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Medium-Scale Traveling Ionospheric Disturbances (MSTIDs) are wave-like propagations of electron density perturbations
that occur in the mid-latitude F region. Night MSTIDs are known to intensify through coupling with instabilities in sporadic E
(Es) layers, which are more frequently observed in the summer hemisphere. Conjugate MSTIDs exhibiting mirror structures
in both hemispheres along common magnetic field lines have also been reported. This suggests that electric fields generated
in the Es layer are mapped along magnetic field lines, thereby enabling electromagnetic coupling of MSTIDs between hemi-
spheres.

In this study, we performed a statistical analysis of ionospheric coupling between the northern and southern hemispheres.
We utilized ionosonde data from four sites in Japan, together with total electron content (TEC) measurements derived from
the Global Navigation Satellite System (GNSS) over Japan and its magnetic conjugate point in Australia, covering the years
2011 - 2020 and 2024.

The disturbance component of TEC (dTEC) associated with MSTIDs was obtained for each satellite — receiver pair by
subtracting a 1-hour running mean from the original TEC data. MSTID activity was quantified as 8 I/, where § I denotes
the average standard deviation of 1-hour TEC variations and I the background TEC, computed within a 4.05° X 4.05°
area above each ionosonde. As indicators of Es-layer characteristics, we used foEs, the critical frequency of the Es layer.
Correlation coefficients between foEs and the average MSTID activity (19:00-02:00 LT, May-August) were then evaluated.

The correlation between foEs over Japan and MSTID activity above Japan was consistently positive (0.2 to 0.8) across all
years except at Okinawa, with higher values observed in the order Wakkanai, Kokubunji, Yamagawa, and Okinawa. This
indicates that at higher latitudes, where Es-layer conductivity to the F region is enhanced and Perkins instability in the F
region is weaker, MSTIDs rely more strongly on seeding from the Es layer, thereby exhibiting stronger coupling. Conversely,
correlations between foEs in Japan and MSTID activity over Australia also tended to increase with latitude but were consid-
erably smaller (-0.2 to 0.4) than the Japan — Japan correlations. These findings suggest that the influence of the Es layer on
MSTIDs in the conjugate hemisphere is weaker than in the local hemisphere. This may imply that the polarization electric
field generated by kilometer-scale Es layers produces electron density variations in the F region of the same hemisphere,
which attenuate as they propagate along magnetic field lines to the opposite hemisphere, resulting in weak correlations with
F-region electron density variations in the opposite hemisphere.

Additionally, we analyzed dTEC data from an MSTID event observed over Japan in June 2024 to quantitatively investigate
the spatial correlation of TEC variations associated with MSTIDs between the northern and southern hemispheres, which are
connected by magnetic field lines. Using the IGRF model, magnetic conjugate points were calculated for each 0.15° X 0.15

grid within the 4.05° X 4.05° areas where MSTID activity was evaluated above the four ionosonde sites. Correlation
coefficients between dTEC over Japan and that over the corresponding conjugate grids were computed every 5 minutes. The
results showed that during the MSTID occurrence interval (19:00 - 02:00 LT) over Japan, the correlation coefficient reached
values up to 0.7, confirming that TEC variations associated with MSTIDs exhibit magnetic conjugacy. However, the correla-
tion varied significantly with time, indicating the need for further detailed analysis.
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