A Traveler’s Guide to the Aurora

A description of the aurora, how: to predict Its
eccurrence and Row Best to View! It
9)Y
Professor Charles Deehr:
Auroral Forecaster
The Geophysical Institute
University off Alaska Fairbanks
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E-mail from the Solar System




The Biggest Show on Earth
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Magnetic Fields of Sun & Earth

e Any planet with \
an atmosphere
has aurorae. The
planet’s
magnetic field
makes It special.

Intenplanstery Magnatic Fiald Lanes

Tthe Earth’s
magnetic field
actsias a
generator,
sending| current
along the field
lines towards the
atmosphere
around the poles.
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The Biggest Show on Earth

e The aurora IS
an unrivaled
natural wonder.

o On Earth, It
forms a circle
around the
poles.
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Venus — no magnetic field

e The airglow Is
created by
electromagnetic
radiation from
thesun.

o [heaurora Is
concentrated
particle
nombardment of
the atmosphere
guided by
remnant
magnetic fields. “
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Mars — no magnetic field

e The aurorais
concentrated
particle
pombardment off -
the atmoesphere
guided by
rfemnant
magnetic fields
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JuEiter — Iargest magnetic field

e The giant planets

have huge i

Irnis concentrates
tnerparticle
bomb?lrrlmen't (0]

S anad
dJrérr

irom soelar

e Most of the aurora
IS Internally

generated



s JUpPItEr aurerae IS produceat
from Its planets and from It
radiation belts.

e There may be some produced by the solar wind.
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Saturn — medium magnetic field

e Saturn’s aurorae
are similar to
JUpIter’s.
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Saturn

e Saturn’s aurora
are more active
tham Jupiter’s.

 This IS evidence
that the solar
Wind more
directly
Influences the
aurora.
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Closer to home, a view from the Shuttle
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Incomparable Light in the Sky
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An Array of Colors
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Color from the Earth’s Atmosphere
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Auroral Spectrum
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Solar Spectrum

* The colors of the aurora come from the nitrogen and oxygen
molecules and atoms In the atmosphere.
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Classify According to Color

Type a - crimson
UppPEr border

Type b — magenta
lower border

Iy/jpe ¢ — greenjarnc
Tiype d — red overall

Type e — magenta and
green lower border

Type f — blue or
purple
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Classify According to Color

Type b
IViagenta
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Classiﬂ According to Color

Type ¢

Normal

GIeen,
Gle

fely
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Type e
Viagenta
IMeving
Ahead
Of

Green

Classify According to Color
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Classify According to Color

Type f
Blue or
Purple
sSunlit

AUrora
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Classn‘y According to Color
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Color Due to Local lonosphere
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Forms Differ With Local Time
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Forms Differ With Local Time

- - Homogeneous arcs
Discrete aurora Rayed arcs, curls

N " Poleward boundary arcs— i l,"
8. H ' Westward traveling surge ﬁnﬂ -

* : N-S arcs = g
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Morning | ; i N

= . Evening
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e

e
Pulsating sufaces 4 Gt
Fast auroral waves __ \ \ Hydrogen arc
Flaming, flickering——— Thin white arcs, patches

Diffuse 'aurora Thin black arcs, patches

Pulsating arcs
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Forms Differ With Local Time

2007-02-13 23:28
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Forms Differ With Local Time

070409 _aurorals)_hres
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Auroral Forecast Begins at the Sun




Auroral Forecast Begins at the Sun

SUNSPOT NUMBER Ri
Daily
Maonthly
Smoothed
SM predictions
Ch predictions

(http:/ fsidc.oma.be, Jun 1, Z005)

2000 2002 2004
TIME (vears)




Auroral Forecast Begins at the Sun

o |nvention of the telescope Ied te sunspot counting and close
solar olservation.

o Cyclesof 11 years , 100'years and ?.
o Aurora correlates with sunspots.

o Historical aurora sketchy measure of solar activity.



