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Image taken from: www.physicalgeography.net/
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Nikon D5 digital camera using a 28 mm lens, Christina Koch, NASA, Exp. 60 o
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The Radiance-Exposure Product of the EIf (mJImzfstr)
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 106, NO. A12, PAGES 28,841-28,856, DECEMBER 1, 2001

Effects of thunderstorm-driven runaway electrons A VE RGP T | GH DRWEN |
in the conjugate hemisphere: Purple sprites, eubliaadl Jladdl b ghd Jsha
ionization enhancements, and gamma rays ¢ o J‘y\ e g cils e
N. G. Lehtinen, U. S. Inan, and T. F. Bell & sl L padaas
%};ﬁz} I'lli'zleoommunications, and Radioscience Laboratory, Stanford University, Stanford c_u.uﬂ 8 9 é&i (e Al
g (b) <
cloud-to-ground magnetic field
discharge ~ i

0kn %}»ﬂ Avalanching

runaway

20 km electrons

0"’"-\ I s conjugate
DU R - - spri[es?

Figure 1. Schematics of electrons going from one hemisphere to another. (a) Configuration
of the discharge. (b) Electron beam traveling in the magnetosphere from a thunderstorm oc-
curring somewhere in North America to a geomagnetically conjugate location in the Southern
Hemisphere, where it precipitates.
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LIGHTNING TO THE UPPER ATMOSPHERE:
A VERTICAL LIGHT PULSE FROM THE TOP OF A THUNDERSTORM Boecketal.,
AS SEEN BY A PAYLOAD BAY TV CAMERA OF THE SPACE SHUTTLE NASA report

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

“Picture of the
month” in
MWR, 1992
Vaughen et al.

Blow-up of
Vertical Discharge

F1G. 1. This video frame was captured during the shuttle STS-31 mission at 0335:59 UTC 28 April 1990
using a shuttle payload-bay low-light-level TV camera while the shuttle was on its 55th orbit over Mauritania,
northwest Africa. The payload-bay TV camera was pointed to the southeast of the orbital ground track so that
thunderstorm complexes near the earth’s limb could be observed. Seen in this image is an arc of the earth’s
airglow, a vertical line, which is the shuttle’s rudder, five clouds that are illuminated by lightning in the
foreground, and a single cloud located on the horizon with a vertical discharge; various stars can be seen above
the arc of the earth’s airglow. The storm, which had a vertical discharge, was located at approximately 7.5°N,
4.0°E and was about 2000 km from the shuttle. The length of the discharge is estimated to be at least 31 km.
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STS-107 - MEIDEX 44 yad

256 516 Li216.1.2003 (b ciblhil degal
& oS8 Aoyl ¢ (S-280 Lk o))
1.2.2003 « 552l vie s,

e 12 2MEDIEX- s e
@Ay il peFREESTAR s
GSFC (e 4l 2y

ABI5 anaydde A geall pagai Xybion IMC201 NTSC format
.. T — 30 frames/second
&3" e uQ.L‘j\ 5223CCD ‘JﬂAls ¢ The spatial resolution at the
walaas 3z Xybion IMC- 201 limb \_/vasl 665m (H) x 745m (V)
. . per pixel.
14 ° x10 ° FOV 4xclzi) Observation conducted in
: “ . o “Locked mod”: filters 5 (665
538) - 42 )60 = =2FOV 1S nm), 6 (860 nm), 2 (380 nm);
Sekai Color Also in “run” mode.

i jliISekal s s eal3

MEIDEX Emission )

Filter Lines . m

340: = - :

380: 380.5 N2(2P) 0-2 ¢

A470: 470.9 N2+(1N)2-O ¢

555: 557.7 O(l) Airglow "

665: 662.4 N2(1P) 6-3 .

860: 857.4 N2(1P)8-8 L
(Armstrong et al., 1996) L




ezl ) gl
: DN | ST

08/25/00
\\ EDO

?‘“ “\'SA}M QAJA/‘_AL t-\\.’..‘nj.\j\ &L Axe N (  oarE
tﬂlﬂ\éﬂjtﬂjﬂ\{)}\_wmm ] e\

\ﬁ\ﬁ\%})k&&‘ﬂj&d\c@jé. y
Sl Alle iy 38V ol a5 i (|4
S~ 1800 &Y

Aassl 50 Jausall 5 1 52alSI) 8 oSl e
aSail) 48 je g 5aldll 5 yad (e plLl
(Sl i) 8 aSa3) Ji5) T Y

Alaill 8 481 ) by i e

) el 5(2) Sl Jalag sl
(3). Akbia) A€ ()Y




JOURNAL OF GEOPHYSICAL
RESEARCH, VOL. 109, D15201,
Yoav "f’ﬂir:' Peter Ismclcviuh:l Adam D. Dcvir:l Meir I"»fim:llt:n‘n:'1 Colin Priuc:l doi:10.1029/2003JD004497, 2004
Joachim H. J:)scph,l Zev Levin,” Baruch Ziv,' Abraham Stemlieb.* and Amit Teller®

