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After the intense ripple activity a “ladder-type” wave pattern, similar to that observed by Taylor et al.,
(1995b), was seen on the zenith extending perpendicular to the bands as shown in Figure 2. This pattern had a
horizontal wavelength of 14.3 + 0.2 km and an apparent period of 10 minutes and moved towards SE. Ladder
patterns are transient features that are thought to be due to superposition of two band-type waves propagating with
slightly different angles (Taylor et al., 1995b).

Fig. 1 — A) All sky image of the OH (715-930 nm) emission taken on July, 13 at 23:23 UT (20:23 LT). At NE and SW Ripple

activity is shown. B) OH image for July, 14 at 01:24 UT (23:24 LT on July,13) showing band structure extending over the
whole image and moving from NE towards the SW.

Fig. 2 — OH image for July,13 at 21:20 LT showing a “ladder-type” wave pattern. Short wavelength structures from SW to NE
appear between bands extending from NW to SE.

Figure 3 shows an unwarped pair of OI and OH images projected onto a geographic grid of 512 x 512 km
(with pixel resolution of 1 km). The images show a faint yet distinct “bore-like” front extending along the E-W
direction. The bore-like event first appeared towards the south at 23:28 LT and ended by crossing the entire sky
around 24:18 LT. Bores-like events are characterized by a sharp “front” and often exhibit a contrast reversal of
brightness between the OH and OI emissions. The wave train behind the front in the frame is more distinct for OI
(Figure 3 left). It has a mean horizontal wavelength of 23 km and a horizontal phase speed of 70 m/s, with a period
of 5.47 min. These results are very similar to those observed by Taylor et al., (1995a) but the contrast reversal is in
the opposite sense.
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4. DISCUSSION
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From the OI and OH all sky images on the night of July 13, 1999, we observed a series of wave-like events,
starting with ripples, progressing to band structure, ladder type, growing up to the band and bore type wave front.
From these waves, however, it is difficult to conclude whether these waves are traces of several gravity wave
passages or the consequence of wave-wave interaction or further wind-wave interaction. For further investigation,
the airglow zenith observation results are plotted in Figure 4. A description of the zenith photometer and how the
temperatures are determined is given by Takahashi et al. (1974) and Takahashi et al. (1986). Nocturnal variations
of the OI, OH and O, intensities, and the OH rotational temperature are shown.

=

Fig. 3 - Unwarped pair of OI (left) and NIR OH (right) images projected onto a geographic grid of 512 x 512 km (with pixel
resolution of 1 km). Times of the images are 03:04 UT(00:04 LT) for OI and 03:08 UT (00:08 LT) for OH
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Fig 4 - Nocturnal variations of the OI, 0,(0,1), OH(6,2) and
temperatures with local time
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Prior to the bore-like event at around 24:00 LT the
intensity of O, and OH decreased considerably (~30-70
%). The decrease occurred first in OI (97 km) at 20:30
LT and O, (94 km) at 22:30 LT and then the OH (87
km) at 00:30 LT, indicating that the phase of the
minimum was shifting to lower heights. The O,
temperature decreased dramatically, ~50 K during this
period but with an apparent phase shift of ~30 min
leading the intensity perturbation. A similar variation
but with lower amplitude of decrease was observed in
the OH intensity and temperature perturbation about
~1.5 hrs later. These facts suggest the passage of a
large-scale gravity wave, with a period much longer
than =3 hours, and a phase propagating downwards
through the emission heights. It should be noted that at
around 00:30 LT when the bore-like wave front was
observed in the images, the OI and OH intensities
showed their maximum and minimum, respectively, and
the O, intensity was in the middle of the ascending
phase. The anti-phase variation of OI and OH suggests
that the vertical wavelength of this event should be
longer than 10 km (vertical distance between the two
emissions). Superposed on the large amplitude
variation, short period (< 1 h) oscillation patterns can
be seen in the OH and OI variations before midnight.
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These correspond to the band structures observed in the image observation.

Figure 5 shows meteor radar wind profiles for 13 - 14 July, 1999. Meridional and zonal winds between 23:30
LT and 01:30 LT showed a strong shear structure. Note that the bore-like wave front passed the local zenith at
around 00:20 LT.
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Fig 5 — Meteor radar wind profiles for every hour from 13 to 14 July, 1999.
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Fig. 6 - Sodium density for the night 13-14 July, 1999. Scale levels are given in 1000 cm-3.

If we consider 87 km as the center of the OH emission layer, the total wind at 23:30 LT at this height is 44.2
m/s towards SW, which is almost opposite to that of the OH front direction. This is consistent with the “bore”
hypothesis presented by Dewan and Pickard, (1998). Unfortunately at the OI height (~97 km) wind data are not
available between 22:30 LT and 24:30 LT.

