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The seasonal adjustment method
Here are the major formulas for the three-step filtering algorithm. According to the original paper (Pezzulli et al. 2005), when compared to numerous bandpass filtering methods developed for seasonal adjustment, the X-11 procedure can be seen as a straightforward extension of the two-way approach, providing a continuous interannual trend (Tt) and a quasi-periodic seasonal term (St).
Seasonal filter (1−2−1 moving-average):
 , where and  are previous and next year (for each month).
Trend filter (annual-centered on a 13-month series):
 , where and  are previous and next month.

Three-step applied to monthly mean data:
(1) The trend filter is used to smooth raw time series data (X) to reveal the initial trend (TI); seasonal components and shorter-term noise remains in the trend-adjusted series (X−TI) by subtracting the initial trend from the raw data. (1a) This trend-adjusted data series is further adjusted by applying seasonal filter. (1b) The initial seasonal estimate (SI) is produced by subtracting the resulting seasonal series from its annual-centered running mean, producing approximately a zero-mean seasonality. 
(2) The trend filter is applied to smooth the season-adjusted series (X−SI), by subtracting the initial seasonal estimate from the raw data. This generates a revised trend (TR). (2a) The seasonal filter is applied to smooth the "revised trend"-adjusted series (X−TR) to obtain the final seasonal estimate (SF) after subtracting its annual-centered running mean. 
(3) The final trend (TF) is calculated by applying the trend filter to the "final season"-adjusted series (X−SF). The final seasonal estimate is defined as the seasonal component (St), and the final trend represents the nonseasonal component (Tt). 
[bookmark: _GoBack]The residual series, derived by subtracting the identified seasonal and nonseasonal time series data from the raw data, is not the focus of this study.
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Fig. S1 | Normalized nonseasonal dynamical index on a global scale from 2002 to 2022 (dotted curve), with 9-year (blue bars) and 11-year (green bars) linear regression trends centered on the years.
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Fig. S2 | (a) Correlation coefficients between the nonseasonal dynamical index globally (2002–2021) and the East Asian (115°E–125°E) AOD (2003–2022) in January–March, February–March, March, February–April, and March–April, respectively. Monthly conditions indicated in (a) for January–April, respectively, in (b) 2002–2012 versus 2003–2013 and (c) 2010–2020 versus 2011–2021.
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