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Ensemble Sensitivity Analysis for a Mesoscale Convective System in the Baiu Frontal Zone
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Ensemble singular vectors (EnSVs) represent rapidly growing structures with respect to high-impact weather
phenomena of interest with the assumption that the perturbation of each ensemble member evolves linearly over the
specified time window. This study explores the effectiveness of EnSVs for a mesoscale convective system over the
East China Sea, a challenge due to its strong nonlinearity. Using breeding ensembles with varying horizontal
resolutions, we compare EnSVs with nonlinear perturbed forecasts. Results show that EnSVs consistently capture
sensitivity to synoptic-scale features across resolutions, but their growth rates decrease with increasing resolution.
While nonlinear effects become more prominent at higher resolutions, the nonlinearly developed EnSVs still exhibit
significant growth in the target region. The nonlinearity is likely linked to mesoscale error growth. These finding
suggest that mesoscale EnSVs can identify key growing modes but have limitations in capturing the nonlinear

amplification of errors inherent in mesoscale phenomena (146 words).
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Fig. 1 Distribution of perturbation moist total energy (J kg™!) at 9 forecast hours for the third mode in D3 of (a) EnSV,
(b) NL+, (c) NL—, and (d) average of NL+ and NL— (larger values mean stronger nonlinearity). Shading areas

indicate the verification region.
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