
GRACE Reveals Massive Depletion of Groundwater inGRACE Reveals Massive Depletion of Groundwater in  
NW IndiaNW India

Gravity and Mass redistribution in the Earth system: Gravity and Mass redistribution in the Earth system: The Earth's gravity field is the result of the massThe Earth's gravity field is the result of the mass  
distribution in the complete Earth system, including solid Earth, oceans, atmosphere, ice, land, and biosphere.distribution in the complete Earth system, including solid Earth, oceans, atmosphere, ice, land, and biosphere.  
Mass redistribution in any of the Earth sub-systems changes the gravity field. Satellite gravity missions provideMass redistribution in any of the Earth sub-systems changes the gravity field. Satellite gravity missions provide  
integral measurements of mass redistribution and transport from the whole Earth system including all sub-integral measurements of mass redistribution and transport from the whole Earth system including all sub-
systems from the outer atmosphere to the center of the Earth. systems from the outer atmosphere to the center of the Earth. 

The The Gravity Recovery And Climate Experiment (GRACE)Gravity Recovery And Climate Experiment (GRACE) provides the most accurate measurements of provides the most accurate measurements of  
temporal changes in the Earth's gravity field. This mission has a designed lifetime of 5 years, and it is currentlytemporal changes in the Earth's gravity field. This mission has a designed lifetime of 5 years, and it is currently  
in its 8in its 8thth year of operation. GRACE has demonstrated that satellite gravity missions have a  year of operation. GRACE has demonstrated that satellite gravity missions have a uniqueunique capability to capability to  
measure ice-sheet and glacier mass ablation or accumulation, terrestrial water storage change, and ocean massmeasure ice-sheet and glacier mass ablation or accumulation, terrestrial water storage change, and ocean mass  
variations. Mvariations. Measurement of net decreases in the masses of ice stored in Greenland, certain regions of Antarctica,easurement of net decreases in the masses of ice stored in Greenland, certain regions of Antarctica,  
and Alaskan glaciers are examples of that directly and Alaskan glaciers are examples of that directly provide quantifications of climate change impacts includingprovide quantifications of climate change impacts including  
measurements and quantification of geophysical causes of global sea level rise. Satellite gravimetry is the onlymeasurements and quantification of geophysical causes of global sea level rise. Satellite gravimetry is the only  
space-based technology able to observe mass variability beneath the top few centimetres of the Earth’s surface,space-based technology able to observe mass variability beneath the top few centimetres of the Earth’s surface,  
exemplified most recently by the discovery of a decline in the water table in northwestern India between 2002exemplified most recently by the discovery of a decline in the water table in northwestern India between 2002  
and 2008 of about 33 cm/yr due to groundwater withdrawals for irrigation.and 2008 of about 33 cm/yr due to groundwater withdrawals for irrigation.

During the study period, 2002-08, 109 km3 of groundwater was lost from the states of Rajasthan, Punjab, and 
Haryana; triple the capacity of Lake Mead

Groundwater depletion in Northern India: a slowly developing disaster. Groundwater depletion in Northern India: a slowly developing disaster. The GRACE observations for theThe GRACE observations for the  
first time allow to quantify the extent of groundwater depletion taking place in Northern India. Rodell et al.first time allow to quantify the extent of groundwater depletion taking place in Northern India. Rodell et al.  
(2009) estimate that the water table is declining at an average rate of 33 cm/yr. In a densely populated region(2009) estimate that the water table is declining at an average rate of 33 cm/yr. In a densely populated region  
with a low doubling time of the population, stress on groundwater resources can be expected to increase overwith a low doubling time of the population, stress on groundwater resources can be expected to increase over  
time, leading to accelerated depletion of this basic resource for human survival. time, leading to accelerated depletion of this basic resource for human survival. 
          

Trends in groundwater storage during 2002-08, 
with increases in blue and decreases in red. 
The study region is outlined.

Time series of total water from GRACE, simulated soil water, 
and estimated groundwater, as equivalent layers of water 
(cm) averaged over the region.  The mean rate of 
groundwater depletion is 4 cm/yr.  Inset: Seasonal cycle.
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