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Appendix A: Mathematical Derivation of Weighting Components
The continuous flow-proportional weight assigned to each timestep i is defined as:

                                                                                                          (1)
where  is the observed discharge at timestep  and  is the arithmetic mean of all observed discharges over the study period. By construction,  when the flow equals the mean, while values exceeding the mean receive weights greater than unity, with the weight increasing proportionally as the flow magnitude grows.
The weighted statistical components used in the Weighted KGE Loss function are derived as follows. The flow-proportional weighted means of the observed and simulated discharge series are first computed as:

                                                                                  (2)
The weighted bias ratio (), representing the tendency of the model to systematically over- or under-predict streamflow, is then expressed as:

                                                                                                                                     (3)
The weighted variability ratio (), which captures the ability of the model to reproduce the variance of the observed flow distribution, is defined as:

                                                                                                              (4)
Finally, the weighted Pearson correlation coefficient (), measuring the linear correspondence between observed and simulated discharge under the flow-proportional weighting scheme, is given by:

                                                                       (5)
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