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As teChnological innovations produce newfcapabilities and complexities,
the opportunities for unexpeCtéd"ipacts of the solar-terrestrial
environment on new developments has always occurred
---- from the 1840s telegraphs to today

Increasingly sophisticated technologies require increasingly
sophisticated understanding of the natural environment in which they
operate

Space Weather Risks and Society Workshop, NASA Ames Research Center, 15-16 October 2011




TELEGRAPH in 1840 ’s

W. H. Barlow, “On spontaneous electrical currents observed in the wwes of
the electric telegraph”, Ph:l. Trans. R. Soc.,l 61 18 R e S

“THE OBSERVATIONS DESCRIBED ... WERE

UNDERTAKEN IN CONSEQUENCE OF CERTAIN
SPONTANEOUS DEFLECTIONS HAVING BEEN
NOTICED IN THE NEEDLES OF THE ELECTRIC
TELEGRAPH ON THE MIDLAND RAILWAY,

THE ERECTION OF WHICH WAS CARRIED

OUT UNDER MY SUPERINTENDENCE AS THE
COMPANY’S ENGINEER.”

... in every case which has come under
my observation, the telegraph needles
have been deflected whenever aurora
has been visible”
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MAGNETIC STORM:

March 24, 1940
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March 1989 The Washington Post

As the sun awakens, the power grid

Blackout darkens Quebec stands vulnerable

MONTREAL — A massive power outage yesterday
left more thaa ) milion peopie in Quebec withoul By Brian Vastag, Published: June 20

beat and hght, crippling Moutreal's underground

The sun is waking up.




MAGNETIC S TORM:

February 10, 1 958
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up, huge currents

S lewfoundland, to (;I;;n, Scotland
Voltage on first transatlantic telephone cable
Oban, Scotland

Universal Time
03 02

« . Circuit breakers began tripping ou
in Ontario transformer stations,
plunging the Toronto area into a tem-
porary darkness broken only by the 03 02 01
Strange |ight of the aurora overhead”* 11 February 1958 Universal Time

Output Voltage, kV

*John Brooks, “A Reporter at Large; The Subtle Storm,” New Yorker, February 19, 1959

4 Auqust 1972: AT&T L4 cable Chicago to San Francisco.
Several hour power supply disruption in Plano, lllinois, repeater station




EARLY WIRELESS COMMUNICATIONS
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“.. times of bad fading practically always coincide with the appearance of large
sun-spots and intense aurora-boreali usually accompanied by magnetic storms
-« These are “... the same periods when cables and land lines experience
difficulties or are thrown out of action.”

G. Marconi, Radio Communications, 1928. Solar Storms Cut Alrplane Radio

Contact
By Tom Cohen

Associated Press
posted: 04:00 am ET

1996 30 October 2003

NASA Says Solar Flare

Caused Radio BIackouts TORONTO (AP) _ Airplanes flying north of the 57"
’ parallel experienced some disruptions in high frequency

WASHINGTON, July 13 (AP) — A radio communications Wednesday due to the
- 2 are oo Nednesda geomagnetic storm from solar flares.
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IN FEBRUARY 1942, DURING WORLD
WAR II, A DRAMATIC CRISIS AROSE
IN BRITAIN. RADAR OPERATORS
THROUGHOUT THE COUNTRY
REPORTED A NEW KIND OF
"JAMMING” WHICH PERIODICALLY
COMPLETELY DISRUPTED THE
BRITISH RADAR DEFENCE SYSTEM.

AN IMMEDIATE INVESTIGATION
WAS MADE BY MEMBERS OF

THE BRITISH ARMY OPERATIONAL
RESEARCH GROUP LED BY .S.HEY.

.....

Hey’'s AMAZING REPORT
WAS THAT THE RADAR INTER-
FERENCE WAS BEING CAUSED,
NOT BY THE GERMANS ACROSS
THE CHANNEL, BUT BY ELECTRO-
MAGNETIC SIGNALS FROM THE
SUN WHICH AT THAT TIME WAS
UNDERGOING STRONG SUNSPOT
AND SOLAR FLARE ACTIVITY.

solar radio noise

&l Interference by




Brief loss of Vertical Guided Approach .
(in regions denoted in pink) WAAS coverage and availability of the

vertical guided approach service on 6
December 2006.

Latitude

The Effect of Intense December 2006

Solar Radio Bursts on GPS Receivers
Alessandro P. Cerruti, et al., Space Weather,
2008. Cornell University

Number of receivers severely i SCIENCE & ENVIRONMENT

solar radio burst
Yellow: all currently available ¢l ey ———
quality receivers available throu
Wide Web, including from the GF

from the IGS and Continuously O " . .
Reference System (CORS) netyw UK "over-reliant’ on GPS S|gnals, engmneers wam

all receivers severely impactea at

peak of solar radio burst: 19:30-19:40 UT.




Telstar 1, 1962

Syncom 3, 1963

Sir Arthur Clark




SNV
interactive

CNN com

¢ Hamilton Spectat

S P- AN I K| S

High-tech chaos as satelhtes spin out of control
Plug pulled on v

phones, TV,
radio, papers

Sun 'ejection’ killed TV satellite
January 21, 1997Web posted at: 10:10 p.m. EST

ATE&T Telstar 401 Satellite

AT&T Telstar 1
Launch: 10 July 1962
Failed: February 1963
Radiation Damage

January 1994
PETER B. de SELDING, PARIS cause we really didn'l know software modernization on the
4 what was going on.” satellite, which is at the halfway -
e lalian Defense Min- In response to Space News  point in its scheduled operat-
I istry lost control of its  questions, the luhmjohu de- lng life.”

