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“If the electric moment of a cloud is not tfoo small,
there will be a height above which the electric
force due to the cloud exceeds the sparking limit.”

C.T.R. Wilson, Proc. Phys. Soc. Lond., Vol. 37, P. 32D,1925
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The family of fransient luminous events (TLES)

* Elves:

— Rings of emissions at lower edge of
the ionosphere

— 1-10 ms duration

— _ — Stimulated by electromagnetic pulse
' ' % from lightning
g 2 Red Sprite 8 | — Primarily red
g 2 ' - Sprites:
= S

— Luminous emissions in the mesosphere

— 10-100 ms duration

— Generated from positive cloud to

ground (+CG) lightning

— Primairily red
* Blue jets:

— Injected from cloud tops
S ’ ) — 100-1000 ms duration

Temperature 2 e i — Generated with or without CG activity

' — Primarily blue

Electron

Density
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Blue Jet

Stratosphere

[Neurbert 2003]
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TLE-global occurr

ence distribution

ISUAL observations (Chen et al. 2008)
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Global distribution of lightning April 1995-February 2003 from the combined
observations of the NASA OTD (4/95-3/00) and LIS (1/98-2/03) instruments

Lightning activity (Christian 2003)

global rate 40/second

E. Arnone 28 April 2010

150

| e

£
w0 10" 190%™ 1™ 192F ot ‘IGIE 10'e ‘Iﬂ'ul:fl'j'lﬁ"kma:l
H 10 15 ah a5 a0 {cy

Figure 3. The global occurence density of majoe TLEs: () sprites snd glgandie jois (geantic jok e
marked by rod filled eirele), (h) elves, and (&) halos. The mean ses surfsce tempersture hetwesn July 2004
andl December 2005 & displayed in Figune 3d for comparison. {Deta Souree: PODAAC, IPL)

Sprite global rate: 3/minute (Ignaccolo et al. 2006)

Observation of TLEs and their impact on the chemistry of the atmosphere - 8" AGILE workshop, Bologna, Italy



TO4Y-OO-S0.00

All'w
Eurosprite low light
camera system installed

o
B . | Sprite Spectra 07/16 05:16 UT
AT
at Pic du Midi (Pyren | s T
Sy U Midi (Pyrenees ] e
o s e | 5 )
=R e L i
i erees a . ; Na 1P @) 63, 6.4
E |
H N2 1PS o, @), W 4 | wewaeo
H I |
= - h | |
o ; f |
| e Y
3 .l
5000 5500 6000 6500 7000 7500 8000
‘Wavelength (Angstroms)



ol

Shiezka.
Altitude: 1602
Latitude: 50 42' N

 Longitude: 07 42'E
‘[.

Latitu@e: N Longityde: 0§84’ . .
Longitude: L = RIS ARSI

Ty

.

Sierra Nevada J _ ) ) : ' ey 5

o
i Altitude;
Altitude: e ; - -
: i ¥y ) Latiferde:
Latitude: . - ﬂld
Longitudés g _ Longitude:

E. Arnone 28 April 2010 Observation of TLEs and theirimpact on the chemistry of the atmosphere - 8" AGILE workshop, Bologna, Italy



niezka
Altitude: 1602
Latitude: 50 42' N
~ Longitude: 07 42'E

' Latltlde
Longitude:

Altitude:
Latitude:
Longitudés



Sprite radio and infrasound signals
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Blue Jets, Gigantic Jets and Elves

Elve over South Pacific

Space

Ellve
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Lightning in
Earth Thunderstormtop

Lyons et al 2003
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Sprites

Ionosphere
Ed

Before +CG ~ 1-10 ms after +CG

Time

Telescoping images of
a bright sprite event
[Gerken et al. 2000]

Sprites are thought to be
dold plasma streamers
gorresponding to the first
ODhase of gas breakdown
(Pasko 1998).

The measured streamer
diameters are ~100 to
200 m, at altitudes

60 - 85 km.
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Sprite high speed video recording

b

t=1.66ms | t=2.06ms t=2,66 ms t=3.06 ms

it

[Cummer et al., Geophys. Res. Lett., 33, L04104, 20006
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Sprite streamer development

Ebert et al. 2008
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Figure 5. Simplified positive sprite streamer based on kinetic considerations and the observations
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Sprites and' NO,

NO_ increase induced by TLEs:
- NO, increase expected because of air plasma

processes

« 2 orders of magnitude due to sprites, Lyons and
Armstrong 1997

* 10% local increase by 1 blue jet, Mishin 1997

* suggestion of chemical impact, Stenbaek-Nielsen et
al. 2000

* Local changes, e.g. Armstrong 2000, Sentman et al.
2000, Hiraki et al. 2004, Enell et al. 2005

* No global signature, Arnone et al. 2005

Sprites
% hoEhatingand of o
ionization

)

. PP_FP/I -

Tonosphere By -
4 ™ oF
S R4

L8 e X
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Sprites and' NO,

NO_ increase induced by TLEs:
« NO_ increase expected because of air plasma

processes
2 orders of magnitude due to sprites, Lyons and
Armstrong 1997

* 10% local increase by 1 blue jet, Mishin 1997

* suggestion of chemical impact, Stenbaek-Nielsen et
al. 2000

* Local changes, e.g. Armstrong 2000, Sentman et al.
2000, Hiraki et al. 2004, Enell et al. 2005

* No global signature, Arnone et al. 2005

2008/2009

Models: tfens to hundreds of % within streamer at 70-kKm i

height - modelling by Enell et al., Sentman et al., Hiraki T BN =

et al., Gordillo-Vazquez | Wt g
Observations: S

* tens of percent at 50-60 km height above

thunderstorms — satellite local correlation by Arnone e
+CG

al.
* no global signature — satellite climatological work by Before 406 - L0meaersCG = Dsecafter 406G
Rodger et all. (Pasko etal. 1997) Time EEE)>
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Observing TLE chemistry:

Sprites:

* Direct sprite
observations:
EuroSprite campaigns
2003-2009

Sprites
% BOE heatingand of

Y o a .

i MIPAS and GOMOS
o onboard ENVISAT

Lightning: Global lightning
detection networks (WWLLN)

* A global network of lightning

+CGs: location VLF sensors

L |.‘OCO| (I’rohqn) * ~ 1% efficiency on lightning stroke

lightning detection detection (strongest strokes) but
network, LINET - CES| detection of most thunderstorms
(Jacobson et al. 2006)
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Using lightning as a thunderstorm/sprite proxy

L]
e

Observations of sprite chemistry - MIPAS NO, at 52 km ppby

(Arnone et al 2008, 2009): o . o
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Conclusions

* Thunderstorm activity in the troposphere can initiate TLEs and TGFs.

* TLEs: Blue jets (15-40 km, 100-1000 ms) are the upward analogous of
lightning, sprites (40-90 km, 10-100 ms) are produced by electric field
changes above the thundercloud, while elves (90 km, 1-10ms) are caused
by the EM pulse propagating from a lightning stroke.

* Recent research shows sprites and other TLEs can exert a local impact on
the atmospheric chemistry, especially through production of NOx.

* Models predict tens to hundreds of percent change within sprite streamers.

* Use of satellite measurements to study TLE-induced chemical perturbations:

Feasible for persistent changes (e.g. in NO,) but transport issue

Difficult for direct emissions because of short coincidence window: need coupled
observations (ASIM)

* Use of MIPAS2D showed anomalous local enhancements of NOx in regions
of sprite activity. Seeking more coincidences. MIPAS2D data available to

end users.
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