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[1] Vertical coupling in the low-latitude atmosphere-ionosphere system driven by the
2-day wave in the tropical MLT region has been investigated. The problem is studied from
an observational point of view. Three different types of data were analyzed in order to
detect and extract the 2-day wave signals. The 2-day wave event during the period from
1 December 2002 to 28 February 2003 was identified in the neutral winds by radar
measurements located at four tropical stations. The 2-day variations in the ionospheric
electric currents (registered by perturbations in the geomagnetic field) and in the F-region
electron densities were detected in the data from 23 magnetometer and seven ionosonde
stations situated at low latitudes. Two features for each kind of wave were investigated
in detail: the variation with time of the wave amplitude and the zonal wave number.
The results show that the westward propagating global 2-day wave with zonal wave
number 2 seen in the ionospheric currents and in F-region plasma is forced by the
simultaneous 2-day wave activity in the MLT region. The main forcing agent in this
atmosphere-ionosphere coupling seems to be the modulated tides, particularly the
semidiurnal tide. This tide has a larger vertical wavelength than the diurnal tide and
propagates well into the thermosphere. The parameter that appears to be affected, and thus
drives the observed 2-day wave response of the ionosphere, is the dynamo electric field.
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1. Introduction

[2] The middle and upper atmosphere regions compose a
strongly coupled system in which phenomena occurring at
one height can have profound effects elsewhere. The
mesosphere/lower thermosphere region (MLT) is a critical
region in the vertical coupling since here physical processes
filter and shape the flux of waves and tides ascending
through the mesosphere into the overlaying thermosphere.
The dynamics of the MLT region dominated by atmospheric
tides, planetary, and gravity waves of large amplitudes
determine to a great extend the wind system of the lower
thermosphere. This wind system generates ionospheric

electric fields and currents through the wind dynamo
mechanism, as the electrically conducting medium is moved
through the geomagnetic field. Both the winds and the
electric fields produce plasma drifts that alter the iono-
spheric electron density distribution. Therefore the dynamo
electric fields and currents produced by the interaction
between the wind system and the ionospheric plasma
control the quiet time electrodynamic processes of the
low-latitude thermosphere-ionosphere system.
[3] If a global-scale wave with large amplitude and fairly

long wavelength propagates from the MLT into the iono-
sphere, it should cause an electric current system to be
driven with a period of the global-scale wave. This wave-
like current system produces perturbations in the geomag-
netic field that are easily measured at ground level. Then,
the day-to-day variability in the ionospheric currents
detected by ground-based magnetometer measurements,
particularly during magnetically quiet conditions, could be
due to penetration of planetary and gravity waves into the
dynamo region or to short-term tidal variability with periods
of planetary waves. Over the low-latitudes the Earth’s
magnetic field lines are almost horizontally oriented and
this leads to a condition in which the dynamo electric fields
generated by the global-scale waves play a leading role in
the associated response of the ionosphere F-region. Forbes
and Leveroni [1992] found a quasi 16-day oscillation in the
E- and F-regions of the equatorial ionosphere during
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January/February 1979, likely connected with the upward
penetration of a free Rossby mode excited in the winter
stratosphere. The wave signatures in the equatorial electrojet
over Huancayo, Peru, analyzed by Parish et al. [1994] for
an interval from early 1979 to the end of 1986 indicated that
2-, 5-, 10- and 16-day periodicities have significant ampli-
tudes and are found to persist with nearly constant periods
for intervals of days to weeks. They attributed these
periodicities to the planetary waves; however, their analysis
suggested also that nonlinear interactions between the
planetary waves and the diurnal and semidiurnal tides could
be another driving source of these oscillations. There has
been further recent interest in planetary wave forcing of the
equatorial ionosphere leading to new observational studies
by Takahashi et al. [2005], Ramkumar et al. [2005], Abdu et
al. [2006], and the review paper by Lastovicka [2006].
[4] The quasi-2-day wave is a predominant feature of the

