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Reservoirs exert a profound influence on the cycling of
dissolved organic matter (DOM) in inland waters by altering
flow regimes. Biological incubations can help to disentangle the
role that microbial processing plays in the DOM cycling within
reservoirs. However, as the complex DOM composition poses a
great challenge to the analysis of such data, it remains elusive
how DOM molecules respond to microbial processing over
different time scales. Here we tested if the emergence of
interpretable machine learning (ML) methodologies can
contribute to capturing the relationships between molecular
reactivity and composition. We developed time-specific ML
models based on 7-day and 30-day incubations simulating the
biogeochemical processes in the world's largest reservoir, the
Three Gorges Reservoir in China, over shorter and longer water
retention periods, respectively. Besides the well-recognized
predictive power of ML methodologies, we delved into the
processes of tuning the ML models to acquire additional
interpretability. We used an under-sampling strategy to improve
model performance and simultaneously observed the variations
in model performance metrics for different biological reactivity
pools over incubations with different durations. Results showed
that that bio-produced pools exhibited higher heterogeneity than
the others, likely resulting from the complicated reaction paths to
generate products. Moreover, it is revealed that shorter
incubation periods resulted in a broader range of molecules
disappearing, with a greater contribution of stochasticity, while
the longer incubation allowed the successive biodegradation of
oxygen-poor compounds, with a greater contribution of directed
degradation. Employing a classical ML algorithm combined with
a straightforward under-sampling technique, and Shapley values
to identify feature importance, we uncovered a novel perspective

in understanding the dynamics of DOM over time.
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