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Abstract

Objective: Coal mining subsidence areas are typical challenges in current ecological restoration and
management. The environmental carrying capacity of subsidence areas is fragile and highly suscep-
tible to pollution. To explore the impact of “floating rice” cultivation on waterlogged areas in coal
mining subsidence zones, and to enhance the monitoring capability of such areas, this study focused
on the floating rice cultivation experimental zone in the Guqiao Mine waterlogged area of Huainan
City. Water quality monitoring and analysis were conducted in the restored waters where “floating
rice” was planted, providing technical support for the monitoring of water bodies in coal mining
subsidence areas. Methods: The study collected indicators such as total phosphorus, total nitrogen,
ammonia nitrogen, and chlorophyll a to analyse and evaluate the water quality of the cultivation
area. In addition, a Gated Recurrent Unit (GRU) model was constructed. By optimising feature selec-
tion and adjusting parameters, the model’s prediction accuracy and generalisation capability were
enhanced, enabling time-series prediction of water indicators in coal mining subsidence water-
logged areas. Results: The study indicated that the use of “floating rice” can purify water in coal
mining subsidence areas to a certain extent and curb eutrophication. The results showed that the
GRU model had the best predictive performance for chlorophyll a with a coefficient of determina-
tion R? of 0.89. Compared with the predictions for total phosphorus, total nitrogen, and ammonia
nitrogen, the GRU model provided higher reliability for chlorophyll a prediction. Conclusion: The
study successfully established a time-series prediction model for water indicators in coal mining
subsidence waterlogged areas, offering technical support for water environment monitoring in
such zones.
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Figure 1. Location map of the rice cultivation experimental area
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Table 1. Data of various physicochemical indicators of water samples from the planting area
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Figure 2. Spatiotemporal variation of chlorophyll and ammonia nitrogen in water bodies. (a) Chlorophyll variation in 2024,
(b) Chlorophyll variation in 2025, (c) Ammonia nitrogen variation in 2024, (d) Ammonia nitrogen variation in 2025
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Figure 3. Spatiotemporal variation of nitrogen and phosphorus in water bodies. (a) Total nitrogen variation in 2024, (b) Total
nitrogen variation in 2025, (c) Total phosphorus variation in 2024, (d) Total phosphorus variation in 2025
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Figure 4. Correlation analysis results
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Figure 5. Model test set fitting charts. (a) Ammonia nitrogen model fitting curve, (b) Chlorophyll model fitting curve, (c) Total
nitrogen model fitting curve, (d) Total phosphorus model fitting curve
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