NEWS AND NOTES
New Research Links
Acoustic and Gravity
Waves

Scientists have for the first time
established a solid relationship
between surface gravity waves
a nd acou st ic g r av it y wave s .
Acoustic waves are extremely
quick and long sound waves that
sometimes reach hundreds of kilometers in length and propagate
through the ocean at the speed of
sound, picking up water, nutrients, and other particles as they
go. They are generally caused
by powerful oceanic events like
under water ear t hqua kes and
landslides. Surface gravity waves,
or surface ocean waves, travel at
a much slower pace on top of the
ocean. Usama Kadri and Triantaphyllos Akylas of the Massachusetts Institute of Technology
developed a general theory connecting the two types of waves
after discovering that two surface
gravity waves approaching each
other oscillating at comparable
frequencies can release almost
all of their initial energy as an
acoustic wave, which then transports this energy much faster and
deeper into the water. While the
scientists found this synergy can
occur in any part of the ocean, it
is more common in areas where
surface gravity waves reflect from
the edges of continental shelves
and interact.
The research, which could have
valuable implications for marine
life, water transport, CO2 and heat
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distribution, and tsunami warnings, was published recently in the
Journal of Fluid Mechanics.
The discovery was surprising
because the properties of gravity
waves and acoustic waves differ
greatly, in both length and time
scales. Surface gravity waves are
restored and stabilized mainly by
gravity, but gravity has a minimal
effect on sound waves. Water’s
compressibility allows pressure
waves (e.g., sound waves) to pass
through it. But compressibility
and gravity are not factored in
typical water wave equations that
characterize ocean wave interactions, and “without compressibility
and gravity, we cannot describe
low-frequency sound waves correctly,” says Kadri; therefore such
equations normally don’t apply to
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acoustic gravity waves. “This is one
of the reasons why researchers have
mostly overlooked acoustic gravity
waves,” he notes.
Kadri and Akylas derived a
new wave equation that includes
both compressibility and gravity.
Their wave equation also contains
higher-order nonlinear terms, because while in linear theory surface
gravity waves do not feel each other
or exchange energy, Kadri explains,
“in reality the picture is more complicated, and nonlinear effects may
come into play, resulting in energy
exchange and even generation of
new waves, sometimes. Here, at
specific frequency ranges, gravity waves can actually produce an
acoustic wave that has completely
different properties—and that is
amazing.”

ECHOES

If something were to go wrong it would be very,
very bad.”
—Richard B eneville, mayor of Nome, Alaska, on the plan for a luxury
cruise ship to sail through the Northwest Passage in the Arctic next summer. The Crystal Serenity cruise ship—which at 820 feet in length and 105
feet wide is larger than the Titanic—is raising concerns with both the U.S.
and Canadian coast guards and government officials. With Arctic sea ice
at the lowest level ever recorded, shipping traffic has increased along with
the necessity of coast guard rescues. Officials say the danger lies in the
massive size of the boat and the challenge of rescuing more than 1,000
passengers up to 1,000 miles from the nearest coast guard base if it were
to sink (not to mention the lack of roads, unreliable cellphone reception,
and sparse medical facilities in the area). For those willing to take on the
potential risks, the trip—which leaves from Seward, Alaska, in August
2017 and travels through the Bering Strait and Northwest Passage to
New York City over 32 days—comes with a starting price tag of close to
$22,000. [Source: weather.com]
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With the newly created equation, Kadri analyzed the theoretical interactions of a wave
triad with two surface gravity
waves and one acoustic gravity wave, and derived evolution
equations, which explain how
the waves’ amplitudes change
during their energy exchange.
The equations showed that the
two surface waves moving toward
each other at a similar frequency
and amplitude convert up to 95%
of their energy into an acoustic
gravity wave as they meet and
pass through each other. Depending on the initial amplitudes and
frequencies of the surface gravity
waves, this energy can fluctuate,
but even when the surface gravity
waves travel in the form of short
bursts, they can still transfer
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more than 20% of their energy to
acoustic gravity waves.
“This is incredible, just to think
that these waves are so different,”
Kadri says. “Having them sharing
energy is really exciting; this explains how some of the energy that
comes from the atmosphere, from
the sun and the wind, to the upper
part of the ocean, can actually be
driven to roll in the deep ocean
through acoustic gravity waves.”
The study’s findings could be
used by scientists to better understand the interactions between surface and deep-ocean waters, as well
as the effects of the atmosphere on
surface waves. Additionally, Kadri
hopes the research will be helpful
in creating a technique to identify
acoustic gravity waves that precede
a tsunami.

