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Adjoint Sensitivity Analysis for Nonlinear Models
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Initial condition sensitivity analysis is essential for improving numerical weather prediction and
climate forecasts by identifying regions where initial errors strongly influence future states. Adjoint
sensitivity analysis provides an efficient linear framework; however, in strongly nonlinear and
chaotic systems, sensitivities spread spatially with increasing forecast time, obscuring dominant
sensitive regions. To address this issue, we propose “Sliding Window Method (SWM)”, in which the
total forecast period is divided into multiple time windows and adjoint sensitivity analysis is applied
separately within each window to suppress excessive sensitivity spreading. The method is evaluated
using the storm-track Lorenz—96 model, which exhibits spatially varying dynamical regimes from
stable to highly chaotic flows. Numerical experiments show that SWM effectively captures localized
high-sensitivity regions in chaotic regimes and for long forecast periods, while the conventional
adjoint method performs better in stable regimes. These results demonstrate that SWM is a useful
approach for identifying dynamically relevant sensitive regions in strongly nonlinear systems.
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Fig.1: Schematic comparison of the adjoint
sensitivity calculation processes using the
conventional method and SWM.
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Fig.2: Spatiotemporal evolution of the stl.96
model. The vertical axis represents time steps
(progressing from bottom to top), and the
horizontal axis represents grid point indices.
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Fig.3: Optimal selection ratios for each window
size (WS). The blue
conventional method, while the red-toned lines

lines indicate the
indicate SWM. The horizontal axis represents
grid point indices, and the vertical axis

represents the optimal selection ratio.
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