared and speaks with one voice

e Draft National Weather Service Instruction on

Notification Procedures for significant space
weather events

o Consistent with FEMA Conops
o Final review underway
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Department of Commerce » National Oceanic & Atmospheric Administration « National Weather
Service

NATIONAL WEATHER SERVICE INSTRUCTION 10-1103
May XX, 2024

Operations and Services

Space Weather Services, NWSPD 10-11

NOTIFICATION PROCEDURE DURING A SIGNIFICANT SPACE WEATHER EVENY

NOTICE: This publication 1s available at: http:/www nws.noaa.gov/directives

OPR: W/AFS24 (A Macpherson) Certified by: W/AFS (B. Entwistle)
Type of Issuance: Initial Issuance

SUMMARY OF REVISIONS: This is the initial issuance of NWS Instruction 10-1103,
Notification Procedure Regarding a Significant Space Weather Event. The purpose of this
directive 1s to describe the roles and responsibilities of the National Weather Ser

i inform develo pment of SOP for White House T
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National
D rt t : NOAA /
anedpg\grennecri]ez Operations NWS Congress

Centers Leadership

NGO

International

Infrastructure : :
Public Partners & Media
Operators Providers
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US National Space Weather Exercise

Exercised federal response, recovery, and operations plans and
procedures for space weather events

« First Federal and Regional/State Government exercise on 8-9 May 2024

* Included NOAA, NASA, FEMA, Dep. of Energy, Defense, State, Homeland Security, and more

* Much more still needs to be done to fully engage emergency planners at state and local levels

« Explored many challenges including information sharing; astronaut safety; degraded
communications, navigation, and power services; and briefly touch on national security concerns

‘Geomagnetic storms induce current

Module 0 Module 1 Module 2 Module 4

Introduction to
Space Weather

SPACE
" WEATHER
ot IMPACTS

Other relevant
educational and
awareness sessions
for Senior Leaders

<<<<<

Solar drivers Radiation Storm Extreme geomagnetic
Geomagnetic storm storm

Response and recovery

Scenario
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NSW-SAP IP Action 2.9.3

© KNOSH,
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Space Weather Scales

Update and expand, as appropriate,
the NOAA space weather scales

Unchanged since 1999, Scales are used worldwide to initiate hazard

preparedness and mitigation operations
Space weather capabilities, user base, and
user needs have grown and changed
dramatically over the last 25 years

Major 2+ year project to update the scales
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NOAA Space Weather Scales
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Category Effect Physical Average Frequency
measure (1 cycle = 11 years)
Scale | Descriptor Duration of event will influence severity of effects
° Kp values* Number of storm events
Geomagnetic Storms Qccrmined | when v was et
every 3 hours (number of storm days)
: widespread voltage control problems and protective system problems can occur, some grid Kp=9 4 per cycle
systems may experience complete collapse or black T may i damage. (4 days per cycle)
it i ive surface charging, problems with orientation, uplink/downlink
G 5 | Extreme and tracking satellites.
: pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be
impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency radio
navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas (typically 40°
etic lat.).**
Power systems: possible widespread voltage control problems and some protective systems will mistakenly trip Kp=8 100 per cycle
out key assets from the grid. (60 days per cycle)
i may i surface charging and tracking problems, corrections may be needed for
G 4 |Severe | orientation problems.
Other systems: induced pipeline currents affect preventive measures, HF radio propagation sporadic, satellite
navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and northern California (typically 45° geomagnetic lat.).**
Power systems: voltage corrections may be required, false alarms triggered on some protection devices. Kp=7 200 per cycle
Spacecraft operations: surface charging may occur on satellite components, drag may increase on low-Earth-orbit (130 days per cycle)
G 3 Strong satellites, and corrections may be needed for orientation problems.
Other systems: intermittent satellite navigation and 1 q radio navigation problems may occur, HF
radio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50° geomagnetic
lat.).**
Power systems: high-latitude power systems may experience voltage alarms, long-duration storms may cause Kp=6 600 per cycle
transformer damage. (360 days per cycle)
G 2 | Moderate Spacecraft operations: corrective actions to orientation may be required by ground control; possible changes in
drag affect orbit predictions.
Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New York
and Idaho (typically 55° geomagnetic lat.).**
: weak power grid fluctuations can occur. Kp=5 1700 per cycle
G 1 Minor Spacecraft operations: minor impact on satellite operations possible. (900 days per cycle)
Other systems: migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine).**
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G5 Geomagnetic Storm on 10-11 May, 2024

G5 Geomagnetic Storm on 1-2 Sep, 1859 (Carrington)
e Both storm categorized as G5, but differ greatly in intensity
e May 2024 G5 not a superstorm, Carrington very much was!

Solar Flare Radio Blackout on 14 Dec 2023 - R3
A Focuses on HF degradation but misses VHF

2024 NOAA ¢ NASA Space Weather Observations (SWO) Summit 39
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I bservatlon Capabllltles The backbone of all spaceweatherserwces
N eE 7R -

; DSCOVR -
| GONG — NSF/NSO NOAA GOES — NOAA

. NOAA now supporting GOES U - NRL

i ll I
&M{ operations Coronagraph in 2024 ———

Ground-based
Magnetometers — USGS
Critical input to SWPC'’s
geomagnetic storm products

Solar Dynamics
CRITICAL Observatory — NASA

OBSERVATIONS Advanced Composition
FOR Explorer — NASA

OPERATIONS

Neutron Monitors —
NSF and Academia

Solar & Heliospheric
Observatory mission
(SOHO) — NASA-ESA

e Solar Electro-
Optical Network
el (SEON) — USAF

Space Weather Follow-On
(Future) — NOAA
Vigil L5 (Future) — Rideshare to L1 with

ESA (TBD) NASA’s IMAP in 2025
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Presentation Notes
Space weather observations are the backbone of forecast and warning capabilities and we depend on partnerships to make it happen 


BACKGROUND: 
To achieve a robust operational program for space-weather observations, NOAA and its partners has established a foundational set of observations that includes contributions from Federal, private sector, and international partners. 
And some exciting new missions to highlight:
SWFO L1 will ride on NASA’s Interstellar Mapping and Acceleration Probe (IMAP) in 2025, ensuring the continuity of critical solar wind observations. SWFO L1 will also include an NRL compact coronagraph.  

An NRL compact coronagraph is also planned for GOES-U with a launch date also in 2024. These two coronagraphs will ensure we have the critical CME imagery needed in our forecast centers following 27 years of service from the dependable LASCO coronagraph on SOHO.

And we are excited for the prospect of having our European Space Agency colleagues launch the Vigil mission to L5. L5 will provide advance knowledge of active regions on the Sun as they rotate into view, and it is an ideal location for monitoring CMEs from the ‘side’. Combined L5 and L1 measurements will ensure better estimates of CME speed and direction, thus improving geomagnetic storm warnings.
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CE WEATHER READY NATION

Requires critical public-private collaborations between the Federal
Government, Industry, Academia, and International Partners

People As Top
Priority—Always!

Improve Our
Infrastructure to be
Resilient and

Reliable
The Outcome
T,\:‘a,\?SSftorm thte % R The Protection of
O mee %, .
Current and Future % Commercial < Life and Property and

the Enhancement of
the National Economy

Needs of Society
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Presentation Notes
You got this! Speak to the slide.






