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Outline

« Space Weather Background

— Overview of Sun-Earth System

— Storms, substorms, and other phenomena
 Aviation Connections

— GPS System Issues

— Polar Operations

— Radiation Issues
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Space Weather

 Space weather describes events in 5
space that effect the Earth and our
technology

 Severe solar eruptions can cause
disturbances which dramatically
effect both the 1onosphere and
magnetosphere
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High Allilude ObsenvatoryNCAR - Solar Maximum Mission

« Coronal mass ejections send
upwards of a billion tons of hot
Ionized gas propagating towards
Earth arriving in 2-4 days

« The magnetosphere is formed by
Interaction between the Earth’s
magnetic field and the super sonic
solar wind
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Solar Origins

- Solar Flares - abrupt release

of energy
localized solar region
mainly radiation (UV, X-
rays,y-rays)

Rl occur near complex

— sunspot configurations
1997711404 00201210

Coronal Mass Ejections
(CMEs)

Releases of massive
amounts of solar material

Usually with higher
speeds and greater
magnetic fields than
surrounding solar wind Magnetic field direction
Usually cause shocks in variable

solar wind m _ Exact properties deépend
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upon solar origins
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Solar Wind

Steady ionized gas
outflow with average
velocity 400 km/s




Earth's Magnetosphere

The magnetosphere is region
near the Earth where it's
magnetic field forms a
protective bubble which
Impedes the transfer of
energy and momentum from
the solar wind plasma

A variety of different phenomenon

Substorms
impulsive energy release over hours

Storms
globally enhanced activity over days

Radiation belts
trapped particles which are

omnipresent
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The Earth's lonosphere

Upper layer of the atmosphere
that is partially ionized by solar
X-rays and UV radiation

Only 0.1% of the atmosphere is
contain here, but its extremely
Important

D & E reflect AM radio, but TV
IS too short so it requires
satellites

Current systems from the
magnetosphere close here

Aurora caused by trapped
electrons which are accelerated
Into ionosphere during
magnetospheric activity
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Radiation Belts

Omnipresent energetic electrons . . — -
and protons trapped in the T R\ i e
Earth's magnetic field | ol

First discovered in 1959 by the
Explorer 1 satellite, called the
Van Allen Belts, consisting of an
Inner zone of protons and
electrons and a more variable
outer zone of electrons

This static view has recently

e

been modified based upon L ;x"." ,

measurements beginning at the ~——____ —" 7 ///|

last maximum in solar sunspot it e
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Aviation and SpWx

e Impacts & Risks of SpWx

— Loss of HF
communications

— GPS errors

— Effects of radiation on
humans and avonics
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HF Communication Impacts

seal GOES—12 SHI—=0 AR Level—1 205
CUE hoaa/SEC LIN
(10" Boulder, CO

DN /a)
244,
4838,
230,
181,
92.8
5.2
30.5
17.3 '
1a.4a
.80

3.33

Z005/08/11 11:47:43 UTC P_THWN.B 3.000s 500V

Arrival: 8 minutes, photons

Duration: Minutes to 3
hours

Daylight-side impacts
Probabilistic 1, 2, 3-day
forecasts only

— No existing capability to
do physics based forecasts
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Geomagnetic Storms
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o Arrival: 18-96 hours after CME
« Duration: Several hours to days

e Impacts: lonosphere TEC enhancements, geomagnetic induced
currents, aurora

e CME arrival time forecast 1-2 based upon modeling

o |IMF direction remains unknown until measured by upstream
monitor — 15-45 minute warning
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lonospheric Impacts on GPS

Any phenomenon that causes the delay seen by
the ground station to be significantly different
than the delay seen by the airplane
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Courtesy Tim Murphy, Boeing facility



WAAS VPL Service Availability
October 30, 2003

Vertical
Navigation
Capability

(Animation Courtesy of FAA NSTB)
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Dose Rates at Aviation Altitutdes