The Aurora in History

Before 1700, aurorae
were viewed as a sign
ofi something In the
sky.

Ezekiel in Bible
Babylonian tanlets
Chilnese astrologers
Greeks & Romans
Beowulf

Charles Morton
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11 year solar cxcle




Two Types of Solar Activity

 Type 1: Fast
streams from
coronal holes exist
fior severalisolar |
retations Corona

o Ilype 2: Eruptions
fromi selar events
produce shock and

exist for few hours Active region
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Coronal Holes

e [ype 1: Fast
streams from
coronal heles exist
for several solar
rotations.

o IIey ennance
auroral activity each
time they sweep by
(28 days).

February 22, 2000 February 24, 2000

A-Traveler’sGuidertortherAuroera



s A model of tr
Wind rlévéJooe
GEopnysical Jr

NOWS thE 0l (iN0)

D
S0 Jrlr vvmrl Fﬂc'[ Y
r e'S Jrlr vvmd DJI-;e
d garc Jeuor]n}/Jw
» ['he fast streams firom g
370  TIME= Ohrs

e coronal holes
crowd the field lines.



Effect of Coronal Holes on Aurora

Aurorg:  min  quiet med active high  max
Q Volue: 0 1 2 4 6 8
Kp Sum: 0-4 4-12 12-20 20-35 J35-30 >30

Geophysical Institute — UAF Solar Rotation #1893

7 10
Feb 23,1995 - Mor 22,1995

Solor Rotation #1894

3 6
Mar 22,1995 - Apr 18,1995

Solar Rotation #1895




Type 2. Solar Events

 Type 1: Fast
streams from
coronal holes exist
for several solar
roLations

o Tiype 2: Eruptions
from selar events
produce shock and
exist for few

hours 2000,/07/14 04:00
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Coronal Mass Ejection (CME)

e Type 2: Eruptions > i~
from solar events i
olar n asl stream
pr(_)duce sfock ana from coronal hole
exist fior fiew hours.

o A CONonograph on a
satellite shows the
solar wind near the

sun.

e An explosion sends SO Comet '
material, electrons - | / Solar wind ejecta /
and protons out Into ' from activity center
space.

1252340002 12321506
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Coronal Mass Ejection (CME)

Type 2: Eruptions
from solar events

aXISt Tor few neurs.

VWhen the material IS
d Male areuna the
Sun;, It ISineaaing

Its arrival affects the
satellite camera.
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o Type 2: Eruptions Fly 10, 2000
firom solar events
proauce snoeck and
XISt 10K Tew.
NOUIS.

The shock and

& )L  thee
SOme of the
material takes 1- 5

Q2 C
a70

Ecliptic Flane IMF
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The Venusian Connection
‘ April, 2001

o Oxygen and
carbon 1ons
observed In
the wind firom
\/enus

o Evidence for
transport of
mICrobes from
\Venus




Resulting Aurora

IMAGE/FUV,/WIC July 15, 2000 12:18 UT
r: 6.4 By Lat: 78.6° Lom: 252.77

e The magnetic field of
the solar wind links up
With the magnetic field
ofi the Earth and the
selar wind pewer IS
transterred to the
Eartn’s magnetic fiela _
where It drives electricall
currents into the
atmosphere creating the
aurora.

A-Traveler’sGuidertortherAuroera



Levels of Auroral Activity

 The more power
Injected into the
Earth’s magnetic
fieldithe greater the
extent of the aurora.

Ifhe measure off this
activity Is the
planetany magnetic
disturbance Index,
Kp.

e Kp varies from 0-9.
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Levels of Auroral Activity

 The more power
Injected into the
Earth’s magnetic
fieldithe greater the
extent of the aurora.
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planetany magnetic
disturbance Index,
Kp.

e Kp varies from 0-9.

A-Traveler’sGuidertortherAuroera



Levels of Auroral Act|V|ty

e The more power
Injected Into the
Earth’s magnetic
field the greater the
exient of the aurora.

o [he measure of this
aCtIVIty IS the ~ et
disturbance Inadex,

Kp.

