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Abstract. 
The statistical global view of the low-latitude ionospheric density stimulates further
interest in studying the strong longitudinal variability of the ionospheric density
structures in low-to-equatorial latitudes. However, we are not completely certain how the
electrodynamics and ion-neutral coupling proceeds at low latitudes; in particular, the
longitudinal difference in the dynamics of plasma structures in the low-to-mid latitude
ionosphere is not yet fully understood. Numerical studies of latent heat release in the
troposphere have indicated that the lower atmosphere can indeed introduce a
longitudinal dependence and variability of the low-latitude ionosphere during quiet
conditions. For the first time, we present simultaneous observations of the tidally
modulated global wind structure, using TIDI observations, in the E-region and the
ionospheric density distribution using ground (global GPS receivers) and space-based
(C/NOFS in situ density and GPS TEC on CHAMP) instruments. Our results show that
the longitudinally structured zonal wind component could be responsible for the
formation of wave number four pattern of the equatorial anomaly.


1. Introduction
The plasma in the low-latitude ionosphere between ±30° magnetic latitude exists entirely on closed field lines and so is relatively cut off from magnetospheric and solar-wind drivers compared to mid- and high-latitude regions of the ionosphere. Most frequently, the highly populated plasma density in this region, which may be about two-thirds of all of the plasma in geospace, can become a disturbed space environment and disrupt the detection and tracking of aircraft, missiles, satellites, and other targets, distort communication and navigation, and interfere with global command, control, and surveillance operations. The plasma in the low and equatorial latitudes is disturbed or redistributed by transport mechanisms that form enhanced density located several degrees to either side of the magnetic equator, forming the equatorial ionization anomaly (EIA). The vertical drift (primarily 
	
		
			
				𝐄
				×
				𝐁
			

		
	
 drift) is the primary plasma transport mechanism at low-to-equatorial latitudes. There are few cases reported on the night side [1, 2] as the EIA formation process is predominantly active on the dayside. 
In the evening sector, when the conductivity becomes stronger at the terminator, the plasma redistribution is intensified again, forming a stronger EIA structure known as the prereversal enhancement. The redistribution of plasma occurs both during disturbed and quiet periods. During magnetically quiet periods, the tidal wind motions in the dayside E-region, which drive dayside Pedersen currents that produce charge build-up along the terminator, serve as the main source of dayside eastward electric field or vertical 
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 drift ([3] and the references therein). The question is, for the same local time sector, why does the plasma redistribution process behave differently from one longitudinal sector to the other? There is clear evidence that the formation of the global wave number-four structures, which is believed to be due to the different vertical 
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 drift magnitude at different longitudes, in the longitudinal density distribution. Since Sagawa et al. [4] reported the formation of the four cells for the first time, different groups have continued to report the existence of the global wave number-four structures using observations from different instruments. For example, studies using IMAGE-FUV [3, 5], TIMED GUVI [3], TOPEX altimeter TEC [6], COSMIC occultation density [7, 8], CHAMP [9] and ROCSAT-1 [10] satellite in situ electron densities, and ground-based global total electron content (TEC) maps [1] are among those that have reported signature of global wave number-four. However, these longitudinal four-cell patterns cannot be explained by factors such as F-region wind, magnetic field strength, or the offset between magnetic and geographic equators. Instead, this longitudinal variation has been attributed to the solar thermal tides, excited by latent heat in the troposphere [11, 12], which are considered to modify the wind-driven E-region dynamo which in turn modifies the ionospheric 
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 drifts [5]. The longitudinal variation in the heating from ozone and water vapor due to land-sea differences and topography and nonlinear interaction between the migrating tide and gravity waves [13] could be considered additional sources for eastward propagating nonmigrating tides with zonal wave number 3 (De3), which is considered to be the possible cause for the formation of these longitudinal four-peaked structure [5, 12].
Even though modeling results [9] and indirect estimation from the CHAMP accelerometer measurements [14] show the existence of longitudinal four-peaked structure on the neutral wind velocities, no observational evidence indicating the existence of wave number four structures in the neutral wind has been presented so far. Since the E-region dynamo is driven by the neutral winds at E-region altitudes (see [15] and references therein), experimental observations of the neutral wind that demonstrates the formation of the four-peaked structures could strengthen the suggestion mentioned above, namely, that any tidal changes in the strength of the winds are responsible for the formation of longitudinal modulation of the E-region dynamo fields, which then causes the creation of the wave number-four structures often observed in the ionosphere.
In this paper, for the first time, we show clear evidence from TIMED TIDI observations that the longitudinal/local time modulation of the winds forms longitudinal four-peaked structures that move to the east as altitude increases. At the same time both ground-based GPS TEC, C/NOFS in situ density, and CHAMP topside GPS TEC show similar longitudinal four-peaked structures. At the same time the neutral wind also forms four-peaked structures. However, the neutral wind peaks are out of phase by nearly 180° with the peaks of the ionospheric density distributions. Therefore, these simultaneous analyses of neutral wind signatures and in situ and GPS TEC observations of the EIA offer intriguing opportunities for new studies of the equatorial ionosphere, especially in understanding the physics of the wave number-four structure and its formation mechanisms.
2. Instruments and Data Analysis
2.1. TIDI Wind Measurement
The TIMED Doppler Interferometer (TIDI) is a wind-measuring instrument designed to investigate the dynamics of the Earth’s mesosphere and lower thermosphere-ionosphere (MLTI) from an altitude of 70 to 120 km. The TIMED satellite orbits at an altitude of 625 km and the orbital inclination is 74.1°; TIDI measures the horizontal vector wind field with an accuracy of 3 m/s and a vertical resolution of 2 km [16]. Using the limb scanning techniques that scan various upper atmosphere air glow layers by observing emissions from OI at 557.7 nm and rotational lines in the O2 (0-0) atmospheric band at 762 nm, TIDI determines the Doppler shift and hence measures the daytime and nighttime neutral wind velocities [17]. A detailed description of the TIDI instrument can be found elsewhere [16, 17].
Every 60 days the TIDI sampling track covers the 24 hours of local time. This is known as one yaw period (satellite orientation wit