New observations of sprites from the space shuttle

Received 30 December 2003; revised 3 May 2004; accepted 3 June 2004; published 6 August 2004,
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Filter:S Exp:33.337300ms Gain: 89.0%

T

Temp:34.3C 01705703 10:17:01

The Radiance-E xposure Product (m.lfmzlﬂr)

Table 3. Summary of MEIDEX Confirmed Sprite Events, Found After Analysis of 2/3 of the Data®
MEIDX Mumber

Orhit MET Time, UT Time, UT Location Filter of Sprites Brightness, MR

48 02/2334:50.09 19/1/03, 1513:50.09 Tasmania 5 2 1.14 £ 0.10
0.79 £ 0.08

66 04/0245:32.07 2001703, 1824:32.07 northern Australia [ 1 096 +0.10

({18 04/0246:25 26 20/1/03, 18252526 northem Australia [ 2 078 £ 0.08

87 05/0953:20 39 2271003, 01322939 Argentina 5 1 WAk

&7 05/1014:15 89 22/1/03, 0153:15.89 central Africa 3 3 034 + 0,03

&7 051015:17.96 221703, 0154:17.96 central Africa 5 1 NiA

&7 05/1017:01 .60 227103, 01560160 central Africa 3 1 1.20 £ 0.10

“There were 20 additional suspected events not listed here.
"N/A, not available.
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Characteristics of lightning, sprites, and human-induced

emissions observed by nadir-viewing cameras
on board the International Space Station

Thomas Farges' and Elisabeth Blanc'

'CEA, DAM, DIF, Arpajon, France
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JOURNAL OF GEOPHYSICAL RESEARCH: SPACE PHYSICS, VOL. 118, 454461, doi:10.1029/2012JA018144, 2013

Color pictures of sprites from non-dedicated observation on board
the International Space Station

Augustin Jehl,' Thomas Farges,' and Elisabeth Blanc'

alida ) ohaia (e, 7 s 00 A4S aialISprites wasd led b Sl g cliadll ol g ) Ji8 (e ddalilal] ) gl
AL Gllaadlall J) AlaYh ) sall 8 7 s o TLE s3) @8Y) sai g G phad( suaml) (1) ildaa Bl
e cu B e phae o s daul 0 3S aISprites




Crew Earth Qbservations

550
Wavelength (nm)

6l

b.

C.



https://eol.jsc.nasa.gov/Videos/CrewEarthObservationsVideos/

Jehl et al. (2013)
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New color images of transient luminous events from dedicated @Cmmﬂ(
observations on the International Space Station

Yoav Yair #*, Lior Rubanenko b, Keren Mezuman b, Gal Elhalel L’, Meidad Pariente €,
Maya Glickman-Pariente €, Baruch Ziv ?, Yukihiro Takahashi", Tomohiro Inoue©

* The Open University, Department of Natural Sciences, Ra'anana 43107, Israel
b Tel-Aviv University, Atmospheric, Geophysical and Planetary Sciences, Tel-Aviv 69978, Israel
¢ Spacecialist, Hod-Hasharon, Israel

4 Hokkaido University, Department of Cosmosciences, Sapporo 001-0021, Japan
® NHK, Japan Broadcasting Corporation, Tokyo 150-8001, Japan
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JAXA astronaut Dr. Satoshi Furukawa observed from the Cupola window in the
ISS and directed the camera toward visible lightning activity according to the
pre-planned viewing angle: nadir, oblique or limb. Filters and lenses were pre-

Aatarmined in +the IEDI maccacae
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Profuse activity of blue electrical discharges = RESEARCH LETTER JAGU
at the tops of thunderstorms 10-1002/2016GLO713T1 '

Olivier Chanrion' ", Torsten Neubert' |, Andreas Mogensen'?, Yoav Yair®> |, Martin Stendel® "/, GeOPhYSICa| Research Letters
Rajesh Singh’ |, and Devendraa Siingh®
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Significant Weather (SIGWX)

