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Worst Natural Disaster in U.S. History

>
>
>

August 30, 1900 - Hurricane spotted in the Eastern Caribbean.
September 4, 1900 - Hurricane passes over Cuba.

September 6, 1900 - Hurricane reaches northeast of Key West.
Warnings issued for eastern gulf states, Florida, and the
southern Atlantic Coast.

Without weather satellites or even ship-to-shore radio, location,
path, and strength of hurricane is a mystery.

September 7, 1900 - Galveston Weather Station Chief Isaac M.
Cline notices unusual swell in Galveston Bay. Advises residents
to seek high ground. High ground is 8.7 feet.

September 8, 1900 - Category 4 hurricane makes landfall.
Storm surge is 15 feet. 8,000 people die (official). acount courtesy o nom.




What the Galveston Hurricane Teaches Us
about Space Weather

What they didn’t know:

» Probable location(s) of impact

Estimated time of impact at those locations

Severity of impact

YV YV V

Duration of impact

** The same is currently true for extreme space weather




Space Weather is not Nuclear EMP

Electromagnetic Pulse (EMP) from nuclear
explosions produces a high frequency (E1)
component, which can damage consumer
electronics, and a low frequency (E3)
component that can damage large-scale
conductors such as the electric power grid.

Space weather has no E1 component and will
not directly damage consumer electronics on
the Earth.




NOAA Space Weather Scales

http:/www.swpc.noaa.qov/INOAAscales/
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Geomagnetic Storms
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R5 Radio Blackout Event

A radio blackout event will notblackout all radio communications.

Can degrade or prevent over-the-horizon communications in the 5-35 MHz range.
Radiation at microwave frequencies may degrade satellite communications for up to an hour.
Line-of-sight radio communications, to include cellular, should see little or no impact.
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S5 Solar Radiation Storm

* Could result in the temporary or permanent loss of between 10%-15% of the satellite fleet.

* Significantly increase operational anomalies that would create a challenging environment for
ground controllers.

 HF Radio in polar regions and satellite navigation may be degraded.
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Timeline of an Extreme Geomagnetic Storm

ACE

P

15-24 hours 24+ hours

CME magnetic orientation 7-12 hours at any given
297 1520 geographic location

minutes

What we won’t know up front:

> Geographic location(s) of physical impact (includes Earth orbit)
Timing of physical impact at those locations

Severity of physical impact

V VYV VY

Duration of physical impact




Interplanetary Magnetic Field (-Bz)




G5 Geomagnetic Storm

* HF radio on the daylight side may initially be possible due to enhancement of the ionosphere F
layer, but would quickly become unusable for 1-3 days.

* L-band is highly susceptible to scintillation; higher frequencies less effected.

* If power goes out, anything without backup power will fail.
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It’'s More Complicated Than That

Strength and magnetic orientation vary throughout the geomagnetic storm
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Intermittent Impact

A curious thing about the telegraphers’
experience is that it has been inter-
mittent. For dome periods the wires
and instruments worked normally and
then would. start on a dance that puz-
zled the operators.

The phenomenon was fu-st noticed In
Western France late on Friday evening
and gradually spread eastward. All
lines were not affécted similarly, neigh-
boring oned" behaving normally or ec-
centrically from no known reason.

One fegtur. was that while earth cur-
rents weres uiaturbed, the wireless ap-
paratuses remained unaffected.

Ehe New Hork Eimes
Published: May 18, 1921
Copyright © The New York Times

This will be true for electric power systems and telecommunications




Extreme Events Can Bring Friends

TABLE.

Dol swems  manemiecontmes The “Great Storm” of 1921 was
by om v o b gimie  cmsus et the |largest of several storms over a
- " . " Median .
S e e period of almost two weeks.

May 12 21 34 5 2. 149 ol 2 -2w 32z 2905

13 40 40 =87 2z 156 . 4 -2'8  Igo 1673

S S S A A The “Carrington Event” of 1859

47 70 64 2 130, ,, -2 33973 234 was the second and largest of two

1 21 2 LT o . =z B0 36

S extreme events.

19 58 3o 21 2z . . =21 296 631

20 26 B 27 2 1'G . . =z'0 286 763

a1 36 20 w2 03, o, =18 231 896 The “Halloween Storms” of 2003

In the thres columns giving the renges of the magnetic i
elements, these ranges, Du, H, V, are expressed in minutes an are, Saw 17 major flares over rough Iy
in order the more easily to compare the magnitudes of the move-
ments 45 measured on :{ha cur'.rel.js. To redﬁs the numbers in the tWO Weeks'
columns under H and V to units of force, y, wherse 1y=10-%
C.5.8. unit, the factors are 4°7 for H, and 64 for V.  The values
for V are very nolably high, The international character figurea
for magnetic disturbances are o (quiet), 1 (disturbed), 2 (highly
disturbed).  Every day except one, May 18, iz marked by the
figure 2. This storm is remarkable for the number of days aver
which it extended. To find a parallel we must go back to the
protracted storm, 1882 November 11-21, which also accompaniad
the passage of a great spot across the sun's dise. That storm was
the greatest recorded up to that date at the Stonyhurst Ohserva-
tory, where the photographic magnetographs had then been in
constant action for fourteen years®
In the columns concerned with solar date, the first gives the

* Stonyhurst Observalory Repori, 1882, pp. 64-65,
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8-24 Hours Without Power

* About 60% of communications towers have backup power for only 2-8 hours.
* Landline/cable distribution nodes have 2-24 hours of backup power.

* Device batteries generally last about 4-8 hours.

1 Dayis a common planning factor for smaller generator backup.
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72 Hours Without Power

not be able to meet demand.

3 Days is a common planning factor for medium sized generators.
If power is out over a wide area, getting fuel for generators may be difficult. Fuel contracts may

Transportation disruptions could delay or prevent fuel deliveries.
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7+ Days Without Power

* 7 Days is a common planning factor for large generators.

* If power is out over a wide area, getting fuel for generators may be difficult. Fuel contracts may
not be able to meet demand. Transportation disruptions could delay or prevent fuel deliveries.

* After 7 days, major failures of telecommunications infrastructure possible without refueling.
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Whole Space Weather Community

l |
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V4
Ready |Prepare. Plan. Stay Informed.

Prepare. Plan. Stay Informed,

Prepare

* Have reliable backup power and test it regularly. Know where and how
to get fuel, water, and other consumables. (Be aware of contracts that
promise the same services to many users). Don’t forget your people!

* Multiple means of communications and, if practicable, multiple service
providers can provide redundancy and resiliency in an extreme solar
event.

Plan

* Know what communications systems will work and when they will work
in an extreme event. Most organizations already have emergency
and/or continuity plans. Add space weather.

Stay Informed

* Research is ongoing and information is constantly being updated.

* During an event information sharing, flexibility, and gaining and
maintaining situational awareness will be key.

Ready.gov 10
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