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Abstract

Class imbalance reduces predictive reliability in multi-
class water quality classification, particularly when
minority pollution levels are wunderrepresented.
Synthetic Minority Oversampling Technique (SMOTE) is
widely used to address this issue [1], though its
performance depends on classifier selection [2]. This
study compares SMOTE, ADASYN, and Borderline-
SMOTE using imbalanced river data from Kedah,
Malaysia (2020-2023), where 74% of samples belong to
the majority class. Decision Tree, Random Forest, and
XGBoost were evaluated, as ensemble models are
effective under skewed distributions [3]. Performance
was measured using Fl-score and sensitivity,
recommended for imbalanced learning [4]. Without
resampling, minority F1-scores were below 35%;
oversampling significantly improved minority detection,
with SMOTE-XGBoost yielding the most consistent
gains. These results support the use of carefully selected
oversampling strategies in environmental monitoring
systems [5].
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