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National Space Weather Strategy*

Introduction

“The Strategy and Action Plan builds on recent efforts to
reduce risks associated with natural hazards and improve
resilience of essential facilities and systems, aiming to foster
a collaborative environment in which government,
industry, and the American people can better understand
and prepare for the effects of space weather.”

“The Nation must continue to leverage existing public and
private network of expertise and capabilities and pursue
targeted enhancements to improve the ability to manage risks
associated with space weather.”

*http://www.sdr.gov/docs/final _nationalspaceweatherstrategy 20151028.pdf h
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The Space Weather Enterprise

Analogy:
“Weather
Enterprise”

Products and Services

Academia

« Science
e Research
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Maximizing Value

Government

 Public Safety
« Economic Health
 National Defense
« Regulation

Commercial

Services
Efficiency
Competition
Robust Economy
Communication



https://www.google.com/imgres?imgurl=http://i2.cdn.turner.com/cnnnext/dam/assets/150304131759-extreme-weather-bg-light-full-169.jpg&imgrefurl=http://www.cnn.com/specials/us/extreme-weather&docid=FyiqpwsVHkyp1M&tbnid=jAh7C5sW15O6hM:&w=1600&h=900&bih=805&biw=1440&ved=0ahUKEwjtvNfkzYTNAhUG0iYKHdQlBQUQMwhHKA4wDg&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=http://i2.cdn.turner.com/cnnnext/dam/assets/150304131759-extreme-weather-bg-light-full-169.jpg&imgrefurl=http://www.cnn.com/specials/us/extreme-weather&docid=FyiqpwsVHkyp1M&tbnid=jAh7C5sW15O6hM:&w=1600&h=900&bih=805&biw=1440&ved=0ahUKEwjtvNfkzYTNAhUG0iYKHdQlBQUQMwhHKA4wDg&iact=mrc&uact=8
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjchdSbzoTNAhUCwiYKHYYbC4kQjRwIBw&url=http://www.cnn.com/specials/us/extreme-weather&psig=AFQjCNGEZeq4CmjB7YtRecwgfptumbiU9g&ust=1464794208153688

Space Weather Enterprise

Connections

$

Government BAA

Contract
SBIR

« Public Safety

« Economic Health CRADA

 National Defense
 Regulation

Academia -—

Commercial

e Science $ Services
« Research Efficiency

Contract Competition

SBIR — Small Business Innovation Research STTR Robust Economy
STTR -- Small Business Technology Transfer : :
CRADA - Cooperative R&D Agreement Communication
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Toward A Successful Partnership!

Active
Engagement
& Support for
One Another

Harmonized
Policies

_ Win-Win
Public Psychology
Understanding Prevails

& Support

Budget .
Resources Commercial

Meet Needs

Academic Roles

Frequent Defined &
Consultation Agreed
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Federal Budget Dilemma

T
~
National
heeds

Space
Weather
$

Federal
Budget
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Partnership Solution

Coordinated
National
Public
Private Effort
Essential

T
]

National
heeds

Filled by:
Commercial

—— /

Space Space Weax
Weather §

$

Space Weax
Agencies

$

Federal # Academia
Budget Space Weax
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Enterprise Efficiency

Which system architecture is the most efficient?

Swim Lanes?

*NOAA’s Policy on Partnership; Edward Johnson, Dir Strategic Planning & Policy NWS 1/22/ 2015
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“Swim Lanes” for National Needs

National Security
Pubic Safety

Product/Service
Gov't
Gov't

Efficiency
Robust Economy

Other = NGO, Free Enterprise
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American Commercial Space Weather Association

e Formed in 2010, 5 Members;
e 2017, 19 Members:
AER, ASTRA, CPI, CRC, FF, GO, IS,
PiQ, PRA,PSI, Q-up, SAC, SEC,
SET, SSI, SSH, SA, SWFTT, NGF

Executive Committee:
G. Crowley (ASTRA) A. Engell (NGF)
D. Intriligator (CRC) C. Lautenbacher (GO)
R. Robinson (IS) R. Schunk (SEC)
K. Tobiska (SET)

N

www.acswa.us
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Commercial Space Weather Industry

Products and Services

Upstream

Research
Observations\

Instrumentation
Data

Value Chain

Mid-Stream

American
Commercial Space
Weather Association

- Data Processing\
« Computation

« Algorithms

B . Models

J?é)\b OSullivan on May 28, 2017 @ EIk Island National Park, Alberta, Canada

Geoldptbics
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Downstream

Forecasts
Warnings
Services
Emergency Mgt




EEDQBfIES “Community Initiative for Continuing
CICERO Earth Radio Occultation”