Equator: Ambient dose equivalent rate v. FL

e FL 280: 1.3 uSv/h
e FL 350: 2.0 uSv/h
e FL410: 2.6 uSv/h

* Rule of thumb: altitude 1 1000 ft.
o Terc gt => ambient dose equivalent rate

B Liulin Flight 1

B Liulin Flight 2 T 01 lVLSVlh

— — fittad line

o (German Aerospace center in cooperation with Luftsana and LTU
Airlines studied exposure rates during flights from German to
Africa during geomagnetically quiet conditions

e Even if someone spent the whole year at FL350 in the equatorial
region their radiation exposure would not exceed the
Internationally accepted annual dose limit (17.5 mSv < 20 mSv).
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2003/10/28 11:12

e Arrival: 10’s of minutes
to days

 Duration: hours to days

* Short term forecasting
capabilities

 Access Is impacted by
current geomangetic
activity

8/26/15
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Geomagnetic Shielding

TS05 Vertical Cutoff Rigidity (GY) e Severe geomagnetic storms

: suppresses geomagnetic
shielding allowing SEPs access
mid- latitudes.

— Due primarily to a build up of
the ring current

— Shock arrival can also be
significant
a0t 120% B0 0°  BO°E 120°E  fantw e Particles with rlgldltles below
e TR the a cutoff value cannot access
i that point in space

Fipn "-”Paﬁ:f: e st — We compute these using the

50 TS05 storm magnetic field
MFE, [nT_E:E: s T el A model and a particle tracing

. — : codes

st N « During the Halloween storms
we find 1 and 0.5 GV

10/28103 1029103 103003 a1l - ) )
UT hours suppression during main phase
and shock arrival
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Conclusions

o Space Weather i1s a manageable risk in aviation
operations
— High altitude and high latitude operations increase
this risk
— Radiation is only a part of this risk

 Information is available from a variety of
official and unofficial sources on the internet

 Feel free to contact me directly
wiltbemj@ucar.eud

8/26/15 Summer FPAW Meeting 16



8/26/15

Backups
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Cosmic Ray Interactions
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Space Weather Prediction Center

NOAAT7/ Space Weather Prediction Center

Space Weather Now
2011 Sep 26 01:36 UTC (Sep 25 19:36 MDT)

Latest GOES Solar X-ray Image

Alerts / Bulletins

L Alert: Sep 25 1700 UTC ALERT: Type IV Radio
Emission

Last Advisory Bulletin: None in last 7 days.

ACE Real-Time Solar Wind Pages
Magnetic Field 2011 Sep 26 0133 UTC

companent .
B P Cynamic Pressure

+50

N FE S [+

Satellite Operators
Aurora
News Media
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NOAA Scales Activity
Range 1 (minor) to 5 (extreme)
NOAA Scale Past 24 hrs  Current
Geomagnetic Storms none none
Solar Radiation Storms s1 s1
Radio Blackouts R2 none

Auroral Map
011 September 26 01:33UT

Solar Cycle Progression

Related pages
| S

T
SW for 4

 http://www.swpc.noaa.gov/SWN/
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NARIAS Website

.°‘ Env?rp:::.nem NAIRAS
iQjTE'ChI'H‘-‘lf-'gi'E'S Mowcast of Atmospheric lonizing Radiation System
Northern Hemisphere Dose Global Dose Selected Flight Path Dose Geomagnetic Cutoff Rigidity

Effective Dose FluicT{E} for 2011-09-24 8:00- 9:00 GMT

Skm (16,000 feet) Radiafive Dose Rate (uSvihr) Effective Dose Rate(E) at 15km for 2011-09-24 8:00- 9:00 GMT