“Severe sea states, such as tsunamis, rogue waves, storms, landslides, and even meteorite falls,
can all generate acoustic gravity waves,” Kadri notes. “We hope
we can use these waves to set an
early alarm for severe sea states
in general and tsunamis in particular, and potentially save lives.”
[Source: Massachusetts Institute
of Technology]

Identifying Why Hurricanes
Weaken Near L and

When Superstorm Sandy was
approaching the Atlantic Coast
in October of 2012, many coastal
residents failed to consider it
a serious threat, remembering
that the previous year Hurricane Irene was forecast to be a
dangerous storm but fizzled as it
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reached land. It turns out that the
potency of Irene was suppressed
by a natural process that curtails
the warm near-shore ocean temperatures that feed summertime
tropical storms. The finding,
published recent ly in Nature
Communications, could lead to
improved hurricane-intensity
forecasting, which still lags behind hurricane-track forecasting
improvements.
Researchers initiated the study
as Irene stormed up the coast
in August of 2011. New Jersey
residents and visitors were told
to evacuate beaches and other
coastal areas, but as noted by the
study’s lead author, Scott Glenn
of Rutgers University, when the
storm arrived, “nothing happened
on the beach.” While Irene was
still plenty strong—it ranks as the
seventh-costliest hurricane in U.S.
history—its winds did not reach
the levels that were predicted by
forecasters. During the storm,
the researchers took satellite and
radar data, as well as wind and
temperature readings from offshore buoys and various data from
an autonomous underwater glider.
The measurements revealed that
Irene’s powerful winds caused
warm surface waters just off the
coast to mix with the cold bottom layer of the ocean, promptly
cooling the surface waters as the
eye of the storm approached.
These cooler waters diminished
the storm’s intensity before it
reached land.
“Satellite imagery from before
and after the storm revealed that
the ocean surface cooled up to
11 degrees Celsius, or 20 degrees
Fahrenheit,” notes coauthor Oscar
Schofield, also of Rutgers.
The researchers then looked
at 10 other summertime Atlantic
storms from the years 1985–2015,
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studying only summer storms because that is when coastal waters
of the mid-Atlantic are at their
peak temperature. They found
that “the cooling occurred in every
[studied] hurricane that crossed
the mid-Atlantic coastal waters
in summer,” says coauthor Robert
Forney, a Rutgers undergraduate
student. They even found evidence
of the same process in the Pacific
Ocean in 2011’s Typhoon Muifa,
which weakened after crossing the
Yellow Sea.
Ocean physics patterns causing
cooling—typically upwelling—
had previously been observed in
deeper ocean waters well offshore,
but never in coastal areas, and
the researchers believe including
coastal water conditions in hurricane intensity forecasts could
reduce emergency preparation
costs and enhance the public’s trust
in forecasts.
Study coauthor Greg Seroka of
Rutgers calls the finding “a missing
piece required to close the intensity
gap” for landfalling summer hur-

ricanes. [Sources: Rutgers University, Scientific American]

Study Finds FarReaching Climate Effects
of Asian Irrigation

While most studies of irrigation’s
influence on climate have focused
on its effects on hydrological and
energy cycles, new research published in Geophysical Research Letters has discovered that irrigation
can have intercontinental impacts.
For the study, researchers utilized the Max Planck Institute
for Meteorology's Earth System
Model, and included an irrigation scheme in the land portion
of the model. They focused on
South Asia, where rice production has given rise to the world’s
largest share of irrigation systems.
Model results showed that irrigation in that region influences as
much as 40% of the precipitation
several thousand kilometers away
in some areas of East Africa. The
process is driven by leaf transpiration and soil evaporation, which
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increase the amount of water vapor emitted to the
atmosphere. The researchers found that this occurred
in the Northern Hemisphere at the onset of spring,
when low-level winds in the Arabian Sea carry significant amounts of water vapor from South Asia to
the east coast of Africa. But later in the spring those
winds change direction, cutting off the delivery of
moisture from South Asia and instead bringing it
in from the Middle East. This change in the origin
of precipitation from South Asia to the Middle East
is equivalent to more than one-third of the average
yearly rainfall in some drier parts of East Africa.
The research also showed that irrigation can cool
surface temperatures in some remote East African
regions by as much as 0.5°C.
Additionally, the researchers found that irrigation depresses the Asian monsoon that brings heavy
rainfall to Southeast Asia in the summer; this reduces
rainfall in the region by up to 2 millimeters per day
and increases temperatures by up to 2°C.
According to the study’s authors, their modeling
indicated that the effects they found in Asia and Africa
could also be occurring in other parts of the world,
and that future changes in irrigation practices could
be influential for both precipitation and temperatures
in remote regions globally.
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ECHOES

