Highlights 

· 16-week field assessment of FPV tilt effects (0°–30°) on multi-depth (20–80 cm) water quality.
· Thermal reduction of 1.0–2.5 °C achieved, with maximum cooling at shallow depths and 0° tilt.
· Dissolved oxygen remained above 6.34 mg/L, with the PSI index isolating biological suppression.
· Water conservation quantified up to 6.47 m³ via evaporation suppression, linked to ISI index.
· Ionic sensitivity confirmed with EC (+17.77%) and TDS (+16.51%) responding strongly to tilt.
· Machine learning (R² ≥ 0.97) and DERS risk score identified 30° tilt as the optimal design zone.
· WQI and EWEI indices confirmed ecological safety and optimal energy–water nexus balance.


