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ABSTRACT

In the vicinity of the magnetic dip equator, two basic types of sporadic E (EsS) are observed
equatorward of dip latitude (D) at approximately £5 ¢ namely, the equatorial types Esq and Esp
[Tsunoda 2008]. Egq type is produced by Bragg scattering of radio signals from small-scale field-
aligned irregularities embedded in the equatorial electrojet (EEJ) [Rastogi 1972; Tsunoda 2008].
The Eg, type, as reported by Devasia [1976] and Reddy and Devasia [1970], is the most common
type observed in the equatorial region and is produced by the reflections from a thin layer of
enhanced plasma density (N); the layer itself is formed from the convergence in the altitude of
long-lived metallic ions, which result from a vertical shear in the zonal neutral wind (U) [e.g.,
Axford and Cunnold 1966]. The term “blanketing” denotes that N in Eg, is dense enough to
prevent the travel of radio signals up to the F layer, which causes the disappearance of the F trace
in an ionogram at such frequencies [Tsunoda 2008].
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Esp were distinguished by the first ionosonde experiments in the first half of the 20th century, but
their origin and formation processes were unclear for a long time particularly near the magnetic
dip equator. In recent years, techniques for Eg, observations have been advanced remarkably. In
this regard, GPS radio occultation (RO) observations (satellite-satellite communication links)
provide an ideal geometry for studying Eg, layer structure [Wu et al. 2005; Arras et al, 2008].

Es occurrence can result in daytime GHz scintillation [Seif et al, 2015]. The basis for the
association of radio scintillations to Eg, is largely observational. Given that this association
appears to be real, the understanding of the Eg, formation process in mid-latitudes relies on the
wind shear theory proposed by Whitehead (1961). This theory was proposed for the mid-latitude
ionosphere, where the inclination of the geomagnetic field (B) is steep enough to produce a thin
layer of high plasma density, via horizontal wind-shear. According to this theory, an Eg, layer
will not form where the inclination angle of B becomes too small. Nevertheless, our observations
show the presence of daytime GHz scintillation in the vicinity of the magnetic dip equator. These
observations suggest the existence of Eg, near the magnetic equator, where the equatorial
electrojet is strong but the inclination angle of B is too small for wind-shear to be a significant
factor. Therefore, the key objective of this study is to investigate of the nature of this behavior.
This unexpected result will address the pressing need to in-depth understanding of physical
processes that lead to the appearance of Eg, in association with daytime scintillation at the
magnetic dip equator, where the inclination angle is zero. We bring two data sets to bear, from
ground and space, which provide a unique opportunity to study characteristics of Eg, near the
magnetic dip equator in association with daytime GHz scintillation.

In this study, we present the occurrence of daytime GHz scintillation using GPS lonospheric
Scintillation and Total Electron Content Monitor (GISTM) systems from the Langkawi (6.19°N,
99.51°E; @ = 1.90°S) station in Malaysia situated very close to the magnetic dip equator. To
identify the occurrence of Eg, at the magnetic dip equator over this station, we use GPS-
COSMIC RO data. Ultimately, we evaluate our result with Oyinloye [1971] Model, where the
model shows the characteristics of Eg, near the magnetic dip equator using eight ionosonde
stations including Talara, Chiclayo, Chimbote, Huancayo, Juliaca, La Paz, lIbadan, llo.
According to this model, (see Figure 1) the low occurrence of Eg, (~3%) is presented, where || <
6° and its rapidly increased to considerable values of (15-27%), where |I|~ 8°.

Results:

In this study, a close relationship between daytime GHz scintillations and appearances of Eg, in
the vicinity of the magnetic dip equator has been studied. This indicates Eg, can sometimes occur
near the magnetic dip equator under favorable conditions. Such a favorable condition is when the
electric field becomes zero; that is, the zonal wind shear produces the convergence of metallic
ions to an altitude where the upward and downward forces become zero. There, in the absence of
an electric field, the wind will transport the Eg, sheet equatorward. Moreover, the extensive
analysis result obtained from the 5 years RO dataset revealed the low occurrence of Eg, in the



vicinity of the magnetic dip equator. This result is consistent with that obtained by Oyinloye’s
[1971] model.

These scientific efforts play an important role in reliable space weather forecast and the
development of space weather applications; it may seamlessly lead to improvement of our
understanding of Eg, formation and evolution in the vicinity of magnetic dip equator, which also
is very important in enhancing the capability of GPS satellite positioning and navigation. Our
further research in this area will be presented.
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