Weight of Water

In other EarthDates, we've talked about how water can shape
Earth’s surface.

It erodes mountains, slowly leveling them over millions of years.

It fills aquifers, and when those are drained too much or too
rapidly, the surface of the land above them can sink.

But another way water can shape the land is simply by weighting
it down. And when billions of tons of water evaporate from a
mountain range or inundate a city, the land can rise or fall.

California suffered a severe drought from 2011 to 2015. Scientists
studying its effect on the landscape surveyed the Sierra Nevada
range using sophisticated GPS.

This technology can detect changes in elevation of just 1 mm. It
revealed that the mountain range, which had lost 10 cubic miles of
water to evaporation, rose 1 inch during the drought.

Conversely, researchers studying the effects of Hurricane Harvey
found that it dumped 20 cubic miles of water on Texas and
Louisiana that weighed more than 100 billion tons.

This caused the Earth to sag beneath its weight, up to an inch
depending on the amount of floodwater.

They found that they could even trace the path of the storm over
the land by following the surface depressions left behind it.

As Harvey's floodwater drained into the Gulf of Mexico, GPS
measurements showed the surface slowly rebounding to pre-flood
levels.

Sonora Peak along the Pacific
Coast Trail in the Sierra
Nevada range rose about
1inch in elevation during

the drought of 2011-15.

Credit: H.S. Magnuski (GFDL
[http://www.gnu.org/copyleft/
fdl.html] or CC-BY-SA-3.0
[http://creativecommons.org/
licenses/by-sa/3.0/]) from
Wikimedia Commons
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Background: Weight of Water

Synopsis: Earth'’s surface is surprisingly sensitive to short-term changes in the weight of water, both on it
and in it. During historic droughts from 2011 to 2015, parts of the Sierra Nevada range grew an inch (2.5 cm)
as the amount of water in the rocks decreased by the amount of water Los Angeles uses each year. During
flooding related to Hurricane Harvey in 2017, parts of Houston sagged nearly an inch (2.1 cm) under the
weight of an inundation equivalent to the volume of Lake Champlain.

e Earth’s surface is very dynamic. Water can e From 2011 to 2015, California suffered through

change the elevation of Earth’s surface in a few
different ways.

O Water erodes mountains and deposits sediments
in basins.

0 Agquifers are partly supported by the water within
them, so removal of too much water can cause
them to “deflate,” resulting in ground subsidence
above them.

0 Loading Earth's surface with weight causes it to
bow downward—somewhat like a trampoline.
Unloading the weight enables the surface to
“rebound” to its previous shape. (In a previous
EarthDate, we talked about how the weight of
Pleistocene ice sheets depressed Earth’s surface
and is still causing elevation changes.)

Global Positioning System (GPS) measurements

have become more and more sensitive and reliable

as technology has improved. Researchers have de-
ployed thousands of GPS stations that record min-
ute changes in the 3D location of Earth's surface;
some networks can measure changes as small as
1 millimeter.

0 Scientists use GPS systems to monitor move-
ment of Earth’s surface in areas prone to natural
disasters, especially near active faults, landslide
areas, and volcanoes. They also use GPS to keep
track of natural processes like subsidence related
to snowpack loading or groundwater withdrawal.

O  Wireless technologies make it possible to moni-
tor changes on a real-time or daily basis, critical
for swiftly unfolding natural hazards.

O Rapid data processing provides essential infor-
mation that can be used to track and respond to
natural disasters while they are occurring.

drought so severe that elevations changed in the
Sierra Nevada range. With 11 years of detailed GPS
data from 1,300 stations available, scientists inves-
tigated what happens to mountain elevation during
the drought.

O By measuring elevations in the Sierra Nevada
range each October of successive years,
scientists found that during the drought of
2011-15, the range grew taller by 1 inch (2.5 cm).
" They determined that 70 percent of the change

came from water loss in the mountain range—
representing a decrease of 10.8 cubic miles (45 cu-
bic km, 36.5 million acre-feet) of water from the
mountains, which is almost the amount of water
that Los Angeles uses each year. Of the remainder,
20 percent came from regional changes related to

groundwater pumping and 10 percent came from

ongoing tectonic uplift.

0 Two years later, an increase of snowpack and
rainfall resulted in the mountains dropping back
down % inch (1.25 cm)—half of the elevation
they had gained through drought desiccation.

In August 2017, Hurricane Harvey left devastation
in its wake, and so much water that Earth's litho-
sphere sagged below it.

0 Hurricane Harvey dumped about 127 billion
tons of water (22.8 cubic miles, 95 cubic km,
77 million acre-feet) on Texas and Louisiana.

" |njust 5 days, some Houston neighborhoods re-
ceived 51 inches of rain (130 cm), a North American
record.

= Six cubic miles (25 cubic km, 20 million acre-feet)
of storm water pooled in Houston neighborhoods—
about the amount of water in Lake Champlain.

References: Weight of Water

Tracking How Rainfall Morphs Earth’s Surface Could Help Forecast Flooding | Science News £
Tracking the Weight of Hurricane Harvey's Stormwater Using GPS Data | AAAS Science Advances i )
Weight of Water Dropped by Hurricane Harvey Flexed Earth’s Crust | Eos .
Lose Water Weight, Grow an Inch? It Happened for These Mountains | LiveScience
Seasonal Variation in Total Water Storage in California Inferred from GPS Observations of
Vertical Land Motion | AGU Geophysical Research Letters

Contributors: Juli Hennings, Harry Lynch

GEOLOGY

2 BUREAU OF
,,:; Economic

EarthDate.org
Fact Sheet:
Episode ED 133


http://www.beg.utexas.edu/
http://www.earthdate.org
http://www.earthdate.org
http://advances.sciencemag.org/content/4/9/eaau2477
https://www.livescience.com/61185-sierra-nevada-mountains-get-taller.html
https://eos.org/articles/weight-of-water-dropped-by-hurricane-harvey-flexed-earths-crust
https://www.sciencenews.org/article/tracking-how-rainfall-morphs-earth-surface-could-help-forecast-flooding
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014GL059570

Background: Weight of Water

0 As the rain fell, GPS systems showed that the
ground began to subside almost immediately
under the tremendous weight of the water.

e Rainfall amounts can be predicted by meteoro-
logical reports, but to understand flood risk,
disaster teams need to know where the water

Separate surveys of GPS networks of 477 and 219 sta- will go.
tions showed that the surface was depressed an . .
average of 0.4 inches (1 cm), with the highest impact O GPS tracking can be used to predict the volume

areas ranging from 0.7 to 0.8 inches (1.8 to 2.1 cm),
respectively.

Researchers were able to see the trail of the storm
from Texas into Louisiana as the land progressively
sank beneath the moving floodwater.

Much of the floodwater flowed to the Gulf of Mexico
over a few days; the rest ended up in Houston’s
humid atmosphere via evapotranspiration over
the following 3 weeks, during which GPS showed
that the ground rebounded gradually to its original
configuration.

Coloradb River —

— Brazos River

— Lavaca River

Houston_~

of floodwater that will move downstream as it
proceeds along waterways toward the sea.

®  This kind of information helps reservoir managers
prepare for the arrival of floods by releasing water
ahead of the flood to stay within safety limits and
storage capacities for their dams.

— Galveston Bay

Sediment

The rivers and bays around Houston run brown with sediment load on August 31,
after Hurricane Harvey dumped more than 50 inches of rain on parts of the region.

Credit: NASA Earth Observatory
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