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Table 1 Land use proportion of catchment area for the

Beihedian and Matou stations.
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Fig. 1 Location of the study region
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Table 2 Water quality and runoff data and sources.
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Fig. 2 Overall feature importance based on RF model.
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Fig. 4 Importance of input features during rainfall-runoff events.
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Abstract:

[Objective] To address the frequent agricultural non-point source pollution in the Baiyangdian Basin,
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there is an urgent need to elucidate the migration mechanisms of Total Nitrogen (TN) under rainfall-runoff
conditions and to optimize monitoring strategies. [ Methods]  This study focuses on a typical agricultural
watershed (Beihedian Station), with an urban watershed (Matou Station) serving as a comparative reference, and
employs a Random Forest (RF) model coupled with the interpretable SHapley Additive exPlanations (SHAP)
method. Using flow rate and readily observable conventional water quality indicators as inputs, we quantitatively
analyzed TN response mechanisms and evaluated the impact of different monitoring frequencies on prediction
accuracy. [Results] (1) The RF model demonstrated good predictive performance at both sites (with
Nash-Sutcliffe Efficiency, NSE = 0. 981 and 0. 972, respectively). On an annual scale, TN at the Beihedian
station showed a synergistic association with electrical conductivity and water temperature, while water
temperature was dominant at the Matou station, with both exhibiting distinct seasonal patterns. (2) During
rainfall-runoff events, the agricultural area exhibited a runoff-dominated pattern, with a significant positive TN
response lagging 48—72 hours after high-flow events. Short-term flow variations produced a mixed effect of
scouring and dilution. The urban area displayed a significant shift in association characteristics where water
temperature was no longer dominant, instead, TN concentration was positively correlated with electrical
conductivity, while high flow primarily induced a dilution effect. (3) Monitoring frequency had a substantial
impact on model performance. During rainfall-runoff periods, the accuracy of the daily-scale model decreased
significantly compared to the hourly-scale model (NSE reduction > 42%), while the daily-scale model at the
Matou station showed limited prediction performance (NSE < 0), whereas accuracy was similar during non-runoff
periods (<1% difference). [Conclusion] The study elucidated the differentiated response mechanisms of TN
under varying land-use types, highlighted the crucial role of high-frequency monitoring in capturing and
predicting pollutant dynamics during key events, and provided a scientific foundation for advancing non-point
source pollution control, real-time monitoring, and early warning systems.

Keywords: Baiyangdian Basin; Total Nitrogen; Random Forest; SHAP; Rainfall-Runoff
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