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The ionosphere exhibits complex variations influenced by multiple factors, including diurnal and seasonal variations as
well as solar activity, geomagnetic disturbances, gravity waves, and even ground-based phenomena such as earthquakes and
volcanic eruptions. To capture the overall picture of such variability, simple time-series averaging or empirical criteria are
insufficient, and statistical techniques are required to extract and classify variation patterns from large observational datasets.

In this study, we applied Principal Component Analysis (PCA), a statistical analysis method, to high time-resolution
Doppler frequency data obtained from HF Doppler observations to extract representative diurnal variation components and
analyze their characteristics. PCA analyzes the correlation structure of multidimensional data and extracts principal com-
ponents that explain the maximum variance in the data, thereby enabling dimensionality reduction and characterization of
variability. The extracted components are ordered as the first, second, and subsequent principal components in descending
order of explained variance (contribution rate). Hence, the first principal component best represents the variability in the
original data and captures the most dominant variation pattern.

The data used in this study are Doppler frequency shift observations at 5006 kHz, obtained every 10 seconds using an HF
Doppler observation network operated by four institutions, primarily the University of Electro-Communications. To investi-
gate the influence of solar activity, PCA was applied to 11 years of data (2005 - 2015).

PCA of the Doppler frequency data obtained at the Sugadaira station revealed that the absolute amplitude of the first princi-
pal component was clearly larger than that of the subsequent components. A comparison with the averaged diurnal variation
on magnetically quiet days confirmed that the two variations were nearly identical, indicating that the first principal compo-
nent represents the diurnal variation of the Doppler frequency. In contrast, the amplitudes of the second and higher-order
components were considerably smaller, and after applying filtering based on signal intensity, these variations became nearly
undetectable. These components are presumed to represent disturbances other than diurnal variation; however, their interpre-
tation as physically meaningful variability remains difficult. Nonetheless, in certain months, the diurnal variation appeared
in the second principal component. An examination of correlation coefficients revealed that such cases occurred when the
correlation fell below 0.5, suggesting that during periods of frequent disturbances, the diurnal variation may also appear in
the second principal component and thus requires consideration.

When comparing the first principal component of Doppler shift at the Sugadaira station over 2005 — 2015, we found that
its absolute value varied in accordance with the sunspot numbers. Solar activity follows an 11-year cycle, and within the
period from 2005 to 2015, 2009 corresponds to the solar minimum, while 2014 marks the solar maximum. Consistently, the
extracted first principal component shows lower absolute values in 2009 and higher values in 2014. Since higher solar activity
corresponds to higher maximum electron densities, this variation is likely reflected in the magnitude of the diurnal variation.
We anticipate that this amplitude variation can be quantitatively derived from the electron density distribution using the IRI
model, and a comparison with these model results is currently in progress.

In this presentation, we report on the validity of diurnal variation extraction by PCA and its relationship to solar activity,
based on analyses comparing the extracted principal components to quiet day data and IRI model results.
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