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Jason Program Web Pages

NS

= NOAA /NESDIS/STAR
-._:::'— Laboratory for Satellite Altimetry Intranet » Contact » Skip navigation

i Fobarsion for Jatolite Laboratory for Satellite Altimetry (LSA)

Altimetry >>
¢ Contact / Personnel

The LSA specializes in the application of satellite altimetry to a broad array of climate and weather related issues, including global and
»Jason Mission regional sea level rise, coastal and open-ocean circulation, weather prediction — from hurricane intensity forecasting to El Nifio and La
Nifia events -- and monitoring the changing state of the Arctic Ocean. The following are some primary areas of focus:

» Projects

¢ Sea Level Rise =
« Arctic Sea Ice Jason Altimeter Program

« Altimetric Bathymetry ‘ ‘ - With the planned launch of Jason-3 in 2015,
v, NOAA and its operational European partner,
EUMETSAT, will assume primary
responsibility for maintaining the more than

¢ Near Real-time Altimetry
« RADS
¢ GEBCO Cookbook

¢« OSCAR - - Jason 3 ' 22-year TOPEX/Jason series of high
«.p‘,' J'.‘;_- 2018

L

= accuracy, global sea level observations used
» Current Missions to monitor ocean circulation and sea level

¢ Jason i ' rise. The LSA is the science focal point for the
¢ CryoSat-2 2008

Legacy Missions
¢ Geosat
¢ Geosat Follow-on (GFO)

Data and images displayed on TOPEX/Poseidon
STAR sites are provided for ‘ 1992-2008
experimental use only and are
not official operational NOAA
products. More information>>
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Jason Users

Jason Ocean Altimetry: Benefits to the Nation

The Earth’s oceans and atmosphere are inextricably linked. Only from space can we observe the vast oceans on a global scale and
monitor critical changes in ocean currents, sea surface height, and heat storage. Since 1992, U.S. and European partners have
jointly developed and operated the series of ocean altimetry satellites to provide precise, continuous global measurements:
Jason-2 is the satellite currently on orbit; Jason-3 is scheduled for launch in March 2015 to provide uninterrupted data continuity.
These data, in conjunction with data from current and next-generation geostationary and polar-orbiting satellites, are used ient Coastal Communities and Economies:
operationally by government agencies and the private sector, to make more accurate weather predictions over land and ocean,
from hurricane intensity forecasting to inter-annual events such as El Nifio and La Nifia. The bottom line? Ocean weather models
in some cases will be substantially degraded and in others — such as those used in search & rescue and oil spill response - cease
functioning if altimetry observations are not available, putting lives and property at risk. The following are some of the
applications and end users that depend on the ocean weather models that data from Jason makes possible:

Weather — Ready Nation: sers — Federal and state ies, and private
3 ,4 Hurricane Forecasting

The National Hurricane Center uses Jason data to derive ocean heat content to improve
hurricane intensity forecasting as much as 3 days in advance. This improved information aids in
planning evacuations, thus saving lives and property. (Image: ocean heat content map based on
Jason data shows Katrina intensifying to Category 5 hurricane when passing over Loop Current).
End Users — National Weather Service (NWS), Federal Emergency Management Agency
(FEMA), Department of Homeland Security (DHS), U.S. Navy, news organizations, state and
local disaster managers.

1and Rescue

S. Coast Guard (USCG) Search & Rescue (SAROPS) uses Jason-derived surface currents to
2arch patterns for life saving operations. Knowing the currents allows the USCG to
v-down search zones, improving response times, saving lives, property, and operational

Off-Shore Operations

Off-shore oil platform operators rely on high current warnings based on Jason data to avoid
accidents during sensitive operations, such as lowering or raising drill strings. Knowing the
predicted paths of energetic ocean “eddies” allows operators to schedule activities to reduce the
risk of a major equipment accident or environmental disaster.

End Users - oil industry and private oceanographic service providers.

High Wave Warnings

The NWS provides operational high wave warnings in the open ocean based in part on Jason
observations that save lives and property.

End Users — USCG, U.S. Navy, NWS, commercial ship operators, cruise ship operators,
commercial fisherman, offshore oil platform operators, Federal and State coastal
managers.

‘Il Response

\ation on surface currents, collected by the Jason satellites, are used to predict the

nent of oil spills, making it possible to respond quickly and effectively.

iers — Federal agencies (e.g., NOAA, FEMA, EPA), state agencies, and private oceanographic
2 providers.