Pavement, to me, is the problem.”
—Samuel B rody, professor at Texas A&M University,
on the damage caused by historic flooding in Houston in April when almost 10 inches of rain fell in 6
hours, triggering flash floods. Although Houston has
a long history with flooding, there’s been an upsurge
in property damage and loss of life recently. Brody is
blaming it on the increase in paved surfaces that has
come with a significant boost in the city’s population.
He and his colleagues calculated that between 1996
and 2001, the region increased its paved surfaces
by about 25%, or hundreds of square miles. Since
pavement is impermeable, the water has nowhere
to go when the heavy rain falls. While better flood
planning is necessary, Brody notes it shouldn’t be left
to individual developments or neighborhoods since
the rain doesn’t fall evenly over the Houston area.
Research he and his colleagues conducted suggests
that some solutions could involve changing building
codes, elevating structures to reduce property loss,
and designating vulnerable areas as protected open
spaces. [Source: CNBC.com]
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LOOKING FOR AN EXPERT?

LOOK TO AMS!

AMS announces the launch of our new online directory of

Weather and Climate Service Providers.
This new online directory replaces the
former BAMS Professional Directory and
lists an array of weather and climate service
providers. You can ﬁnd the new directory
under the “Find an Expert” link from the
AMS home page.
It’s easier than ever for the weather,
water, and climate community and
the general public to search for
organizations and individuals oﬀering these
important services.
Learn more at www.ametsoc.org

NEW!

Weather & Climate Service
Providers Directory
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Looking at ENSO to Help Predict Tornadoes
Current tornado forecasting is only accurate to about
seven days in advance of the storms. But a new study
published in Environmental Research Letters suggests
that regional tornado outbreaks could be predicted as
much as 1–3 months ahead of time by studying patterns
in the spring phases of the El Niño-Southern Oscillation (ENSO). Variability in North Atlantic sea surface
temperatures also was identified as important.
Using the definition of a regional tornado outbreak as 12 or more F1-F5
“F-scale weighted” tornadoes (weighted to emphasize
more intense and violent
tornadoes) occurring within
five days and a 200-kilometer radius, the researchers
studied spatial patterns of
outbreaks that occurred in
springtime in the United
States between 1950 and 2014
during the four different
kinds of springtime ENSO
phases: strong El Niños and
La Niñas that linger well into
springtime, and weak El Niños and La Niñas that last for
only a short time after their
winter peak. They discovered that each phase had a
distinctive impact on tornado outbreaks, as illustrated
in the figure (black dots
indicate a significantly heightened risk of an outbreak).
Strong, lingering El Niño events generally are followed by limited tornado activity, except for around the
Gulf Coast and central Florida in February (top left).
A weak, shortened El Niño event leads to as much as a
50% increase in the odds favoring tornado outbreaks in
the Upper Midwest in May (top right). When La Niña
lingers into springtime and then resurges into a secondyear La Niña in the fall, the probability of outbreaks in
parts of the Ohio Valley, southeast United States, and
Upper Midwest in the April between the two La Niña
years increases by almost 60% (bottom left). And when
a La Niña lasts for two years and then develops into
an El Niño, there is a 50% increase in the probability
of an outbreak in parts of the southern United States,
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particularly in Kansas and Oklahoma during April of
the transition year (bottom right).
The researchers noted that the two superoutbreaks
of tornadoes in the South in 2011 as well as the historic 1974 Superoutbreak all occurred in resurging
La Niña years.
The study found a separate connection between
North Atlantic sea surface temperature variability and
tornado outbreaks, as well, owing to regional forcing

mechanisms with the different phases of such teleconnections as the North Atlantic Oscillation (not shown).
The study clarifies that this research does not result
in seasonal springtime tornado prediction, and points
out that more work is needed to build a seasonal prediction model or provide accurate predictive skill. Still, it
notes that the results are quite promising.
“This is very exciting research because it can have a
direct impact on saving people's lives and minimizing
damages,” notes the study’s lead author, Sang-Ki Lee of
NOAA's Atlantic Oceanographic and Meteorological
Lab. “Extending our severe weather outlooks beyond
seven days will give communities much needed time to
prepare.” [Source: NOAA; Image Credit: Climate.gov/
Will Chong (MAPP)/Alison Stevens (MAPP)]
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ON THE WEB
New Portal Highlights
Rising Seas

With the world’s oceans continuing to advance, “sea level change
is a hot topic in climate research,”
notes Carmen Boening of NASA’s
Jet Propulsion Laboratory (JPL).
Boening helps manage a new web
portal developed by JPL that aims
to bring together much of that
research in one location, helping
both scientists and the public keep
track of the vast amount of available information.
The site, called “Sea Level
Change: Observations from Space”

(https://sealevel.nasa.gov), features
a comprehensive overview of the
current knowledge of sea level
rise based on decades of research,
including causes, observations,
projections, and potential ways
society might adapt. The site also
includes an interactive data analysis
function, which gives users direct
access to NASA’s sea level datasets
and allows them to generate charts,
graphs, and maps of various data
such as sea surface temperature and
height anomaly. Users can also utilize this tool to forecast future conditions and hindcast past trends.

