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Identification of sprites and elves with intensified video
and broadband array photometry
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Abstract. Confusion in the interpretation of standard-speed video observations
of optical flashes above intense cloud-to-ground lightning discharges has persisted
for a number of years. New high-speed (3000 frames per second) image-intensified
video recordings are used along with theoretical modeling to elucidate the optical
signatures of elves and sprites. In particular, a brief diffuse flash sometimes observed
to accompany or precede more structured sprites in standard-speed video is shown
to be a normal component of sprite electrical breakdown and to be due entirely
to the quasi-electrostatic thundercloud field (sprites), rather than the lightning
electromagnetic pulse (elves). These “sprite halos” are expected to be produced by
large charge moment changes occurring over relatively short timescales (~1 ms),
in accordance with their altitude extent of ~70 to 85 km. The relatively short
duration of this upper, diffuse component of sprites makes it difficult to detect and
to discriminate from elves and Rayleigh-scattered light using normal-speed video
systems. Modeled photometric array signatures of elves and sprites are contrasted
and shown to be consistent with observations. Ionization in the diffuse portion
of sprites may be a cause of VLF scattering phenomena known as early/fast VLF

events.

1. Introduction

Classification of high-altitude optical flashes caused
by tropospheric lightning as “sprites” and “elves” has
been guided as much by theorized physical causes as it
has by distinct sets of observed phenomena. The elec-
tric field which causes heating, ionization, and optical
emissions in sprites is caused by the charge moment
changes (e.g., 250-3250 C-km in the work of Cummer
and Inan [1997]) associated with the movement of large
thundercloud charges, usually in association with in-
tense positive cloud-to-ground lightning. In contrast,
the electric field causing heating, ionization, and op-
tical emissions in elves is that of an electromagnetic
wave which is launched by, and occurs in proportion to,
changing current moments associated with very impul-
sive (>60 kA) return stroke currents [e.g., Barrington-
Leigh and Inan, 1999]. As a result, elves last no longer
than ~1 ms, while the durations of sprites vary greatly,
ranging from a few to many tens of milliseconds.
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1.1. High-Speed Array Photometry

Owing to their fleeting (<1 ms) existence, elves have
been somewhat harder to study optically than have
sprites, whose lifetime is more on par with the expo-
sure time of standard video fields (~17 ms). Never-
theless, a predicted telltale signature of elves was dis-
covered using a horizontal array of high-speed (~30 us
resolution) photometers, the “Fly’s Eye” [Inan et al.,
1997]. By aiming well above the ionospheric D region
overlying a strong lightning cloud-to-ground (CG) re-
turn stroke, this array is used to unambiguously iden-
tify optical emissions (elves) due to a lightning-launched
electromagnetic pulse (EMP). An example is shown in
Plate 1; on the basis of the short (~150 us) delay be-
tween the reception of the return stroke’s radio pulse, or
“sferic” (dashed curves), and the reception of the first
phiotometric signature from the ionosphere, the optical
emission can be located to be hundreds of kilometers
from the lightning. This timing constrains the physical
mechanism to be one involving speed-of-light propaga-
tion only [Inan et al., 1997).

All elves events as identified by the Fly’s Eye have
been found in direct association with the sferic signa-
ture of a CG. Furthermore, the timing always indicates
that the elve is caused by the CG rather than by any
associated sprite.
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Plate 1. Geometry for photometric observations of
elves at 500-900 km range from a cloud-to-ground (CG)
lightning stroke. Of the two VLF /optical paths shown,
the one seen by the observer (situated at Langmuir Lab-
oratory, LL) at a higher elevation angle is shorter. Light
from this path arrives ~150 us after the radio sferic but
before light from the longer, lower elevation path. The
lightning storm is beyond the observer’s horizon, which
is indicated by the straight dashed line.
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Plate 2. Distinctive signatures of elves (with onset
delay and dispersion) and scattered light (with neither)
as seen in the Fly’s Eye. The relative fields of view of
the narrow (P1-P9) and broad (P11) photometers are
shown in Plate 4.
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Plate 3. Horizontal extents of optical emissions in 38
elves from one mesoscale convective system observed
over northwestern Mexico.
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Plate 4. (a) Figure from Barrington-Leigh and Inan
[1999], showing what was at the time thought to be the
video signature of a (—CG) elve. In retrospect, and
based on the discussion in the present paper, this dif-
fuse glow is not an elve but is instead the “sprite halo”
produced entirely by quasi-electrostatic (QE) heating.
(b) The photometric signature of elves, not apparent in
the video, was also seen for this event.






