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Abstract

The equatorial- low-latitude ionosphere-thermosphere system (ITS) hosts several

inter-coupled process during the daytime. Various dynamical effects due to winds

and waves affect the ITS. Further, solar forcing and geomagnetic storm effects

also modulate the low-latitude ITS coupling. The varying nature of these dynam-

ics in response to different geophysical conditions bring in complexities in these

coupled processes, which result small and large scale variations in the behavior

of the ITS, both in temporal and spatial domain. Even though, investigations of

the wave characteristics in spatial domain of the ITS have been carried out over

several decades for nighttime conditions, such investigations during the daytime

are in a state of infancy. Therefore, systematic investigations of the wave char-

acteristics for daytime conditions are essential in order to gain a comprehensive

understanding of the ionospheric and thermospheric system.

The optical dayglow emission intensity variations can be used as tracers of

the neutral dynamical variations that exist at the altitudes of their origin. In

the present thesis work, by using a high spectral resolution large field-of-view

spectrograph, MISE, we have obtained the neutral oxygen dayglow emission in-

tensities at three wavelengths (OI 557.7, 630.0, and 777.4 nm) from Hyderabad,

a low-latitude location in India. These emissions are considered to originate from

altitudes around 130, 230 and 300 km. The dayglow emissions are used as the

primary data set for the investigations carried out in this thesis work.

The dayglow emission intensity patterns showed both symmetric and asym-

metric diurnal behavior with respect to local noon. Considering purely photo-

chemical nature of the production mechanisms of the dayglow, the asymmetric

diurnal behavior is not expected and hence, it is clear that transport processes

play a role. The extent of asymmetric behavior in the dayglow emission intensity

is characterized in terms of Asymmetricity in Time (AT), which is the product

of difference in time of occurrence of peak intensity and local noon and the ratio

of intensities at the peak and local noon. The days with AT ≤ 0.4 h and AT

> 0.4 h are considered to be the days with symmetric and asymmetric diurnal

behavior in the emission intensities, respectively. Comparing the roles of neutral
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winds and the EEJ strengths on the days with AT > 0.4 h, it is conclusively

shown that the dayglow emission intensities over the off-equatorial thermosphere

are predominantly affected by the equatorial electrodynamics. It is also noted

that this asymmetric diurnal behavior in the neutral emission intensities has a

solar cycle dependence with more number of days during high solar activity pe-

riod showing larger AT values as compared to those during the low solar activity

epoch.

Periodogram analyses of the dayglow emission intensity have been carried out

at all the three emission wavelengths in three distinctly different directions (west,

zenith and east) which are separated by 30-80 depending on the altitude of day-

glow emissions. Presence/absence of the time periods with similar values in these

three directions indicates the non-existence/existence of longitudinal differences

in the gravity wave (GW) features suggesting to a common/different source driv-

ing the waves at these locations. The non-existence of the similar time periods

on the days with asymmetric diurnal behavior was attributed to the stronger

equatorial electrodynamics. Moreover, GW features in terms of the zonal scale

sizes and propagation directions also show different behavior on the days with

and without the existence of longitudinal differences in the equatorial processes.

Thus, our results show, for the first time, that there exist longitudinal variations

in the equatorial electrodynamics in as small separations as 30-80.

Variations in the dayglow emission intensities have been investigated for three

geomagnetic disturbances that occurred in different seasons. It is found that the

dayglow variations showed similarity with the variation of O/N2 during geomag-

netic disturbances that occurred in solstices. However, during the equinox, the

dayglow showed similar variations with that of the EEJ strengths. Taken to-

gether, this shows the dominance of the equatorial electric field over the storm

influenced neutral wave dynamics on low-latitude ITS during equinox times, and

the effect of neutral wave dynamics from high-latitude during solstices. Moreover,

contrasting distributions of the GW zonal scale sizes are observed on geomagnet-

ically quiet and disturbed days in different seasons. This shows that changes are

brought-in in the zonal GW scale sizes during geomagnetic disturbances irrespec-
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tive of the season of the storm occurrence.

Near-simultaneous measurements of the spatial varying dayglow along both

the zonal and meridional directions are obtained. From the wave number spec-

tral analysis of these data, the zonal and meridional component of the horizontal

waves are obtained. These values are used to calculate the horizontal scale sizes

and their propagation angles. Such measurements on the horizontal scale sizes

(in two dimensions) are first results of their kind. Moreover, these measured val-

ues have been used in conjunction with the GW dispersion relation to calculate

the plausible wave features in the vertical direction. Thus, the first three dimen-

sional GW characteristics in the daytime upper atmosphere has been derived.

This technique opens up new possibilities in the investigations of the daytime

wave dynamics.