Qiorall wnilitm e salomne. Saan ol teveald o Ll

Space News, January 15, 2007

— 7 SPACE NEWS

April 2&, 2914

Orbital Blames Galaxy 15 Failure on Solar Storm

4 . \-l'\( E NEWS mspatmusm

Jaswary 10, 201

Intelsat Moving Recovered Galaxy 15 To Test Location

PETER B. de SELDING, PARIS _ »




Spacecraft Anomalies and Failures

70
Average # of events/yr = 24.3
60 4 |Average # of failures/yr = 2.5
Most events/failures are not attibuted to space weather,
50 but 46 of 70 in 2003 occurred during Halloween Storm
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1993* 1994* 1995* 1996* 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Genesis POLAR
ADEOS-2, Stardust, Chandra, [ KODAMA, Mars Odyssey

Various GOES
SOURCE: National Academy Workshop on the Societal and NOAA- 1 7
Economic Impacts of Severe Space Weather Events
Washington, D.C., May 2008. Organizer and Chair:

Professor Daniel Baker, U. of Colorado RHESSI INTEGRAL, Chandra, SMART-1




The Societal and Economic Impacts of Severe Space

Weather Events

May 22-23, 2008 in D.C.
The National Academies

~ 80 attendees: academia,
industry, government, industry
associations

o Association reps aggregated data
and helped avoid concerns about
proprietary or competition-
sensitive data

Analyses in specific areas; e.qg.,
GPS, power industry, aviation,
military systems, human and
robotic exploration beyond low-
Earth orbit

Econometric analysis of value of
improved SWx forecasts

[ http://www.nap.edu/catalog.php?record_id=12507]
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Organizer and Chair:
Professor Daniel Baker, U. of Colorado



Low Frequency/High Consequence Events:
Increasing Societal Vulnerability

“The grid is becoming
increasingly vulnerable to
space weather events”

Future Directions in Satellite-derived
Weather and Climate Information for
the Electric Energy Industry —

Workshop Report Jun 2004

. Potential loss due to widespread power grid —
$1-2 trillion | pjackout following severe geomagnetic storm
4-10 years | Recovery time from a widespread power grid

blackout following severe geomagnetic storm

SOURCE: National Academy Workshop on the Societal and Economic Impacts of Severe Space Weather Events
Washington, D.C., May 2008. Organizer and Chair: Professor Daniel Baker, U. of Colorado



NATIONAL SPACE WEATHER PROGRAM COUNCIL

DR. JOHN HAYES
Department of Commerce

MR. SAMUEL P. WILLIAMSON, Chairman
Federal Coordinator for Meteorology

MR. KENNETH HODGKINS
Department of State

DR. FRED LEWIS MS. VICTORIA COX -
Department of Defense Department of Transportation "l‘ J
MR. W. RANDALL BELL DR. RICHARD FISHER
Department of Energy National Acronautics and Space Administration F ks > ’ » -
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MR. JAMES F. DEVINE DR. TIMOTHY KILLEEN
Department of the Interior National Science Foundation »
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DR. HAROLD BELL MS. MARY KICZA -
National Aeronautics and Space Administration Department of Commerce
Alternate Alternate
MR. DAMON WELLS MS. GRACE HU At Dla
Office of Science and Technology Policy Office of Management and Budget A I ¢
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Assessment Committee

for the

National Space Weather Program

FCM-R24-2006

June 2006

Office of the Federal Coordinator for Metecrological Senvices

I. Discover and understand the physical conditions and processes that
produce space weather and its effects.

II. Develop and sustain necessary observational capabilities.
IIT. Provide tailored and accurate space weather information where and
when it’s needed.
Raise national awareness of the impacts of space weather.
Foster communications among government, commercial, and academic
organizations.

N N

and Supporting Research (CFCM)

8255 Colesville Rd, Suite 1500

Silver Spring, MD 20910



New Drivers for Space Weather Understanding

Evolving landscape: New technologies and capabilities drive
demand for space weather products

Civil Precision GNSS Users

Next Generation Air Transportation System

Increased Vulnerability of Power Grid

Satellite/Launch Industry

Exploration Missions to the Moon and beyond g8
Commercial Space Enterprise 2

Arctic Economic Development
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Interior S Micrometeoroids
Charging

Cosmic
Rays ,
Computer and Memory
Surface and Upsets and Failures ’

Astronaut
Safety
Solar Flare
Protons

Magnetic Solar Cell
Attitude Control Damage

lonosphere Currentsi

~~ah—

Ehe New JJork Times”

Celestial Storm Warnings

By JOHN P. HOLDREN and JOHN BEDDINGTON
Cellular
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Electric Grid

GPS Station Disruption

Earth Currents

Atmospheric Drag

B8 Plasma Bub le@ ]

Ehe New HJork Eimes®

sune 10

How’s the Weather?

By MADHULIKA GUHATHAKURTA and DANIEL N. BAKER
LATELY, the Sun has been behaving a b
nterference =@ & f

Telecommunication Cable Disruption
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News:
International organizations focus on space weather
News: Proposed U.S. space weather budget Feature:
"t eature: New directions for radiation belt research A decade of space weather events, discoveries, and publications

Technical: Validating community models Technicalt
Quiet time relativistic electrons