Additionally, the site includes
interviews with researchers in the
field, a library of published papers
on sea level rise and related subjects, videos and still photos, and
a glossary, and it regularly adds
NASA news stories about the latest
sea level research.
The new site “provides a NASA
resource for researchers and a
wealth of information for members of the public seeking a deeper
understanding of sea level change,”
says Boening. [Source: Jet Propulsion Laboratory]

CONFERENCE NOTEBOOK
Jan to Apr 2016

The Arctic Report Card

Issued annually since 2006, the
Arctic Report Card is a clear,
reliable, and concise source of
information on the current state
of the Arctic environment relative
to historical records. Following
record and near-record changes
in sea ice in 2015 that are having profound effects on the marine ecosystem (fishes, walruses,
primar y production) and sea
surface temperatures, the annual
update for 2016, to be released in
December, is projected to mark a
landmark year of Arctic change.
Prepared by an international
team of more than 70 scientists
from 11 countries, the Arctic Report Card serves as a timely, peerreviewed source that includes
essays on air temperature; terrestrial snow cover; the Greenland Ice
Sheet; sea ice; sea surface temperature; ocean primary productivity;
and tundra greenness, with less
frequent updates on additional
topics such as ozone, permafrost,
caribou, and marine mammals.
AMERICAN METEOROLOGICAL SOCIETY
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Near-surface winter 2016 (Jan-Apr) Arctic temperature differences
from long-term averages (1981–2010). The entire Arctic was involved
with 4-month temperature differences of greater than 4°C. (Image
provided by NOAA’s Earth System Research Laboratory, Physical
Sciences Division, www.esrl.noaa.gov/psd/, based on the NCEP/NCAR
Reanalysis.)
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Highlights of the Report Card
in 2015:
• Maximum sea ice extent on
February 25 was 15 days earlier
than average and the lowest
value on record (1979–present).
Minimum ice extent in September was the fourth lowest on
record. Sea ice continues to be
younger and thinner: in February and March 2015 there was
twice as much first-year ice as
there was 30 years ago.
• Air temperatures in all seasons
between October 2014 and September 2015 exceeded 3°C above
average over broad areas of the
Arctic, while the annual average
air temperature (+1.3°) over land
was the highest since 1900.
• The 2nd lowest June snow cover
extent on land continued a
decrease that dates back to
1979, while river discharge from
the great rivers of Eurasia and
North America has increased
during that time.
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• Melting occurred over more
than 50% of the Greenland Ice
Sheet for the first time since the
exceptional melting of 2012,
and glaciers terminating in the
ocean showed an increase in ice
velocity and decrease in area.
• Walruses are negatively affected by loss of sea ice habitat but
positively affected by reduced
hunting pressure, while sea ice
loss and rising temperatures
in the Barents Sea are causing
a poleward shift in fish communities.
• Widespread positive sea surface temperature and primary
production anomalies occurred
throughout the Arctic Ocean
and adjacent seas as sea ice
retreated in summer 2015.
• Terrestrial vegetation productivity and above-ground
biomass have been decreasing
since 2011.

Already observed in 2016 are record-setting high air temperatures
for January–April and low winter
sea ice extents. We anticipate that
the extreme warm temperatures
will have impacts throughout the
Arctic system; for example, spring
2016 had reduced seal habitat, and
there were major early wildfires
in northern forests. Scientists are
watching for possible record loss
of September sea ice.
The Arctic Report Card is intended for a wide audience, including scientists, teachers, students, decision-makers, and the
general public interested in the
Arctic environment and science.
The web-based format expands the
availability of the content (www
.arctic.noaa.gov/repor tcard).
—Nancy N. Soreide (NOAA/
PMEL), M. Jeffries, J. A. RichterMenge, and J. E. Overland,
“Arctic Report Card: Update for
2015,” presented at the conference
Disseminating Earth Science and
Climate Information for Better
Decision Making, 10–14 January
2016, New Orleans, Louisiana.
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