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ed component of rainfall in the LYRV. An independent 12-year real-time interannual prediction experiment

99972020 Dwas conducted on the quasi-biennial component of monthly precipitation over the LYRV. The re-
sults demonstrate that the ECAR model exhibits high predictive skilleaintaining strong forecast accuracy up to a
15-month lead time™SfZnificantly outperforming the conventional autoregressive DARDmodel. These forecasts
provide valuable predictive guidance for anticipating summer flood processes in the LYRV more than a year in
advance.

The proposed data-driven prediction method employs real-time singular spectrum analysis DZSSA Dto extract
the TBO components from the troposphere and QBO components from the stratospherellboth characterized by
strong autocorrelation. Through Fourier transformation Dthese primary quasi-2-year components are converted into
complex low-frequency signals in the frequency spacellforming an extended complex matrix that captures evol-
ving relationships among atmospheric variables. This new set of variables to better jointly shape a new pattern of
variable changes. From the perspective of multivariate syner ollaborative patterns that are difficult to be iden-
tified by traditional methods can be uncovered.A simplified Ltime-varying ECAR model is then derived to repre-
sent the dynamic interactions among these components. The inverse Fourier transform yields the predicted vectors
in the original space. This framework effectively reduces data diversity Dsim lifies complex relationships Dand a-
dapts to interdecadal changes in coupling among low-frequency processes Dlt)hereby enhancing forecast skill and
extending prediction lead times. Unlike traditional physics-based numerical models or Al ﬂrtiﬁcial inte]ligenceD
systems constrained by initial conditions and model complexity Lthis data-knowledge-simplification approach pro-
vides a robust alternative for interannual climate prediction. It captures real-time global QBO signals and the syn-
ergistic effects of tropical and extratropical stratospheric QBOs on tropospheric TBO-related precipitation over the
lower Yangtze River region Dsubstantially improving interannual predictability of the TBO. When combined with
interdecadal trends and sub-seasonal precipitation variability Dthis approach enhances the predictive capability for

summer rainstorms and flood events across the LYRV.
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