tropical MLT region during January and early February each
year with amplitude frequently exceeding 50–60 m/s. Ito et
al. [1986] first theoretically suggested that a large-amplitude
global-scale 2-day wave can induce an electric current
system in the ionosphere through a dynamo mechanism.
Takeda and Yamada [1989], Rangarajan [1994], and
Yamada [2002] detected quasi-2-day variability in geomag-
netic field and discussed its possible relationship with the
2-day wave in the atmosphere; however, no wind measure-
ments supported their results. Gurubaran et al. [2001a]
identified the signatures of the quasi-2-day variability in the
equatorial electrojet and showed a reasonable correlation
with the 2-day wave measured by the MF radar situated
close to the geomagnetic stations. Parkinson [1982], how-
ever, in an attempt to isolate 2-day signal from the variabil-
ity of the geomagnetic field, concluded that the mesospheric
winds did not cause detectable geomagnetic effects. In
addition, simulation studies of the quasi-2-day wave by
Hagan et al. [1993] indicated that the oscillation is
extremely sensitive to the zonal mean winds and the
inclusion of a realistic stratospheric jet is accompanied by
a reduction of 2-day wave amplitudes above 100-km
altitudes. Despite of many observations reporting quasi-
2-day signatures in the ionosphere [Pancheva and Lysenko,
1988; Chen, 1992; Pancheva et al., 1994; Apostolov et al.,
1995; Forbes et al., 1997; Altadill and Apostolov, 1998], the
forcing of the ionosphere, and in particular the electric fields
and currents above 100-km altitudes by the 2-day wave
observed in the MLT region, remains an open problem.
[5] The aim of this work is to investigate the quasi-2-day

variability in the ionospheric electric currents (detected by
ground-based magnetometer measurements) and in the
maximum electron density of the ionosphere F-region at
low latitudes possibly forced by a 2-day wave present in the
MLT region. Three different types of data are analysed to
detect and extract the 2-day wave signals present simulta-

neously in: (1) the neutral winds, (2) the geomagnetic fields,
and (3) the critical plasma frequency (foF2) of the iono-
sphere F-region. The 2-day wave events are identified in the
neutral winds measured by radars located at four tropical
stations. The 2-day variations in the ionospheric electric
currents and F-region electron densities were detected in the
data from 23 magnetometer and seven ionosonde stations
situated at low latitudes (from 30�N to 30�S). Our study
focuses on the interval from 1 December 2002 to
28 February 2003. Our intent is to look for correlations
between the 2-day wave in the MLT winds and the 2-day
variability in the geomagnetic field and foF2 in order to
evaluate whether these three oscillations are interrelated.
Two properties are investigated for each data set: the
variation with time of the wave amplitude and the zonal
wave number.

2. Quasi-2-Day Wave in the Tropical MLT Region

[6] It is known that the quasi-2-day wave can attain large
amplitudes, as large as 80–90 m/s, particularly in the
meridional wind component of the equatorial MLT region.
That is why the global features of the 2-day wave during
December 2002 to February 2003 are investigated using
only meridional wind measurements at four stations: Maui,
Rarotonga, Cachoeira Paulista, and Ascension Island.
Table 1 lists the radar locations, type, and available data.
We note that the 2-day wave activity over Rarotonga is
identified by combined measurements made by MF radar
between 2 December 2002 and 20 January 2003 and later
by meteor radar which began regular observations on
23 January 2003. The data from Ascension Island are used
as supplementary measurements because they cover only
part of the investigated time interval, or 13 January to
17 February 2003. The waves studied in this paper were
found to be highly dynamic with amplitude and phase
changes over relatively short timescales. A detailed descrip-
tion of the methods used for analysis of such waves can be
found in the work of Pancheva et al. [2004a, 2004b]. A
Morlet wavelet transform was performed on the hourly
mean data in order to investigate the temporal behavior of
the quasi-2-day wave. The wavelet spectra were calculated
in the period interval between 4 and 96 hours. Figure 1
shows the wavelet spectra at 90 km altitude for the four
stations and the basic features of the 2-day wave event can
be summarized as follows: (1) the 2-day wave appears in
late December (around 25 December), peaks at most of the
stations between 10 and 25 January, and persists until early
February (it disappears around day number 70); actually, the
2-day wave over Maui and Rarotonga disappears a few days
earlier than that over Cachoeira Paulista and Ascension
Island, (2) the 2-day wave activity consists of several bursts
with periodicity of 6–8 days, (3) the largest amplitudes at

Table 1. Geographic Locations of the MLT Radars and Periods of Measurements

Station Instrument Location Period of Measurements Height Range

Maui, Hawaii Meteor radar 20.8�N, 156.2�W 01 Dec–28 Feb 81–99
Rarotonga MF radar 21.2�S, 159.8�W 02 Dec–20 Jan 82–98
Rarotonga Meteor radar 21.2�S, 159.8�W 23 Jan–28 Feb 82–98
Cachoeira Paulista Meteor radar 22.7�S, 45�W 03 Dec–28 Feb 81–99
Ascension Island Meteor radar 7.9�S, 14.4�W 13 Jan–17 Feb 81–97
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