Keywords: Dayglow, Ionosphere, Thermosphere, Upper atmosphere, Equatorial

electrodynamics, Ionospheric-Thermospheric coupling, Gravity waves, Geomag-

netic storm, Latitudinal coupling, Three dimensional gravity waves.
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Brinton (1976), The O I (λ5577 Å) airglow: Observations and excitation mech-

anisms, J. Geophys. Res., 81 (22), 3923–3930, doi:10.1029/JA081i022p03923.

Fritts, D. C., and M. J. Alexander (2003), Gravity wave dynamics and effects in

the middle atmosphere, Rev. Geophys., 41 (1), doi:10.1029/2001RG000106.

Fujiwara, H., S. Maeda, H. Fukunishi, T. J. Fuller-Rowell, and D. S. Evans (1996),

Global variations of thermospheric winds and temperatures caused by substorm

energy injection, J. Geophys. Res., 101 (A1), 225–239, doi:10.1029/95JA01157.

Fuller-Rowell, T. J., M. V. Codrescu, R. J. Moffett, and S. Quegan (1994), Re-

sponse of the thermosphere and ionosphere to geomagnetic storms, J. Geophys.

Res., 99 (A3), 3893–3914, doi:10.1029/93JA02015.



BIBLIOGRAPHY 211

Geisler, J. (1967), A numerical study of the wind system in the middle thermo-

sphere, J. Atmos. Terr. Phys., 29 (12), 1469 – 1482, doi:http://dx.doi.org/10.

1016/0021-9169(67)90100-6.

Gerrard, A. J., and J. W. Meriwether (2011), Initial daytime and nighttime

SOFDI observations of thermospheric winds from Fabry-Perot Doppler shift

measurements of the 630-nm OI line-shape profile, Ann. Geophys., 29 (9), 1529–

1536, doi:10.5194/angeo-29-1529-2011.

Gilman, D. L., F. J. Fuglister, and J. M. Mitchell (1963), On the Power Spectrum

of “Red Noise”, J. Atmos. Sci., 20 (2), 182–184, doi:10.1175/1520-0469(1963)

020〈0182:OTPSON〉2.0.CO;2.

Gonzales, C. A., M. C. Kelley, B. G. Fejer, J. F. Vickrey, and R. F. Woodman

(1979), Equatorial electric fields during magnetically disturbed conditions 2.

Implications of simultaneous auroral and equatorial measurements, J. Geophys.

Res., 84 (A10), 5803–5812, doi:10.1029/JA084iA10p05803.

Gouin, P., and P. N. Mayaud (1967), A propos de Ixistence possible dn contre

electrojet aux latitudes magnetiques equatorials, Ann. Geophys., 23, 41–47.

Goupillaud, P., A. Grossmann, and J. Morlet (1984), Cycle-octave and related

transforms in seismic signal analysis, Geoexploration, 23 (1), 85–102, doi:10.

1016/0016-7142(84)90025-5.

Grainger, J. F., and J. Ring (1962), Anomalous Fraunhofer line profiles, Nature,

193, 762, doi:10.1038/193762a0.

Greenhow, J. S. (1954), A radio echo method for the investigation of atmospheirc

winds at altitudes of 80-100 km, using radio echoes from meteor trails, Philo-

sophical Magazine, 7 (45), 471–490.

Grossmann, A., and J. Morlet (1984), Decomposition of Hardy functions into

square integrable wavelets of constant shape, SIAM J. Math. Anal., 15 (4),

723–736, doi:10.1137/0515056.



212 BIBLIOGRAPHY

Gurubaran, S. (2002), The equatorial counter electrojet: Part of a worldwide cur-

rent system?, Geophys. Res. Lett., 29 (9), 511–514, doi:10.1029/2001GL014519.

Hagan, M. E., R. G. Roble, and J. Hackney (2001), Migrating thermospheric

tides, J. Geophys. Res., 106 (A7), 12,739–12,752, doi:10.1029/2000JA000344.

Hajkowicz, L. (1991), Global onset and propagation of large-scale travelling iono-

spheric disturbances as a result of the great storm of 13 march 1989, Planet.

Space Sci., 39 (4), 583 – 593, doi:http://dx.doi.org/10.1016/0032-0633(91)

90053-D.

Hargreaves, J. K. (1992), The Solar-Terrestrial Environment, Cambridge Univer-

sity Press.

Harris, F. J. (1978), On the use of windows for harmonic analysis with the discrete

fourier transform, Proceedings of the IEEE, 66, 51–83.

Hays, P. B., G. Carignan, B. C. Kennedy, G. G. Shepherd, and J. C. G. Walker

(1973), The visible-airglow experiment on Atmosphere Explorer, Radio Science,

8 (4), 369–377, doi:10.1029/RS008i004p00369.

Hays, P. B., D. W. Rusch, R. G. Roble, and J. C. G. Walker (1978), The O-I (6300
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