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ABSTRACT
Under climate change and increasing water demands, groundwater has become a vital resource to satisfy most of the domestic and agricultural water requirements, especially in dry zones. It is advantageous to use satellite techniques for sustainable groundwater management, but gravitational satellites like the Gravity Recovery and Climate Experiment (GRACE) satellite are typically used in larger countries due to their coarse resolution. This study addresses this problem by assessing the capability of GRACE data in tracking groundwater storage changes in a smaller region like Anuradhapura, Sri Lanka. Groundwater fluctuation is assessed using Groundwater Storage Anomalies (GWSA) derived from the GRACE satellite and the Global Land Data Assimilation System (GLDAS) datasets. This study also compares climate variables using statistical methods to assess accuracy and reliability. The study period spans from 2003 to 2016, capturing long-term trends and seasonal variations in groundwater dynamics. Analysis reveals two prominent peaks in groundwater levels occurring around March and August, coinciding with rainfall patterns characteristic of the dry zone in Sri Lanka. Intensive rice cultivation during the Yala season (March to August), when groundwater removal is increased and water supplies become more dependent on groundwater, contributes to groundwater depletion, while rainfall infiltration during the Maha season (October to February) replenishes aquifers. Results also indicate that GRACE-based groundwater storage anomalies exhibit a significant increasing interannual trend of groundwater fluctuation with a rate of 0.1722 mm per annum. Polynomial regression analysis and Partial Least Squares Regression (PLSR) modeling are employed to validate the GRACE-derived GWSA changes based on GWSA trends and inputs of climate variables. Results indicate higher accuracy in GWSA estimation using PLSR compared to average fluctuation trends. The adjusted R² values obtained for PLSR results present more than 0.9 for validating years, highlighting the potential of GRACE data to monitor and forecast groundwater dynamics. 
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