EGU2016-3369

Horizontal Shapes of Daytime Mid-latitude Sporadic-E Imaged by GPS Total Electron Content Observations in Japan

N T A *1 2 1. Hokkaido University Library Hokkaido University
JbimE A5 Jun MAEDA & ?Kosuke HEKI ' ay SPACE Craa
HOKKAIDO UNIVERSITY . o . Department of Natural History Sciences, w:)

- Correspondence to: maeda@lib.hokudai.ac.jp Hokkaido University

Small-scale structure

Large-scale structure of sporadic-E over Japan

Characteristics

GPS/GNSS total electron content (TEC) observation is a strong method for the ionospheric observation. F-region *Frontal shape
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Es often shows frontal structure with a preferred alignment in the east-west direction. Frontal structures sometimes § e e
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gradient-drift and Kelvin-Helmholtz instabilities play important roles in the formation of daytime Es patches. . a
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o o \& = Kolubui- L3 10 e 58 b 0 2 moved east-northeastward, almost tracing the E-W elongation of the frontal structure. These results demonstrates that QP TEC
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Gradient-drift instability achieves the maximum growth rate when the direction of electron density gradient
and the direction of Es patch movement are parallel. In this sense, plasma clouds in propagating Es with
steep electron density gradient are supposed to be under the condition of gradient-drift instability. Slant

136° -
138" +

Slant TEC change

l
e f \icile_p a_tcﬁei._ —— - TEC time series (Fig.6a) show that phase front of frontal structure is smooth and the trailing edge is
D100 f—m—t Fig.3 /|| undulated. Small plasma patches (pointed by red arrows in the left figure) are considered to be separated
NORTH 5 _ d. Three examples of Es images showing various e from the undulated trailing edge of the frontal structure.
., May 2010 [ ;5) 30 | | azimuth alignment of frontal structures observed over
“ 03:30 UT = ' the central part of Japan in 2010.
= . . .
S 60 - _ | e. Rose diagram showing the number of azimuth
‘é’ : alignment of frontal structures observed during 2010. In QP Structur(? .
—_— WEST EAST & 40 - _ most cases, structures prefer to elongatle in the E-W in the N-S direction %o
05 00 05 10 15 y direction. It should be noted that not a single case is S
Vertical TEC 1 2 204 | | observed which has perfect north-south alignment. =
EBEES e 4 s | _ : f. Histogram showing the number of measurements for g
l l . . . . : 2 0 — — frontal structure lengths. The average and median
B Noritward — ¢ 2010 Fig.5 . L 0 100 200 300 400 500 600 \ lengthsare ~160 km and ~100 km, respectively.
S s e DO TS a. Snapshots of vertical TEC anomaly map showing an SOUTH <> ceHrrences

Length (km)

example of northward propagation of a frontal structure
elongated in the E-W direction. In this case, it is clear that
the frontal structure propagated to the direction
perpendicular to its elongation. Speed and distance of the
movement are 40-50 m/s and ~100 km, respectively.

b. Local time dependence of the directions of N-S
propagation of Es observed in 2010 (histogram). In the
histogram, orange and gray represent the numbers of
northward and southward movements, respectively.
Curves show occurrence rates of Es derived from foEs
data obtained during 2003-2012 (dashed) and 2010
(solid) at the Kokubunji ionosonde (with foEs > 10 MHz).

S s - Atmospheric tide is considered to control the direction of
T B Es movement.
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It is widely accepted that the formation of Es patches are attributed to zonal wind shear which often
create favorable condition for shear instabilities such as the Kelvin-Helmholtz (KH) instability. This
implies that wind shears would create wave-like structure that are responsible for QP TEC
enhancement observed in this study (Fig.6 & 7). Zonal winds are considered to be the primary driver
for the formation of frontal structures elongated in the E-W direction. The KH instability may separate
the main plasma cloud into a series of plasma patches under the presence of strong wind shear, e.g.,
Richardson number lower than 0.25.
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