Text S1: The PMF model process

The contribution of various sources to rainwater ions was quantified by using a positive matrix
factorization (PMF) model [86-88]. In a PMF model, the source contribution matrix (gik) and source
profile matrix (fiy) are decomposed by an ion concentration dataset matrix (xi):
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where i, j, p, and ej represent the sample number, ion components, source number, and sample error,
respectively.

An uncertainty (uj) value is needed in the PMF modeling procedure, which is dependent on the
ion contents of a sample. If xi is less than the method detection limit (MDL; see Section 2.2 of main
text), uij= EXMDL, while uj = [(error fraction x xij)2 + MDL2]2 if x; exceeds MDL. The error fraction is

presented as measurement uncertainty (in %). The final goal of the PMF model is to obtain a

minimum objective function (Q):
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where xi, ui, n, m, and p represent the ion concentration, uncertainty, sample number, ion species,

and source number, respectively.

Briefly, the estimation of the concentration uncertainty and the determination of the method
detection limit and the uncertainties of the variables were firstly performed, and dozens of model
runs were subsequently conducted. After choosing a model with the lowest Q (robust) as the
optimal solution, the number of factors ranging from 2 to 5 was examined by checking the Q value,
the residual analysis, and the correlation between the observed and predicted values. In this case, a
two-factor solution was invariably optimal for its most stable results and reasonable factors, because
the Q true value was minimum.

In this study, according to the signal-to-noise value of the selected variables, TZ (total ion
equivalent concentrations, TZ*+TZ-) was set as total variable (weak), and other variables including
CI, F-, NOs, SO4%, K+, Na*, Ca?, and Mg? were set as “strong.” The Fpeax values of 0.5, -0.5, 1.0, -1.0,
and 1.5 were selected for rotation, and the Fpeax of —0.5 was selected based on the minimum Q
change. This study used two uncertainty-check tools including “bootstrapping” (BS) and
“displacement method” (DISP) tests. We set the number of bootstraps to 100 and the minimum
correlation R-value as 0.6. The BS result of the base run and Fpek indicated a very good
reproducibility of the bootstrap factors. The DISP analysis of the base run indicated that the solution
was stable and had very small amounts of rotational ambiguity; thus, the results can be considered
valid.
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