Groundwater recharge and interactions with surface water under the climate change scenarios of CMIP6
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Rising global temperatures disrupt weather patterns, leading to a worrying trend: more extreme hydrological events like floods and droughts. This is because warmer air causes more moisture, leading to heavier precipitation events (floods) in some regions, while others experience more evaporation and aridity (droughts). Understanding the crucial interaction between surface water and groundwater is essential, as it significantly influences the occurrence of floods and droughts. During periods of intense precipitation, surface water systems' drainage capacity can be exceeded if infiltration into the subsurface is limited due to aquifer saturation. This limited recharge during the wet season can then contribute to drought events during dry periods. This study aims to simultaneously evaluate surface water and groundwater regimes under various future climate scenarios.

To assess potential changes in groundwater recharge and interactions with surface water within the Yom and Nan River basins in northern Thailand, the fully integrated hydrological model (SWAT-MODFLOW) is applied. Future climate conditions will be simulated using projected outputs from the Coupled Model Intercomparison Project Phase 6 (CMIP6) under various integration scenarios combining the Shared Socioeconomic Pathways (SSPs) and Representative Concentration Pathways (RCPs).

According to the results, the modeling approach has tremendous potential for simulating surface water and groundwater regimes in the Yom and Nan Rivers. The daily river discharges attained throughout the calibration (2007-2013) and validation (2014-2020) periods exhibit patterns and volumes that are comparable to those seen in the observation data from 15 runoff stations and the inflow of Sirikit Dam. The monthly groundwater heads derived from the simulation during both testing periods demonstrate similar seasonal fluctuations to the recorded data of 34 observation wells. Compared to the reference period (1990–2014), Scenario SSP1-2.6, characterized by modest increases in rainfall (10%) and temperature (0.6°C), shows increases in groundwater recharge (14%), groundwater flow to rivers (10%), and river seepage to aquifers (8%) for the near future (2026–2050). However, these values are predicted to remain stable in the intermediate and far future periods (2051-2100) due to minimal further changes in climatic conditions. Conversely, scenarios SSP2-4.5, SSP3-7.0, and SSP5-8.5, which incorporate progressively higher rainfall increases (up to 29%) alongside 0.5–2.7°C temperature rises, depict a continuous upward trend in groundwater recharge and its exchanges with surface water throughout the future periods. Scenario SSP5-8.5, with the most significant projected increases in rainfall and air temperature, anticipates the most significant rise in annual groundwater recharge (7%, 29%, and 36% in the near, intermediate, and far futures, respectively). Similarly, substantial increases are expected in groundwater discharge to rivers (7%, 17%, and 26%) and river seepage to aquifers (6%, 12%, and 22%).

These findings suggest that the future hydrological regime in northern Thailand is sensitive to projected changes in precipitation and temperature. While modest climate change scenarios may have limited impact, more significant climatic shifts could lead to substantial changes in groundwater recharge and its interaction with surface water resources. This highlights the importance of considering future climate scenarios in water resource management strategies for the region.
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