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            Abstract
Freshwater availability is changing worldwide. Here we quantify 34 trends in terrestrial water storage observed by the Gravity Recovery and Climate Experiment (GRACE) satellites during 2002â€“2016 and categorize their drivers as natural interannual variability, unsustainable groundwater consumption, climate change or combinations thereof. Several of these trends had been lacking thorough investigation and attribution, including massive changes in northwestern China and the Okavango Delta. Others are consistent with climate model predictions. This observation-based assessment of how the worldâ€™s water landscape is responding to human impacts and climate variations provides a blueprint for evaluating and predicting emerging threats to water and food security.
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                    Fig. 1: Annotated map of TWS trends.[image: ]


Fig. 2: Trends in TWS and supporting data maps.[image: ]
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In Fig. 2 of this Analysis, the tick-mark labels on the colour bars in the second and third images from the top were inadvertently swapped. In addition, the citation at the end of the sentence, â€œOn a monthly basis GRACE can resolve TWS changes with sufficient accuracy over scales that range from approximately 200,000 km2 at low latitudes to about 90,000 km2 near the polesâ€� should be to ref. 4 not ref. 1. These errors have been corrected online.
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Extended data figures and tables

Extended Data Fig. 1 Non-seasonal TWS anomaliesâ€”global regions.
aâ€“f, Time series of monthly TWS anomalies (departures from the period mean) from GRACE, after removing the mean seasonal cycle, averaged over each of study regions 1â€“6, expressed as equivalent heights of liquid water (in centimetres). We note that the y axes vary among panels.

                          Source Data
                        


Extended Data Fig. 2 Non-seasonal TWS anomaliesâ€”Eurasia.
aâ€“l, As in Extended Data Fig.Â 1, for regions 7â€“18.
Source Data.


Extended Data Fig. 3 Non-seasonal TWS anomaliesâ€”North and South America.
 aâ€“h, As in Extended Data Fig.Â 1, for regions 19â€“26.
Source Data.


Extended Data Fig. 4 Non-seasonal TWS anomaliesâ€”Africa and Australia.
aâ€“h, As in Extended Data Fig.Â 1, for regions 27â€“34.
Source Data.


Extended Data Fig. 5 Annual precipitation totalsâ€”global regions.
aâ€“f, Time series of annual precipitation totals (in millimetres) averaged over each of study regions 1â€“6, based on GPCP v.2.3. We note that the yÂ axes vary among panels.
Source Data.


Extended Data Fig. 6 Annual precipitation totalsâ€”Eurasia.
aâ€“n, As in Extended Data Fig.Â 5, for regions 7â€“18 and the full drainage basins of the Aral and Caspian seas.
Source Data.


Extended Data Fig. 7 Annual precipitation totalsâ€”North and South America.
aâ€“h, As in Extended Data Fig.Â 5, for regions 19â€“26.
Source Data.


Extended Data Fig. 8 Annual precipitation totalsâ€”Africa and Australia.
aâ€“h, As in Extended Data Fig.Â 5, for regions 27â€“34.
Source Data.


Extended Data Fig. 9 Comparison of TWS trends (in centimetres per year) over India (January 2003 â€“ March 2016) from three GRACE mascon solutions.
aâ€“d, JPL-M 3Â° (a), CSR-M 1Â° (b), GSFC-M 1Â° (c) and JPL-M smoothed with a 200-km-radius Gaussian filter and plotted at 1Â° (d). We note the similarity between bâ€“d, whose regional trend amplitudes have all been dampened by smoothing.
Source Data.


Extended Data Fig. 10 Comparison of normalized anomalies of Caspian Sea level changes and three primary drivers.
Normalized anomalies of changes in annual mean Caspian Sea level (black), Volga River discharge (blue), Russian total crop weight (yellow) and Caspian Sea evaporation (red). Precipitation (Extended Data Fig. 6) is the other primary driver. Sea-level change is positively correlated with Volga River discharge and negatively correlated with Russian crop weight and evaporation.
Source Data.
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