El Nifio/La Nifia Seasonal Forecasting

The NWS uses Jason observations to initialize seasonal El Nifio/La Nifia forecasts which provide
early warnings of droughts in some regions and excessive precipitation elsewhere. Persistent El
Nifio conditions can cause weaker than normal upwelling and lower biological production.
These conditions can affect Pacific Ocean ecosystems and valuable West Coast fisheries.

End Users — NWS, DHS, U.S. Navy, Department of the Interior, news organizations, State and
local disaster managers, agriculture sector, Federal and State wildfire fighting agencies.

Global and Regional Sea Level Rise

The now 22 year record of altimetry data shows sea level rising at about 3 mm/year, nearly
twice as fast as during the last century. The global rate of sea level rise has been estimated to
be approximately 2/3 due to ice melt and 1/3 due to ocean warming (i.e., thermal expansion).
These increases place coastal and low lying communities at risk during storm surge.

End Users — Federal, state, and local coastal managers, IPCC, academia, U.S. Navy.

Healthy Oceans:

Fisheries and Trust Species Management

Jason data used to map surface currents are also used in ecosystem models to help scientists
and policy makers understand how changes in the environment affect fish stocks. NOAA’s
National Marine Fisheries Service (NMFS) uses sea surface height to provide essential data on
ocean fronts and eddies to identify and forecast habitat to help understand and protect
species of interest like the northern fur seal, Loggerhead turtles, and Pacific albacore tuna.
End Users — NMFS, State agencies, Sea Grant Institutions, management councils.

J Services

derived surface currents are used by recreational and commercial fishermen to

ize fish search time and boat operating costs. In addition, the fishing sector also uses
>f the seafloor (bathymetry) that are produced with data collected by Jason.

sers — commercial ocean service providers, commercial and recreational fishermen.

-
. Energy Siting Purposes
Ocean Hypoxia Dead Zones Jason-derived surface currents are used in the siting of off-shore facilities, like oil platforms
Multi-decade declines in oxygen (hypoxia) have been observed in the coastal waters off the and ocean wind power farms.
West Coast and Gulf of Mexico, causing serious disruption to the marine environment. The 8 End Users — Federal agencies (e.g., NOAA, Department of Energy, Bureau of Ocean Energy
phenomena are influenced by air and water-borne pollution and changing ocean circulation [ ), State and private oceanographic service providers.
patterns monitored and investigated with ocean models initialized with Jason observations.
End Users — Federal and State coastal S, demia, Sea Grant ituti

For more information, please visit: http://www.ospo.noaa.gov/Operations/Jason2

ATIONAL OCEANIC & ATMOSPHERIC ADMINISTRATION-

- —— -
Please contact.Siesra-Jenes{sierra.jofies@noaa.gov and 202.48.

OSTST 2014 Konstanz, Germany



Sea Ice Program Web Pages

NS

= NOAA /NESDIS /STAR
E"’— Laboratory for Satellite Alt'mEtrY Intranet « Contact » Skip navigation

» Laboratory for Satellite
Altimetry >>
¢ Contact / Personnel

Laboratory for Satellite Altimetry (LSA)

: i | The LSA specializes in the application of satellite altimetry to a broad array of climate and weather related issues, including global and
»Jason Mission regional sea level rise, coastal and open-ocean circulation, weather prediction — from hurricane intensity forecasting to El Nifio and La
——— 1 Nifia events -- and monitoring the changing state of the Arctic Ocean. The following are some primary areas of focus:

» Projects
¢ Sea Level Rise
¢ Arctic Sea Ice
¢ Altimetric Bathymetry
% Near Real-time Altimetry

Arctic Sea Ice

- The Arctic has been experiencing
tremendous change over the past decade,

« RADS including historic declines in sea ice thickness
&« GEBCO Cookbook and extent. The LSA Sea Ice Team is using
* OSCAR data from CryoSat-2 and other altimeter

missions to observe seasonal changes in sea

» Current Missions ice thickness, with the goal of using this

¢ Jason information in sea ice prediction models.
¢ CryoSat-2 Read more

Legacy Missions @ | S NN @09 e g T

¢ Geosat

% Geosat Follow-on (GFO)

Data and images displayed on
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More information>>
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Bathymetry Program Web Pages

NS

= NOAA/NESDIS/STAR
= Laboratory for Satellite Altlmetry Intranet « Contact » Skip navigation

e Laboratory for Satellite Altimetry (LSA)

