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“Safeguarding Society with Actionable Space Weather Information”

We are under the NWS and part of our mission
is protection of life & property



SWPC Forecast Operations (SWFO)



Important Core Partner with USAF and USSF

Work closely and collaboratively with the 557th Space 
Weather Operations Center

       SWPC even has an assigned USAF liaison officer: Maj Austin Gibbons



Images Credit:  nasa.gov

On average, 
every 11 years 
the Sun goes 
from quiet to 

active and back 
to more quiet. 

This is called the 
“Solar Cycle”.

Solar Maximums

Solar Minimums





Space Weather refers to the environmental conditions in Earth's magnetosphere, 
ionosphere and thermosphere due to the Sun and the solar wind that can influence the 
functioning and reliability of spaceborne and ground-based systems and services or 
endanger property or human health.
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The Only Way to See Space Weather
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Colors of the Aurora



Radio Blackouts (R-scale): as related to Solar Flares

Solar Radiation Storms (S-scale) : related to Solar Proton Events

Geomagnetic Storms (G-scale): as related to origin source
Coronal Mass Ejection (CME), Coronal Hole (CH)

Focus areas
(3 main activity types SWPC forecasts)

Impacts & Phenomena Based Forecasts

R 1
G 1

R 2
G 2

R 3
G 3

R 4
G 4

R 5
G 5

Solar Flare Alerts

Geomagnetic Storm Watches, Warnings, and Alerts

Solar Radiation Storm Warnings and Alerts



Human Spaceflight

Power Grid Operations

Extreme events can have 
potentially significant 

consequences. 

GNSS
(GPS)

Satellite Operations

Aircraft Operations
Rail

IMPACTS are Wide Ranging
Satellite Malfunctions; Surface Charging
               SATCOM Interference/Disruption; Satellite Drag

Radiation Exposure; Power Outages, 
    Communication Dropouts; GPS Degradations 



Operational Sun-to-Earth Modeling

Predict and 
understand 
regional 
geomagnetic 
response to 
solar wind 

Predict and 
understand links 
between the 
upper and lower 
atmosphere 
during space 
weather events

Characterize and 
predict the 
regional electric 
field and 
associated 
currents that 
impact electric 
power grids

Predict solar 
wind as it 
propagates from 
the Sun to Earth 

GMU/AFRL
WSA/Enlil

U. Michigan
Geospace

NOAA/CIRES
WAM-IPE

NOAA/USGS
Geoelectric field

Operational 2011
Upgraded 2019

Operational 2016 
Upgraded 2021

Operational 
July 2021

Characterize the 
radiation 
environment at 
airline altitudes 

FAA
CARI-7

3D Operational
Sept 2020

Operational
2019
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Impact of Space Weather

● For HF communication:
○ Changes in the Minimum Usable Frequency (LUF) due to D-region absorption (DRAP)
○ Changes in the Maximum Usable Frequency (MUF) associated with negative storm
○ Undulations in bottom-side F-region

● For satellite positioning, navigation, timing, and communication:
○ Mesoscale structure and gradients in plasma density
○ Delay in navigation signal due to line of sight electron content
○ Small-scale ionospheric irregularities causing scintillations/fluctuation or 

complete loss of signal

● For satellite drag
○ Neutral density and its uncertainty (for decision making, 

maneuver planning, orbit prediction, collision avoidance)
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WAM-IPE Operational Model
Whole Atmosphere and Ionosphere Plasmasphere Electrodynamics Model

• An extension of the US weather model to 600 km 
altitude and coupled with a plasma component of the 
atmosphere.

• Includes all the lower atmosphere weather and 
dynamics processes, as well as all the additional T-I 
physics (including electrodynamics and plasma 
processes)

• WAM provides the 3D fields for neutral winds, 
temperature, density, major species composition O, O2, 
N2. IPE provides plasma densities and velocities, thermal 
electron and ion temperatures in the ionosphere and 
plasmasphere 90 km to ~10,000 km

• WAM-IPE is in operation since July 2021. The current 
CONOPS provides T-I forecast two days in advance. 

• https://www.swpc.noaa.gov/products/wam-ipe



WAM-IPE Workflows

CONOPS I ― Include tropospheric weather into upper atmosphere forecast (in operation)
• Low-frequency (atmospheric data driven, hours)
• Based on NWS global workflow (6-hour cycles) with WAM data assimilation
• WAM Data Assimilation Scheme (WDAS): modified Gridpoint Statistical Interpolation (GSI) 3D-VAR 

with Incremental Analysis Update (IAU)
• Observed and predicted space weather drivers for external forcing

CONOPS II ― Capture the impact of near real-time solar wind conditions 
• High-frequency (solar data driven, 5 minutes)
• Extension of global workflow (CONOPS I) with online solar data polling
• Initialize at end of IAU “corrector” segment from CONOPS I with available solar wind drivers
• Advance as soon as observed solar wind data are available
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WAM Neutral Density Data Sources

1. Historical outputs are provided through NASA CCMC website
WAM was driven by solar wind parameters and lower atmosphere data-assimilation. July 2021 − July 2022
https://ccmc.gsfc.nasa.gov/news/wamipe-update/

2. Real-time operational outputs are released through NOAA website
https://registry.opendata.aws/noaa-nws-wam-ipe/          March 21, 2023	− now

•WAM-IPE Forecast System (WFS, wfs.yyyyddd): the first 6 hours is driven by F10.7, real-time solar wind 
parameters, and lower atmosphere data-assimilation. Forecast F10.7 and Kp are used to achieve 2-day 
forecast. Outputs are provided every 6 hours with higher latency. 

•  WAM-IPE Realtime System (WRS): model is driven continuously by real-time solar wind parameters with 
the best lower atmosphere specification. Outputs are provided continuously to capture on going storm 
conditions with low latency. Coming this July!

DATA FORMAT: NetCDF
https://www.unidata.ucar.edu/software/netcdf/software.html
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Click to edit Master title style

● https://registry.opendata.aws/noaa-nws-wam-ipe/

WAM Operational Neutral Density
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Space Weather Tabletop Exercise – Aviation Customers

EXERCISE TEAM
● Operations  

○ Forecasters
○ ICAO Representatives

● Research 
○ Radiation Experts
○ Communications and 

Navigation Experts

EXERCISE PLAYERS
● Major Airline Companies 

○ Flight Operations, Flight Safety, 
Dispatch, Meteorology

○ Pilots Union 
● Air Traffic Management and 

Communications Groups
● Space Weather Ops and Scientists 

from USA, Canada, and UK
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2022 Testbed Experiment



User Engagement – Satellite Industry

Working closely with the Office of Space Commerce to fulfill 
the need of drag modeling for satellite industry. 
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RL 1

RL 9

RL 2

RL 3

RL 4

RL 5

RL 6

RL 7

RL 8

Space Weather Research & Development

Space Weather Proving Grounds

SWx Research to Operations to Research Process

Applied Research

Operations

Basic Research

Proof-of-Concept

Proving Ground Validation

Prototype Demonstration

Operational Demonstration

Operational Qualification

Developer Validation
Transition Step (if selected)
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