".1H

. 2:3?- 2.89 Max{E):16.04
11l\m {35 000 fo‘el] Fladiaftve Dose Rate (uSwhr) A Avg(E}): 6.15 uSwhr
’ll|‘~l -IDN 40N-60N 60-90N 80
a8.87 . T.87 10.70 €0
1"‘45 12.07 ‘369 3.73 9.09 10.87 11.09 X 40
15km (49,000 feelj R.‘Idl.'.ﬂ[\l’l' Dose Rate (uSwv/hr) \ %
2 0-20N 20N-40N 40M-60N 60-90N 25
16.79 5 ; 1.47 0 10,93 15.74 20
17.83 83 457 .94 81 16.04 | B 18
- - . g 16
Representative Hig | . - 14
2011-09-24 8:00- 9:00 GMT 12
Flight Name Time Rate' Dose' Safety Signal . :-.?o
hours uSwihr mSv Aircrew” Public® Prenatal’ ] . | 7.0
London,GBR - New York,USA 550 967 0.053 e
Chicago,USA - Stockholm,SWE 8.50 1043 0.089 40
Chicago,USA - Munich,DEU 8.50 9.88 3.0
Chicago,USA - Beijing,CHN 1350 9.87 0 gg
: : : 15
Signal Aircrew? Public® Prenatal® 1.0
Max_Annual(1000hrs) one_trip 0.5
0.2
0.1
0.0

http://terra2.spacenvironment.net/~raps_ops/current_files
/index.html
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Solar wind
speed: 336.0 km/sec

nat | ar a8
Updated: Today at 0135 UT

X-ray Solar Flares
6-hr max: C8B 2219 UT Sep25
24-hr: M7 0450 UT Sep25

on | o a
Updated: Today at: 2359 UT

Daily Sun: 25 Sep 11

aceWeather.com

(Frekeifteinl eleieitip 1

/9 What's up in space

Are we alone? Your iPhone has the answer. Download the
all-new Drake Equation app to calculate the population of the
Milky Way.

GEOMAGNETIC STORM WARNIMNG: A pair of closely-spaced CMEs propelled
by explosions of sunspot AR1302 on Sept. 24th are heading not-quite directly
toward Earth. A significant glancing blow to our planet's magnetic field is possible
on Sept. 26th around 14:00 UT (+/- 7 hours). NOAA forecasters estimate a 30%
chance of strong geomagnetic storms when the clouds arrive. [(

track] Aurora alerts:

STRONG SOLAR ACTIVITY: Having already unleashed two X-flares since Sept.
22nd, sunspot AR1302 appears ready for more. The active region has a com
"beta-gamma-delta’ agnetic field that harbors energy for strong M- and X-cla
eruptions. Flares from AR1302 will become increasingly geoeffective as the
sunspot turns toward Earth in the days ahead.

Marko Posavec of Koprivnica, Croatia, photographed the behemoth sunspot
between flares on Sept. 24th:

ntinued threat
edit: SDO/MM

 http://spaceweather.com/
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Ways to damage DNA

water
radiation l"l « free radical

- DAMAGE

DAMAGE
radiation
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Radiation Exposure Quantities Overview

Unit of absorbed dose from particle R (Dg):
— Unit: 1 Gray == 1 J/kg

Equivalent Dose in Tissue (H+):
— Unit: Sievert = Gray X Wg
— Wg: radiation weighting factor

HT:ZWR'DR
R

Effective Dose (E):
— Unit: Sievert: Sievert X wy
— Wy tissue weighting factor

b= ZWT ' HT
ICRP estimate: !
— 11n 20,000 risk of fatal cancer per 1ImSv dose (lifetime)



Radiation Exposure of Aircrews

* |CRP recommendations for aircrews of jet aircraft

— 5-year mean effective dose of 20 mSv per year, with no
more than 50 mSv in a single year

— After pregnancy reported: equivalent dose to conceptus
should not exceed 1 mSv

« Additional FAA recommendations
— ICRP limits apply to jet and non-jet aircraft

— Pregnancy: equivalent dose to conceptus should not exceed
0.5 mSv in any month
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GCR EXxposure

Fadiation Exposure for High—Latitude Commercial Airline Foutes

Londen, W — Hew "ok, WY
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ARCS - Health Physics Division

ACREM Measurements during GLEG60 on 15. April 2001
10 h 25 min

Latitude in Degrees
50° 54° &B° 56" 55" 54° 50  46° 42° 387 34°

[ I I I I I I I I |
- (== efdoscow Neutron Monitor (5min) ACREM: 59,9 ySv

[ | == ACREM (5min) EPCARD (without GLE):
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Time in UTC

Dr. Peter Beck
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