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Summary of the Award publications (around 2000 words ) :

The Character of the Low- and Equatorial lonosphere: A unique phenomenon
lies right above Taiwan:

The ionosphere is a layer of charged ionized particles approximately 80 - 1000

km above the Earth's surface and has been defined as "the part of the Earth's upper




atmosphere where ions and electrons are present in quantities sufficient to affect the
propagation of radio waves.” The ionosphere is formed by the absorption of the
solar EUV/UV radiations in the Earth’s upper atmosphere, which produces
appreciable photoionization leading to a partially atmospheric region. Taiwan
locates under the low-latitude ionosphere close to the magnetic equatorial region.
The low-latitude ionosphere is unique in that the magnetic field is nearly horizontal,
so that zonal electric fields, produced by the neutral wind dynamo during
magnetically quiet times, can transport the plasma vertically through the
electro-magnetic drift. This quiet-time vertical drift is upward during the daytime,
causing plasma to drift to higher altitudes from where it diffuses down along magnetic
fields, due to the pressure gradient and gravity, to higher latitudes creating two plasma
crests on either side of the magnetic equator. Since the plasma is transported from
the magnetic equator to higher latitudes, a density trough is formed centered on the
magnetic equator with two density crests around 15°-20° to the northern and the
southern hemispheres. This unique latitudinal distribution of the plasma/ionization
density is called the equatorial ionization anomaly (EIA) or the equatorial anomaly for
short, and the effect of transporting the plasma from the magnetic equator to higher
latitudes is referred as the equatorial plasma fountain (Fig. 1). As Taiwan locates
underneath the region of maximum plasma density (Fig. 2), ionosphere variations
affect the GPS navigation user and other applications of the communication in both
national defensive and civil objectives.

Space Weather Affected by the Meteorological Weather

The ionospheric space weather was known to be disturbed significantly by solar
magnetic storms. Recent airglow observations show longitudinal structure of four
enhanced equatorial plasma regions located at South America, Africa, Southeast Asia,
and Central Pacific. This four-peaked longitudinal structure was seen by using
far-ultraviolet (FUV) 135.6 nm emission observation on board the NASA IMAGE
(Imager for Magnetopause-to-Aurora Global Exploration) satellite during
equinox-to-early summer of 2002. The most surprising result of the study is the
coincidence of these structures between the locations of four nonmigrating tidal
maxima and the ionospheric nightglow brightness observed by the IMAGE satellite at
far-ultraviolet (FUV) 135.6 nm emission line. The observations strongly suggest
that the equatorial ionosphere is coupled with a nonmigrating tide which is excited in
the troposphere, possibly produced by the latent heat release in tropical cloud
formation or deep tropical convection. They proposed a possible mechanism that the
diurnal eastward wavenumber three (DE3) nonmigrating tide, excited from the lower
atmosphere, propagates upward to the lower ionosphere and subsequently affects the



E region dynamo electric field and the strength of the equatorial plasma fountain may
be the possible explanation. Three of the four regions are located in the tropical
rainforest areas; they are the Amazon rainforest of the South America, Congo basin of
the Africa, and Indonesia rainforest. The fourth enhanced region, the Central Pacific
(often to be the region where the tropical hurricane formed), may be formed due to
uneven distribution of the other three regions or due to some localize rainstorms.

The atmospheric waves have amplitude growth with increasing altitude, since the
atmospheric density decrease exponentially with increasing altitude. Atmospheric
waves produced by latent heat release at the tropopause can propagate to higher
altitude with increasing amplitude. However, it is uncertain if the wave can
propagate all the way up to the ionospheric F-layer, since there are mechanisms for
wave to dissipate, such as chemical and eddy diffusions. In addition to direct
upward propagation of the waves to disturb the ionospheric electron density, another
possible mechanism is the modification of the ionospheric E-region dynamo at 90-120
km altitude. The modified dynamo process results in modification of the zonal
electric field that later affects the strength of the equatorial plasma fountain and the
equatorial ionization anomaly. The IMAGE airglow observation provides only the
night time ionospheric observation at altitude where the emission is most significant,
at around F-peak altitude. Therefore, it is difficult to identify which mechanism is
more important.

Strong Observation Evidence provided by the FORMOSAT-3/COSMIC

The FORMOSAT-3/COSMIC (F3/C) constellation is, therefore, the ideal suite of
instruments to monitor vertical electron density of the wavenumber-four longitudinal
structures and to further understanding of the possible coupling process between the
equatorial ionosphere and the nonmigrating tides of tropospheric origin, or other
possible mechanisms. The constellation was launched at April 2006 with its major
payload, the Radio Occultation eXperiment (GOX), on board providing more than
2000 vertical ionospheric electron density observations daily. After analysis of the
radio occultation observations during September-October 2006, the wavenumber-four
longitudinal structure of the equatorial ionosphere is seen by the
FORMOSAT-3/COSMIC. The structure is clearly seen only above 300 km altitude
indicating that the feature is the F-region phenomenon (Fig. 3). This evidence
suggests that it is more likely the atmospheric tides modify the E-region dynamo and
the strength of the equatorial plasma fountain instead of direct upward propagation of
the wave. Although the altitudinal observations have provided some evidence to
support the hypothesis of modulating the E-region dynamo by atmospheric tides,
those observations, however, are only limited to the nighttime period when the



E-region has almost disappeared. Thus, it is extremely important to demonstrate that
the four-peaked longitudinal structure appeared during daytime when the E-region
exists with strong interactions with F-region, in order to support the hypothesis made
by previous studies. Figure 4 shows the first daytime observation of the
wavenumber-four structure by FORMOSAT-3/COSMIC. The existence of the
structure during daytime, again, confirms the hypothesis. Meanwhile, our results
also indicate the eastward propagation of the four enhanced regions, which consistent
with the property of the diurnal eastward wave number three (DE3) atmospheric tide.

The important finding of the longitudinal structure at the equatorial ionosphere
produced by atmospheric tides of tropospheric origins suggests that the
meteorological weather can also modify the space weather. It is worthwhile to note
that the four enhanced regions of greater ionospheric plasma concentration coincide
well with the distribution of the space lightning, such as sprite and elves, observed by
the ISUAL instrument on board the FORMOSAT-2. The four plasma enhanced
regions may provide stronger conductivities favorable for space lightning to be
induced. The relationship between the global atmospheric circuit and the ionosphere
can be further studied based on these observations.
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Figure 1. Cartoon illustration of the ionospheric equatorial plasma fountain (figure
courtesy of David N. Anderson of the NOAA-SWPC).
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Figure 2. lonospheric total electron content (TEC) map derived from observations of
the Doppler shifts of the GPS signals. The TEC map indicates that Taiwan situates
right under the equatorial ionization anomaly (EIA) region.
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Figure 3. Three-dimensional observation of the longitudinal structure of the
equatorial ionosphere by FORMOSAT-3/COSMIC. The four-peaked structure
produced by atmospheric nonmigrating tide occurs above 300 km altitude indicating
that it is mainly the F-region phenomenon.
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Figure 4. First daytime observation of the four-peaked equatorial ionization anomaly
by FORMOSAT-3/COSMIC.