*Nano Satellites

6 B —4 8 —> GPS : :
*Cion Receiver Satellite Radio Occultation (RO)

*Ground Command & Control } &

*Data Processing

*Products
. H1gh Resolution Atmospheric Profiles ~18,000km

Bending Angle from Earth
Refractivity

Density
Pressure
Temperature/Moisture RO ]

Absolute Measurement Heights Satellite

e Ionospheric Electron Density BN
¢ Global Temporal & Spatial avgs 500-900km
. from Earth
¢  (Global pressure contours, gradients &
geostrophic winds COSMIC II
"Replenishment & Updating *Limited Satellite Number (12)
*Specified Lifetime
COSMIC I *CICERO data Interchangeable
*Fully Successful RO Test . ' ‘ G.rou.nd Processing
*Rapidly Reaching End of Life sl * Distribution
* NWP Use
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PHYSICS, INC.

cpi

AVERT real-time induced electric
field hazard map: GIC hazard

analysis for power utility research,

planning and operations
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Above: AVERT with SHM sites ( existing
)

; planned 2017

CONTACT Supported by NSF project EAR-

INFORMATION 1520864, in partnership with

140 Hennepin County Emergency
éggg Gannon, 303-442 Management, GIC Magnetics,

UIUC, TAMU, and our utility

gannon@cpi.com partners.
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COMPUTATIONAL

Local situational awareness of GIC -
“Geomagnetically Induced Current’-
for power utility planning and ops

Space Hazard
Monitors (SHM)

Magnetometer installations
for monitoring GIC hazard

:
. ”
‘
‘

Designed to
meet power
industry
standards

Remotely
deployable
and fully
autonomous




PHYSICS, INC.

near earth space environment

c P i COMPUTATIONAL  Modeling and monitoring the

DATA PRODUCTS:
Thermospheric neutral
temperatures and Doppler
winds at the Arecibo and
Millstone Hill Observatories.

MODELS:
AURIC atmospheric radiance

model; B3C auroral model.

ESF plume imaged at 630 nm over
the Arecibo Observatory. Image
taken 20 Nov 2014 at 10:30 PM
local time. ESF plumes started at
about 8:20 PM.

@aﬂpt/cs

from the ground and space.

SENSORS &

CONTACT INFORMATION
John Noto; 978-251-4554
noto@cpi.com
http://www.cpi.com
http://www.neutralwinds.com

15

Small form factor high
luminosity optics for
space based remote
sensing.

Ground based neutral
atmosphere sensors,
including imagers,
spectrographs and Doppler
imagers.

Remote, autonomous
ground based sensing
stations for monitoring
TEC and the neutral
thermosphere.



http://www.cpi.com/
http://www.neturalwinds.com/

Automated Radiation Measurements for Aerospace Safety

SPACE ENVIRONMENT TECHNOLOGIES
Space Weather Division AR MAS

G&- Space weather creates a
s dynamic radiation
g environment at aviation
altitudes
Aviation radiation

exposure can come from

v"  global phenomenon GCRs (career health
issue)

v" high latitude phenomenon
v Extended major events SEPs (fleet operations
and aircrew/passenger safety issue)
Possible short-term minor events precipitating
outer radiation belt energetic electrons (career
health issue)?

Protun

L
5
=
&
=
2
(=]
=
@

Neutron

R —

Space Environment Technologies hitp://spacewx.com

SEP — Solar Energetic Particles CME — Coronal Mass Ejection =~ GCR — Galactic Cosmic Radiation
@DaptICE 16




SPACE ENVIRONMENT TECHNOLOGIES

Space Weather Division AR M AS
SET manufactures the ARMAS FM6

FM®6 has a micro dosimeter, GPS, micro SD data logger, Bluetooth and
external in a size similar to a smart phone; app link to phone or tablet
Measures all altitude ranges and all sources of radiation

Personal dose exposure reported around the world providing
situational awareness with NAIRAS model data inclusion

Provides management options for rad flight events

FAA compliant (stand-alone — no attachment to plane)

Space Environment Technologies : o http://spacewx.com
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SPACE ENVIRONMENT TECHNOLOGIES
Space Weather Division JB2008

JB2008 solar indices provide most
accurate specification of Low Earth
Orbit neutral densities

SOLFSMYAMON. et JB2OOE 2015/ 535 20:27 400 km

i | i i i i | i
sy T8 et 17
le B o0

Space Environment Technologies
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The Environmental Data Services Company

The End
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