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Atmospheric river storms can drive costly
flooding, and climate change is making them
stronger

October 28 2021, by Tom Corringham

Satellite photo showing a river of moisture extending from Hawaii to Calfiornia,
Oct. 24, 2021. Credit: NOAA

Ask people to name the world's largest river, and most will probably
guess that it's the Amazon, the Nile or the Mississippi. In fact, some of
Earth's largest rivers are in the sky—and they can produce powerful
storms, like the ones now drenching northern California.
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https://www.star.nesdis.noaa.gov/GOES/conus_band.php?sat=G16&band=GEOCOLOR&length=240#
https://twitter.com/NWSWPC/status/1452245117860032521
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Atmospheric rivers are long, narrow bands of moisture in the
atmosphere that extend from the tropics to higher latitudes. These rivers

in the sky can transport 15 times the volume of the Mississippi River.

When that moisture reaches the coast and moves inland, it rises over the
mountains, generating rain and snowfall. Many fire-weary westerners
welcome these deluges, but atmospheric rivers can trigger other
disasters, such as extreme flooding and debris flows.

In the past 20 years, as observation networks have improved, scientists
have learned more about these important weather phenomena.
Atmospheric rivers occur globally, affecting the west coasts of the
world's major land masses, including Portugal, Western Europe, Chile
and South Africa. So-called "Pineapple Express" storms that carry
moisture from Hawaii to the U.S. West Coast are just one of their many
flavors.

My research combines economics and atmospheric science to measure
damage from severe weather events. Recently I led a team of researchers
from Scripps Institution of Oceanography and the Army Corps of
Engineers in the first systematic analysis of damages from atmospheric
rivers due to extreme flooding. We found that while many of these
events are benign, the largest of them cause most of the flooding damage
in the western U.S. And atmospheric rivers are predicted to grow longer,
wetter and wider in a warming climate.

Rivers in the sky

On Feb. 27, 2019, an atmospheric river propelled a plume of water
vapor 350 miles wide and 1,600 miles long through the sky from the
tropical North Pacific Ocean to the coast of Northern California.
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https://earthobservatory.nasa.gov/images/145260/atmospheric-river-swells-terrestrial-rivers
https://phys.org/tags/atmospheric+rivers/
https://scholar.google.com/citations?user=Cbyu9fMAAAAJ&hl=en
https://phys.org/tags/severe+weather+events/
http://dx.doi.org/10.1126/sciadv.aax4631
http://dx.doi.org/10.1126/sciadv.aax4631
https://doi.org/10.1029/2017GL076968
https://doi.org/10.1029/2017GL076968
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The science behind atmospheric rivers

An atmospheric river (AR) is a flowing column of condensed water vapor in the atmosphere responsible for preducing significant levels of rain and snow,
especially in the Western United States. When ARs move inland and sweep over the mountains, the water vapor rises and cools to create heavy precipitation.
Though many ARs are weak systems that simply provide beneficial rain or snow, some of the larger, more powerful ARs can create extreme rainfall and floods
capable of disrupting travel, inducing mudslides and causing catastrophic damage to life and property. Visit www.research.noaa.gov to learn more.

A strong AR transports an amount of water vapor roughly
equivalent to 7.5-15 times the average flow of water at the
mouth of the Mississippi River.

ARs are a primary feature in the entire global water
cycle and are tied closely to both water supply and
flood risks, particularly in the Western U.5.

On average, about 30-50% of annual
precipitation on the West Coast occurs
injusta few AR events and contributes
to the water supply —and

flooding risk.

Scientists’improved understanding of ARs has come from

roughly a decade of scientific studies that use observations from
es, radar and aircraft as well as the latest numerical weather
. More studies are underway, including a 2015 scientific

mission that added data from instruments aboard a NOAA ship.

Atmospheric rivers are an important water source for the U.S. West. Credit:
NOAA

Just north of San Francisco Bay, in Sonoma County's famed wine
country, the storm dumped over 21 inches of rain. The Russian River
crested at 45.4 feet—13.4 feet above flood stage.

For the fifth time in four decades, the town of Guerneville was
submerged under the murky brown floodwaters of the lower Russian

River. Damages in Sonoma County alone were estimated at over US$100
million.

Events like these have drawn attention in recent years, but atmospheric
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https://www.noaa.gov/sites/default/files/thumbnails/image/atmosphericrivers_final.jpg
https://phys.org/tags/storm/
https://cw3e.ucsd.edu/wp-content/uploads/2019/02/28Feb19_Summary/28Feb19_Summary.pdf
https://www.pressdemocrat.com/news/9342974-181/flooding-causes-estimated-155-million
https://www.pressdemocrat.com/news/9342974-181/flooding-causes-estimated-155-million
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rivers are not new. They have meandered through the sky for millions of
years, transporting water vapor from the equator toward the poles.