Doc#  Current Previous Region Product Issued Updated
2101 | GIF | PDF | GIF | PDF |US +12/24 hr SIGWX for SFC-FL240 00/06/12/18 08442
2103 | GIF | PDF | GIF | PDF |EUR-SAM (B) +24 hr SIGWX for FL250-630 00/06/12/18 12462
2104 | GIF | PDF | GIF | PDF |EUR-AFR (C) +24 hr SIGWX for FL250-630 00/06/12/18 12462
2105 | GIF | PDF | GIF | PDF |EUR-C ASIA (D) +24 hr SIGWX for FL250-630 00/06/12/18 12462
2106 | GIF A PDF | GIF | PDF |ASIA-AUS (E) +24 hr SIGWX for FL250-630 00/06/12/18 12462
2107 | GIF | PDF | GIF A PDF |EUR-ASIA (G) +24 hr SIGWX for FL250-630 00/06/12/18 124627
2108 | GIF | PDF | GIF | PDF |NAM-EUR (H) +24 hr SIGWX for FL250-630 00/06/12/18 124627
2109 | GIF | PDF | GIF | PDF |S AFR-AUS (K) +24 hr SIGWX for FL250-630 00/06/12/18 124627
2128 | GIF | PDF | GIF | PDF |PACIFIC (M) +24 hr SIGWX for FL250-630 00/06/12/18 12532
2129 | GIF A PDF | GIF A PDF |AMERICAS (A) +24 hr SIGWX for FL250-630 00/06/12/18 12532
2130 | GIF A PDF | GIF | PDF |AMER-AFR (B1) +24 hr SIGWX for FL250-630 00/06/12/18 12532
2131 | GIF | PDF | GIF | PDF |PACIFIC (F) +24 hr SIGWX for FL250-630 00/06/12/18 12537
2132 | GIF | PDF | GIF | PDF |N ATLANTIC (H) +24 hr SIGWX for FL250-630 00/06/12/18 12532
2133 | GIF PDF | GIF | PDF |N PACIFIC (I) +24 hr SIGWX for FL250-630 00/06/12/18 2534
2134 | GIF | PDF | GIF | PDF |S PACIFIC (J) +24 hr SIGWX for FL250-630 00/06/12/18 12532
2135 | GIF | PDF | GIF | PDF |N ATLANTIC +24 hr SIGWX for FL100-450 00/06/12/18 12527
Page loaded: 13:06 UTC | 06:06 AM Pacific | 07:06 AM Mountain | 08:06 AM Central | 09:06 AM Eastern

ADVISORIES FORECASTS OBSERVATIONS USER TOOLS ABOUT US

s SIGMET s Icing » Aircraft Reps * Flightpath Tool * AWC

s G-AIRMET * Winds/Temps * METARS * HEMS Tool * Help

s Center Weather * Prog Charts . Eada“r" s Text Data Server . EAQ.

https://www.aviationweather.gov/flightfolder/products?type=sigwx

44



N'OVIANIX'A NTAXINN AT AN 7Y TN

https://omniweb.gsfc.nasa.gov/vitmo/cgm.html
Corrected Geomagnetic Coordinates and IGRF/DGRF Model Parameters

This service enables computation of a set of the main geomagnetic field model parameters and transformation from the GEOcentric spherical (geographic) coordinates to the Corrected
GeoMagnetic (CGM) coordinates and vice versa. The algorithm is solely based on the DGRF/IGRF geomagnetic field models for Epochs 1900-2020. The B-min approach is applied to calculate
CGM coordinates through the near-equator area where the definition of CGM coordinates is invalid. However, GEO <--> CGM transformations are not performed at certain regions where the
CGM equator cannot be defined at all.

The following output parameters are calculated:

» GEOCENTRIC, CGM, and footprint coordinates of a given point

* DGRF/IGRF magnetic field components H (nT), D (deg.), and Z (nT) at this pointand its conjugate point

*» Geocentric and CGM coordinates of the magnetically conjugate point and the magnetic field line footprint

* DGRF/IGRF magnetic field components H (nT), D (deg.), and Z (nT) at footprint point and its conjugate point

* Apex of the magnetic field line: the point at a maximum distance

* UT at time when given point is at midnight (MLT)

* Meridian_angle: the azimuth along a great-circle arc to the North (South) CGM pole measured from the geographic North (South) meridian; positive to East (West)
» Oval angle: the angle between local tangents to the CGM and geographic (geocentric) latitudes;

[@ Brief Description of CGM and Associated MLT Definition

% Select input parameters é js-‘-“‘ 4= }3-‘ “-‘,.3-9 D) ddale dﬁ
Year (from 1900 to 2020): (2000 | 3]« s viaal (I |
Altitude above the 1-Re surface (km) [from 0. to 40000.]: | 100. ‘-A‘ LGJ\AJ) 2 . ‘ \; b :

Geocentric ‘ alaay) 44318
Latitude/Longitude below specified in: CGM

Latitude (degrees) [from -90. to -20. or from 20. to 90.]: Longitude (degrees) [from 0. to 360.]:

¥Profile parameters:

Height km [ 0 - 40000] v|Start[100.  |Stop1000.  |Stepsize[s0. |

Note: Number of points in profile should not exceed 50 (N <=50).
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http://realearth.ssec.wisc.edu/?products=GLM.100&center=22.59822176934283,-96.82421875&zoom=3&width=2022&height=1223&timeproduct=GLM&timespan=-12t&animationspeed=99.210526315789&animate=true
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https://youtu.be/-yoHzm7NLV4
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Target 4 TLEs above Mariana Island Quality ***
Day 2015/07/07 Nightime.

Start Time 187/19:57

End Time 187/20:01

ISS Site Target on STBD side, moving toward horizon

Pointing Start Az: 130.5° EI-504°

End Az 171.3° EI-20.3°
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