
What is groundwater?
Fresh water is one of our most important natural resources. 
Viewed from space, Earth is a “blue marble,” seemingly 
covered in an abundance of water. But the liquid water on 
Earth’s surface is primarily saltwater. Most organisms on 
land need fresh water to survive, and less than 1 percent of 
Earth’s water is accessible freshwater. Some can be found 
in lakes and rivers, but most of Earth’s unfrozen fresh water 
is underneath its surface in soil and in spaces between 
rocks, and is known as groundwater. 

Groundwater is an important part of Earth’s water cycle. 

Rainfall and melting snow that pass into the soil are stored 
in aquifers—underground layers of broken rock, gravel, or 
sediment, or holes and chambers in porous rock. Some of 
this groundwater eventually finds its way to lakes, rivers, 
and oceans. But in regions where surface water is scarce, 
people often depend on water pumped from aquifers, 
with some populations relying on groundwater for over 
75 percent of their water needs. Groundwater is especially 
precious when drought reduces accessibility of surface fresh 
water. As droughts increase in frequency and severity in 
response to climate change, groundwater reserves may be 
threatened. 
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Water Underground

Navigating the visualization

Life on Earth depends on fresh water, and nearly all of the liquid fresh water in the world is stored 
underground. This backgrounder accompanies the data visualization Water Underground at 

sciencebulletins.amnh.org/?sid=e.v.water_underground.20120424.

Data: This global image is a water 
storage anomaly map—not the actual 
water quantity, but the quantity relative 
to average—to convey how water both on 
and in the land changes over time.  

Time bar: The data that the twin 
GRACE satellites collect are processed 
into a single image per month.   

Legend: Shades of blue indicate land 
areas that are wetter than average and 
shades of reddish-brown indicate areas 
that are drier than average. 
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Related resources

Associated data visualizations

AMNH Science Bulletins: Water Underground
sciencebulletins.amnh.org/?sid=e.v.water_under-
ground.20120424

Water Underground: Datasets for NOAA’s Science on a 
Sphere 
sos.noaa.gov/datasets/extras/groundwater_amnh.html 

General resources

AMNH Science Bulletins: GRACE—Tracking Water from 
Space
sciencebulletins.amnh.org/?sid=e.f.GRACE.20090717

International Association of Hydrogeologists: About 
Groundwater
iah.org/groundwater_about.asp

NASA Earth Observatory: Texas Groundwater Severely 
Depleted (December 1, 2011)
earthobservatory.nasa.gov/IOTD/view.php?id=76575

National Drought Mitigation Center: NASA GRACE Data 
Assimilation
www.drought.unl.edu/MonitoringTools/
NASAGRACEDataAssimilation.aspx

NASA GRACE (Gravity Recovery and Climate Experiment)
csr.utexas.edu/grace/

World-wide Hydrogeological Mapping and Assessment 
Programme (WHYMAP)
whymap.org/whymap/EN/Home/whymap_node.html

Water 50/50 blog: A Drought of Texas-Size Proportions
blog.ucchm.org/2011/12/11/a-drought-of-texas-sized-
proportions-when-praying-for-rain-just-wont-do-the-
trick/

Collaborators 

Goddard Space Flight Center, Hydrological Sciences
neptune.gsfc.nasa.gov/hsb/index.php?section=103 

How is groundwater measured? 
Hydrogeologists combine geological maps and depth 
measurements from wells with usage statistics and 
climatological data to understand and predict groundwater 
storage and flows. However, groundwater data are rarely 
available for regions outside of the United States. Satellite 
observations and computer models are important tools for 
assessing groundwater resources on a global scale.

Because water has mass, the distribution and movement of 
water causes subtle variations in Earth’s gravity field. While 
imperceptible to humans, these variations affect satellite 
orbits. In 2002, NASA launched the Gravity Recovery and 
Climate Experiment (GRACE) satellite pair to measure 
Earth’s gravity field with enough precision to infer changes 
in the amount of water stored on and in the land—including 
groundwater, soil moisture, surface waters, snow, and ice. 

GRACE’s maps do not show the absolute amount of water 
stored in a given region. Instead, they are anomaly maps—
the difference from the long-term average. In other words, 
they show the areas that are drier than average (shades of 
reddish-brown) and wetter than average (shades of blue). 
This visualization animates monthly water storage anomaly 
maps to convey when and where water resources above 
ground and below are depleted or abundant.

The impact of drought
Groundwater is replenished by precipitation. During 
droughts, aquifer recharge slows while discharge to surface 
waters and groundwater pumping continue, causing aquifer 
levels to drop. Computer models that diagnose drought 
combine GRACE data with measurements of precipitation 
and other observations to map how groundwater is 
changing on a finer scale than GRACE can detect. In the 
southern United States, drought conditions have persisted 
since October 2010, and computer models reveal that 
Texas, Georgia, and Alabama have suffered greatly reduced 
levels of groundwater in their aquifers as a result.

The future of groundwater

The value of groundwater to ecosystems and human 
communities worldwide is enormous. With climate change 
expected to increase the frequency and severity of drought 
in many regions, water resources are likely to be strained 
and reliance on groundwater increased. Groundwater 
quality is also affected by saltwater intrusion, agricultural 
practices, and pollution. Global population growth and 
increasing standard of living will create additional demands 
on fresh water supplies and on aquifers in particular. 
Careful monitoring and conservation of groundwater 
resources will be necessary to preserve this vital resource.

http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html