In the 1960s meteorologists coined the phrase "Pineapple Express" to
describe storm tracks that originated near Hawaii and carried warm
water vapor to the coast of North America. By the late 1990s
atmospheric scientists had found that over 90% of the world's moisture
from the tropics and subtropics was transported to higher latitudes by
similar systems, which they named "atmospheric rivers."

In dry conditions, atmospheric rivers can replenish water supplies and
quench dangerous wildfires. In wet conditions, they can cause damaging
floods and debris flows, wreaking havoc on local economies.

Helpful and harmful

Researchers have known for some time that flooding due to atmospheric
rivers could cost a lot of money, but until our study no one had
quantified these damages. We used a catalog of atmospheric river events
compiled by Scripps Institution of Oceanography's Center for Western
Weather and Water Extremes, and matched it to 40 years of flood
insurance records and 20 years of National Weather Service damage
estimates.
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https://doi.org/10.1029/94GL01710
https://cw3e.ucsd.edu/
https://cw3e.ucsd.edu/

After an atmospheric river event that caused severe flooding in Chile, sediment
washed down from hillsides into the Itata River can be seen flowing up to 50
kilometers from the coast. Credit: NASA Earth Observatory

We found that atmospheric rivers caused an average of $1.1 billion in
flood damages yearly in the western U.S. More than 80% of all flooding
damages in the West in the years we studied were associated with
atmospheric rivers. In some areas, such as coastal northern California,
these systems caused over 99% of damages.

Our data showed that in an average year, about 40 atmospheric rivers
made landfall along the Pacific coast somewhere between Baja
California and British Columbia. Most of these events were benign:
About half caused no insured losses, and these storms replenished the
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https://eoimages.gsfc.nasa.gov/images/imagerecords/145000/145260/itata_etm_2019182_lrg.jpg
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region's water supply.

But there were a number of exceptions. We used a recently developed
atmospheric river classification scale that ranks the storms from 1 to 5,
similar to systems for categorizing hurricanes and tornadoes. There was
a clear link between these categories and observed damages.

Flooding, rock slides, chain controls, overturned vehicles—and
that was just this morning. This atmospheric river storm is
expected to intensify with heavy rain and significant snow into
tomorrow. Do NOT drive if you don't have to. Follow
@NWSSacramento @NWSReno for updates.

pic.twitter.com/68X{8f AZPw

— Caltrans District 3 (@CaltransDist3) October 24, 2021

Atmospheric River category 1 (AR1) and AR2 storms caused estimated
damages under $1 million. AR4 and AR5 storms caused median
damages in the 10s and 100s of millions of dollars respectively. The
most damaging AR4s and ARSs generated impacts of over $1 billion per
storm. These billion-dollar storms occurred every three to four years.

A moister atmosphere means worse storms

Our most significant finding was an exponential relationship between the
intensity of atmospheric rivers and the flood damages they caused. Each
increase in the scale from 1 to 5 was associated with a 10-fold increase
in damages.

Several recent studies have modeled how atmospheric rivers will change
in the coming decades. The mechanism is simple: Greenhouse gases trap
heat in the atmosphere, warming the planet. This causes more water to
evaporate from oceans and lakes, and increased moisture in the air

6/8


https://doi.org/10.1175/BAMS-D-18-0023.1
https://twitter.com/NWSSacramento?ref_src=twsrc%5Etfw
https://twitter.com/NWSReno?ref_src=twsrc%5Etfw
https://t.co/68Xf8fAZPw
https://twitter.com/CaltransDist3/status/1452329829043515395?ref_src=twsrc%5Etfw
https://doi.org/10.1038/s41598-019-46169-w
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makes storm systems grow stronger.

Like hurricanes, atmospheric rivers are projected to grow longer, wider
and wetter in a warming climate. Our finding that damages increase
exponentially with intensity suggests that even modest increases in
atmospheric river intensity could lead to significantly larger economic
impacts.

Better forecasting is critical

I believe that improving atmospheric forecasting systems should be a
priority for adapting to a changing climate. Better understanding of
atmospheric rivers' intensity, duration and landfall locations can provide
valuable information to residents and emergency responders.

It also 1s important to discourage new construction in high-risk areas and
help people move to safer locations after major disasters, rather than
rebuilding in place.

Finally, our study underlines the need to reduce global greenhouse gas
emissions. These storms will keep coming, and they're getting stronger.
In my view, stabilizing the global climate system is the only long-term
way to minimize economic damage and risk to vulnerable communities.

This article 1s republished from The Conversation under a Creative
Commons license. Read the original article.
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