Simultaneous Na lidar measurements (from Sdo José dos Campos) showed a strong sporadic sodium event
during the period when the bore was observed. The Figure 6 shows the sodium density map for the night of 13-14
July, 1999. Scale levels are given in units of 1000 cm™. Note that around 21:10 LT the layer presented a small
sporadic peak at 96 km and another peak at 84 km. The top side peak grew as it dropped to 92 km, at the same
time, the lower peak disappeared at 23:45 LT. At around this time the layer shape changed, with the sodium almost
disappearing below 85 km, and the sporadic peak moved further downward and the density increased at the topside
of the layer. These facts suggest that there was a strong gravity wave event with a period of more than 4 hours and
its phase propagating downward with a velocity of about 1.5 kmv/h, which is consistent with the photometer results.
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5. SUMMARY

We have presented preliminary results of the airglow O, OH and O, image observation carried out on the
night of 13 July 1999. The images revealed 4 different types of events during the night, i. e., ripples, bands, ladders
and bore-like. During the zenith OI intensity increasing phase and the zenith OH intensity decreasing phase, ripple
and band structures appeared. The bore-like front was observed when the OI and OH reached their maximum and
minimum intensities, respectively. The O, temperature decreased dramatically, ~40-50 K during this period, but
with the temperature leading by ~30 minutes the intensity perturbation. Meteor radar wind profiles (80-100 km)
showed meridional and zonal wind shears during the passage of the bore. The NaD lidar measurements showed a
strong sporadic sodium event shifting downwards during the period when the bore-like event was observed. All of
these data suggest a very strong large-scale wave progressing downwards through the MLT emission region on this

night.
ACKNOWLEDGMENTS

We gratefully acknowledge the financial support of the Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior — CAPES and the Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico — CNPq. The USU
camera and operations were supported by NSF grant No ATM-9525815.

REFERENCES

Clairemidi J., M. Herse and G. Moreels, Bi-dimensional observation of waves near the mesopause at auroral
latitudes, Planet. Space Sci., 33, 1013-1022, 1985.

Clemesha B. R., Sporadic neutral metal layers in the mesophere and lower thermosphere, Journal of Atmopheric
and terrestrial Physics, 57, 725-736, 1995.

Dewan E. M. and R. H. Picard, Mesopheric bores, J. Geophys. Res., 103, 6295-6306, 1998.

Fritts D. C., A review of gravity wave saturation processes, effects, and variability in the middle atmosphere,
Pageoph, 130, 3343-371, 1989.

Hecht J. H., S. R. R. Howat, R. L. Waltershceid and J. R. Isler, Observations of spectra of intensity flutuations of
the OH Meinel nightglow during ALOHA-93, Geophys. Res. Lett., 22:(20), 28373-2876, 1995.

Hines C. O., Internal tmospheric gravity waves at ionospheric heights, Can. J. Phys, 38, 1441-1481, 1960.

Munasinghe G. H., H. Hur, T. Y. Huang, A. Bhattachyya and T. F. Tuan, Application of the dispersion formula to
long-and short-period gravity waves: Comparisons with ALOHA-93 data and analytical model, J. Geophys.
Res., 103, 6467-6481, 1998.

Peterson A. W., Airglow events visible to the naked eye, Appl. Optics, 22, 3390-3393, 1979.

Swenson G., J. Qian, J. M. C. Plane, P. J. Espy, M. J. Taylor, N. Turnbull and R. P. Lowe, Dynamical and
chemical aspects of the mesopherics Na "wall"event on October 9, 1993 during the Aiborne Lidar and
Observations of Hawaiian Airglow (ALOHA) campaign, J. Geophys. Res., 103, 6361-6380, 1998.

Takahashi H., Y. Sahay and P. P. Batista, Airglow 02 (‘Z) atmospheric band at 8645 A and the rotational
temperature observed at 23° S, Planet. Space Sci., 34, 301-306, 1986.

Takahashi H., B. R. Clemesha and Y. Sahay, Nightglow OH (8,3) band intensities and rotational temperature at 23
degreess, Planetary and Space Science, 22:(9), 1323-1329, 1974.

Taylor M. J. and M. A. Hapgood, On the origin of ripple-type wave structure in the nightglow emission, Planez.
Space Sci., 38, 1421-1430, 1990.

Taylor M. J., D. C. Fritts and J. R. Isler, Determination of horizontal and vertical structure of an unusual pattern of
short period gravity waves imaged during ALOHA-93, Geophys. Res. Lett., 22, 2837-2840, 1995b.

Taylor M. J., D. N. Turnbull and R. P. Lowe, Spectrometric and imaging measurements of a spectacular gravity
wave event observed during the ALOHA-93 campaign, Geophys. Res. Lett., 22, 2849-2852, 1995a.

Taylor M. J., M. A. Hapgood and P. Rothwell, Observations of gravity wave propagation in the OI (557.7 nm), Na
(589.2 nm) and the near infrared OH nightglow emissions, Planet. Space Sci, 35, 413-427, 1987.

Waterscheid J. H., J. H. Hecht, R. A. Vicent, I. M. Reid, J. Woithe and M. P. Hickey, Analysis and interpretation
of airglow and radar observations of quasi-monochromatic gravity waves in the upper mesosphere and lower
thermosphere over Adelaide, Australia (35° S, 138° E), Journal of Atmospheric and Solar-Terrestrial
Physics, 61, 461-478, 1999.



