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Emerging trends in global freshwater

availability
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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 2002-2016 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 world'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.

dynamic components of the terrestrial water cycle' . Although

they are not static on an annual basis (as early water-budget analy-
ses supposed), in the absence of hydrodimatic shifts or substantial anthro-
pogenic stresses they typically remain range-bound. Recent studies have
identified locations where terrestrial water storage (TWS; the sum of these
five components) appears to be trending below previous ranges, notably
where ice sheets or glaciers are diminishing in response to climate change*”
and where groundwater is being withdrawn at an unsustainable rate® .

G roundwater, soil moisture, surface waters, snow and ice are

attribution of the TWS changes requires comprehensive examination of
all available auxiliary information and data, which has never before been
performed at the global scale.

Here we map TWS change rates around the globe based on 14 years
{April 2002 - March 2016) of GRACE observations (Fig. 1). The GRACE
data were processed using an advanced mass concentration™ (‘mascon’)
approach that enables improved signal resolution relative to the standard
spherical-harmonic technique®'. Best-fit linear rates of change after
removing the seasonal eyele (referred to herein as ‘apparent trends’) are
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Fig. 1 | Annotated map of TWS trends. Trends in TWS (in centimetres with a 150-km-radius Gaussian filter for the purpose of visualization;

per year) obtained on the basis of GRACE observations from April 2002 to  however, all calculations were performed at the native 3° resolution of the
March 2016. The cause of the trend in each outlined study region is briefly ~ data product.

explained and colour-coded by category. The trend map was smoothed



N G R A RaE revealedconsiderableehangesin freshwater
resourcesccurringcrosgheglobeandhasallowedhemto be
guantifiedtregionascalesunimpedeldy sparsaneasurements
or restrictivelataaccesspolicied providjng] motivationfor
multilateral cooperation among nations, states and
stakeholdetdn the faceof aquiferdepletionpopulatiogrowth
and climatechangewaterand food securitywill dependupon
watessaving technologiesand improved managementand
governanc®(p.6-7)

:> We need to get better at managing water given the unprecedented ch:
observing and predicting.
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