« Kp=3Is most
common
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Aurora Australis
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The Southern Hemisphere

e The sun rises In the east
and sets In the west In
both hemispheres, but o
travels from left to right
I the north and right te
[efit 1 the seuth,

o Auroral features fiollow:
the same directions In
both hemispheres, but gl
look different to the
ObServer.
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Conjugate Mirror Images

e The sun rises In the east
and sets In the west In
both hemispheres, but
travels from left to right
In the northiand right te
lefit Inithe seuth.

o Auroral features fiollow:
the same directions in
poth hemispheres, but
look: different to the
ODSErVer.
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The Conjugate Flights
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e Because the magnetic field lines have aurera at both ends,
we designed an experiment to see If the aurorae at both
ends were similar in type, brightness and occurrence.
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The Conjugate Flights

140 E 180 W

In the 1960s there were two airplanes maintained by LANL 1n
readiness for nuclear test monitoring.

These planes were used in a number of auroral studies, one of which
was the conjugate flights.



The Conjugate Flights

26 March 19685, /045 05 UT

o Narrow field cameras were located in the rabbit windows
and recorded amazing conjugate details.

A-Traveler’sGuidertortherAuroera



The Alaskan Aurora Is Brighter

NORTHERN HEMISPHERE

SQUTHERN HEMISPHERE

e The magnetic field Is weaker at the same altitude above
Alaska than above New Zealand.



The Aurora Australis

 \Where would
yOu go to see g
the aurora In Perth atice Spri
the Southern

nemisphere? ; . N jfgﬂ’”r
. . Hobart
This 1s the Cptony
maXI mum Macguarie ﬁfmgéﬂﬂ
extent of the ke |
allifora. {k sourn ol
Halley Bay =

This occurs
about once N .
every 10

years.
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The Aurora Australis

o A more realistic
appraisal Is

shown here.

: : Hﬂﬁjﬂr
This Is average

ACtIVILy.

Macguarie I1sfand
W‘ﬁlﬂlgtﬂ

i’

TThe number of

people under the South Pol
aurora australis Hateyog

IS less than the

population of ; )
Fairbanks.
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The Aurora Borealis

e The eguivalent
activity In the
northern
Nemisphere Is
on the edge of
Very populated
areas.
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Two Reasons to go West

e The brightness
and occurrence
freguency. IS
greatest over
Alaska and
Eastern; Russia.

Greal Whale River

Reykjavik
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* The skies are
clear more
often over
Alaska and
Eastern Russia.

N
Q

Camera location
Midnight position

©
0
<
S
D
Q
I
L
.
w
I
3
Q
St

3

Ny
Q

8!

Oy
Q

% Occurrence on ASC
| Y
Q QS




Two Reasons to go West

« The brightness and occurrence frequency Is greatest over Alaska and
Eastern Russia.

o The skies are clear more often over Alaska and Eastern Russia.
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Alaska and the Yukon are Therefore Best

=14 —'I?D —1ED —'ISD —'IdL'J —'ISD -170 _

e Conclusion:
relative to the
rest of the
world, the
aurora Is

Fﬂrt Fukﬂ

prighter, more
accessible and m :

a enﬂ' Fmrbanks Da snn EJ‘U’

- Anchorage. -

IN clearer skies
In Alaska and
the Yukon.
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There are few roads to the aurora.

e Secondary roads
and some air 1 S zone 5B
ACCESS) IS £ | WS
avallble In
Canada, but east
of Manitohba, the
Weather
deteriorates.
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The Best View

Away from city
lights

On a summit or
Open country.
\With a clear
VIew of the
norizon,
especially te
North and \West
Prepare to stay/
up late —
sometimes 3 — 4
am.

Watch the 1 hour " '
auroral forecast. 2@@7 05
"é@ }@ii 33 W

Watch the
weather forecast.
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