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In this presentation, we introduce a mathematical analysis of the spatial
structure of precipitation, using 44 years of monthly precipitation data from 53
observation stations provided by the Korea Meteorological Administration. While
basic statistics can provide information about selected locations or specific time
periods, they tend to reduce either spatial or temporal characteristics in the
process. In particular, the spatial structure of precipitation is initially
unknown, and measures such as the mean or variance often compress all the
structural information. Therefore, a mathematical approach is required to explore
the latent structure. A representative method for such exploration is Empirical
Orthogonal Function (EOF) analysis, which is based on concepts from linear
algebra, such as basis, inner product, and eigenvectors, and is implemented
through singular value decomposition (SVD), a result of the spectral theorem. EOF
analysis decomposes the precipitation data into signal and noise, allowing for a
low—dimensional summary of spatial variability. In practice, the top three spatial
modes reflect structures such as east-west asymmetry, north-south symmetry, and
features influenced by latitude and topography. However, EOF provides fixed
spatial patterns, failing to reflect the seasonal variability of precipitation
throughout the year. To address this limitation, this presentation introduces
Cyclo-Stationary EOF (CSEOF), an extended form of EOF. CSEOF embeds temporal
periodicity into the spatial modes, allowing for the extraction of spatial
structures that evolve over time. This enables a more dynamic interpretation of
spatial forms throughout the temporal cycle. This presentation aims to reflect on
how the shared mathematical foundation of EOF and CSEOF leads to different
interpretations of the same dataset, and to explore how the perspective of spatio—

temporal analysis can be expanded through these contrasting approaches.
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This presentation investigates the temporal dynamics embedded in precipitation
data, which are inherently nonlinear and nonstationary, through a comparative
analysis of two spatio—temporal methods: a two—stage approach combining Empirical
Orthogonal Function (EOF) with wavelet decomposition, and a one-stage approach
using Cyclo-Stationary EOF (CSEOF). The goal is to construct a mathematically
grounded framework capable of capturing multi—scale temporal behavior and offering
deeper insights into complex geophysical signals. The analysis begins by
extracting dominant spatial modes via EOF, followed by wavelet decomposition of
the associated time coefficients. This process enables time-frequency analysis of
the principal components, allowing localized, scale—dependent features to emerge.
By systematically comparing wavelet filters and decomposition levels, we identify
configurations that minimize reconstruction error while preserving
interpretability. The resulting EOF-Wavelet approach effectively uncovers
nonlinear periodic structures that are obscured in conventional linear analysis.
In contrast, CSEOF analysis directly models temporally evolving spatial patterns
and their corresponding periodic time series in a unified step. This enables the
capture of both spatial and temporal variability without decoupling the two
dimensions. A detailed comparison of both methods in the time-frequency domain—
using log—scaled power spectral analysis—reveals a recurring descent structure
around 0.06 Hz, a potential signature of underlying nonlinear oscillatory
behavior. CSEOF demonstrates superior capacity in representing this feature,
supported by lower loss metrics and phase coherence. This presentation emphasizes
not only the contrast between sequential and integrated modeling strategies but
also the importance of choosing appropriate mathematical tools to analyze
temporally complex environmental data. By comparing EOF-Wavelet and CSEOF, we
propose a versatile framework for interpreting nonstationary spatio—temporal

processes in the geosciences
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