Eco-Hydrological and Stable Isotope Assessment of Surface Water and Groundwater Dynamic Interactions for Flood Risk Reduction under Climate Change Threats.
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There is increasing global interest in employing nature-based solutions (NbS) to help reduce from floods, droughts, and water pollution that are likely to become worse under future extreme climate.  Flood retention system in Bang Rakam lowland area along Yom river and their tributaries used to retain floodwater from Yom river and protect downstream economic areas.implemented by Thai government since 2017, consistently serves as a potential NbS to create “room for the river” and reduce disaster risks & impacts, however, evidence on the benefits of the approach is still quite limited.  This study aims to strengthen evidence for the method’s effectiveness using eco-hydrological and stable isotope assessment based on the suface water and groundwater dynamic interactions under varying rainfall conditions.  We directly collected water samples from local precipitation, surface water, and groundwater along the Yom river and its tributaries, both within and outside the Bang Rakam area and analyzed for stable isotope compositions. Existing precipitation data from the IAEA's GNIP network was also used to compare rainfall isotopic signatures across different locations. The study also explored how these variations in precipitation isotopes influence surface water and groundwater characteristics. Local variations in the isotopic composition of rainfall were observed, likely due to the rainout effect (removal of moisture from clouds during precipitation). Surface water also showed signs of evaporation, suggesting other sources besides rainfall contribute to its volume. The Yom River's isotopic signature differed significantly from other rivers in the area, indicating potential mixing with groundwater or dry-season precipitation. Groundwater samples displayed a similar isotopic composition, suggesting a mixing process where river water contributes about 54% and rainfall contributes 46%. Within the Bang Rakam area, groundwater samples were isotopically lighter (depleted in heavy isotopes) compared to the baseline. This shift suggests floodwater retention directly recharged groundwater, with a source composition of 61% river water and 39% rainfall. SWAT-MODFLOW simulation is  employed to demonstrate hydrological interactions between flood retention wetland-overflowing river-aquifer based on hydraulics and hydrological principles in lower Yom river basin known as Bang Rakam.  Calibrated model can simulate the seasonal river stages and groundwater levels both pre- and post-wetland installation, enhancing the benefits gained from flexible wetland morphology and subbasin-scaled functions as a flood-risk reduction measure.  Analyzing the "d-excess" isotope value helped quantify the contributions of wet and dry seasons to groundwater recharge. The results suggest that roughly 71.4% comes from wet seasons and 28.6% from dry seasons. This study demonstrates the potential of isotope analysis to evaluate the effectiveness of NbS flood management strategies like Thailand's flood retention system. By tracking how floodwater retention influences groundwater recharge, we can gain valuable insights into the success of these nature-based solutions.  
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