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Scale dependence and frontal formation of nighttime medium-scale traveling ionospheri
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Plasma density structures and associated irregularities in the nighttime midlatitude ionosphere are frequently observed e
frontal structures elongated from northwest to southeast (NW-SE) in the Northern Hemisphere with a wavelength of 100-20C
km, also known as medium-scale traveling ionospheric disturbances (MSTIDs). The MSTIDs and the coupling process betwee
the E and F regions are studied with a three-dimensional numerical model which can simulate two instability mechanisms
Perkins instability in the F region and sporadic-E (Es)-layer instability in the E region. The lower thermosphere, where an Es
layer could be located, is strongly influenced by atmospheric waves propagating from below, so that the Es layer tends not t
be horizontally uniform but to be inhomogeneous. A strong zonal wind shear itself that accumulates the Es layer can drive
the Es-layer instability as well as the Kelvin-Helmholtz instability. The inhomogeneous Es layer produces sharp gradient of
Hall conductivity and generates intense polarization electric field which can easily modulates the F region because of electri
field mapping along geomagnetic field. Therefore, MSTIDs could be seeded by inhomogeneous Es layers, which might b
coupled with the lower atmospheric activity. A new midlatitude ionosphere electrodynamics coupling (MIECO) model has
been developed that can simulate the coupling process between the E and F regions with dipole magnetic field lines. Using tt
MIECO model, MSTID structure is reproduced from random perturbation on an Es layer in a wide horizontal coverage. The
upgraded version of MIECO model comprises both hemispheres where electric field is solved by integrating conductivities in bott
hemispheres, and all other parameters such as plasma density and neutral wind are independent. Scale dependence of night
medium-scale traveling ionospheric disturbances (MSTIDSs) is studied by changing a scale of initial perturbation from 20 km to
320 km range. It is shown that both Es-layer and Perkins instabilities have scale dependence for a shorter wavelength mode to
saturated faster, whereas a very long wavelength mode grows so slow in the E region that it does not seed the Perkins instabili
in the F region effectively. As a result, the typical wavelength of MSTIDs (100-200 km) can be spontaneously generated without
scale-dependent forcing. It is also shown that long frontal structures of MSTIDs can be self-consistently formed by a Pederse
polarization process along the wave front of MSTIDs by which an initially non-uniform wave front is forced to be uniformly
distributed.
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