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Abstract: Global climate change has significantly changed the spatial and temporal distribution of water resources, 

making water availability (WA) more complex and increasing the risk of droughts. Understanding these changes is 

vital for securing water, protecting ecosystems, and maintaining agriculture. In this study, we examine past and future 

changes in WA and dryness using an integrated modeling approach that combines satellite data, reanalysis datasets, 

and drought indicators outputs. Water availability was measured using a water balance approach that relates 

precipitation, evapotranspiration, and storage changes, and was validated against observed water balance data. Results 

show a general decrease in WA where evapotranspiration is dominant, with key hotspots in Asia, Africa, and South 

America. Strong links with large-scale climate patterns (e.g., Southern Oscillation Index) highlight the influence of 

atmospheric circulation on WA variability. To evaluate dryness, we used a Composite Drought Index (CDI), which 

combines precipitation anomalies, water deficits, and moisture indices. CDI outperformed traditional indices (PDSI, 

Evaluation Integrated Drought Index), effectively detecting severe droughts in regions such as the Yangtze Basin and 

correlating well with changes in crop yields and streamflow. Global analysis revealed gaps between meteorological 

droughts and vegetation water stress, showing the need for multiple indicators. Future projections under high-emission 

scenarios (SSP5-8.5) suggest increases in drought frequency and crop water needs, with rice requiring up to 146 

mm/month, raising agricultural vulnerability. These findings underscore the importance of advanced modeling in 

predicting water shortages, informing adaptation strategies, and supporting sustainable water management in the face 

of accelerating climate change. 
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