¢ Contact / Personnel

The LSA specializes in the application of satellite altimetry to a broad array of climate and weather related issues, including global and
»Jason Mission regional sea level rise, coastal and open-ocean circulation, weather prediction — from hurricane intensity forecasting to El Nifio and La
Nifia events -- and monitoring the changing state of the Arctic Ocean. The following are some primary areas of focus:

» Projects
¢ Sea Level Rise
® Arctic Sea Ice
¢ Altimetric Bathymetry
% Near Real-time Altimetry

Ocean Bottom Topography

- Seamounts, mid-ocean ridges, trenches —
all of these marine geophysical features

« RADS maodify local gravity in ways that cause
¢ GEBCO Cookbook variations in mean local sea level. The LSA,
* OSCAR in collaboration with Scripps Institution of

Oceanography, pioneered the use of satellite

» Current Missions altimeter observations of these sea level

¢ Jason "signatures" to determine the first truly global
- -

CryoSat: 2_ . map of ocean bottom topography. Read more
LegacyMissions | B, | Se &8 A ™ maporocean botlom fopography. Reaq mere
¢ Geosat

% Geosat Follow-on (GFO)

Data and images displayed on
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More information>>
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Sea Level Rise Web Pages

\;/ NOAA / NESDIS / STAR
-E Laboratory for Satellite Alt'metry Intranet * Contact * Skip navigation

e Laboratory for Satellite Altimetry (LSA)

% Contact / Personnel

The LSA specializes in the application of satellite altimetry to a broad array of climate and weather related issues, including global and
»Jason Mission 7 regional sea level rise, coastal and open-ocean circulation, weather prediction — from hurricane intensity forecasting to El Nifio and La
Nifia events -- and monitoring the changing state of the Arctic Ocean. The following are some primary areas of focus:

» Projects
¢ Sea Level Rise
¢ Arctic Sea Ice
¢ Altimetric Bathymetry
% Near Real-time Altimetry

Sea Level Rise

- The Jason global mean record shows sea
level rising at about 3 mm/year, nearly twice

« RADS as fast as during the last century. Research
* GEBCO Cookbook into the causes of sea level rise, through the
*“ OSCAR addition of ice melt water, ocean warming

» Current Missions
€ Jason
% CryoSat-2
Legacy Missions
% Geosat
¢ Geosat Follow-on (GFO)

(thermal expansion), and changes in ocean

Data and images displayed on
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More information>>
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Global Sea Level Rise Data

NS

= NOAA/NESDIS/STAR
—— Laboratory for Satellite Altimetry imirangt » Contact » Skip nevigation

N —

» Laboratory for Satellite & X
m,,,mr" | Laboratory for Satellite Altimetry / Sea Level Rise
» Sea level rise >> | Sea level rise
¢ Project background
« Radar Altimater Database One of the most significant potential impacts of climate change is sea level rise that may cause inundation of coastal areas and islands,
System shoreline erosion, and destruction of important ecosystems such as wetlands and mangroves. As global temperatures increase, sea
« Tide gauge comparison level rises due to a thermal expansion of upper layers of the ocean and melting of glaciers and ice sheets.
+ Jason radiometer stability _ _ " . - .
monitoring The measurement of long-term changes in global mean sea level can provide an important corroboration of predictions by climate
s Toam mombers & contact models of global warming. Satellite altimeter radar measurements can be combined with precisely known spacecraft orbits 10 measure
« Publications sea level on a global basis with unprecedented accuracy. A series of satellite missions that started with TOPEX/Poseidon (T/P) in 1982
and continued with Jason-1 (2001-2013) and Jason-2 (2008—present) estimate global mean sea level every 10 days with an uncertainty
»Products
of 3—4 mm.
% Sea level trend map
¢ Sea level data and plots Jason-2, launched 20 June 2008, Is a joint effort between NOAA, the Mational Aeronautics and Space Administration, France’s Centre
& Global mean sea level National d'Etudes Spatiales (CNES) and the European Organisation for the Exploitation of Meteoroiogical Sateliites (EUMETSAT).

& Reglonal mean sea level
% Sea lovel animations
% Data use policy

The latest mean sea level time series and maps of regional sea level change can be found on this site.

Global mean sea level from TOPEX/Poseidon, Jason-1, Total sea level change since 1993
» Sea level rise bibliography and Jason-2

» Related links

Data and images displayed on
STAR sites are provided for = =] 3
experimental use only and are E
not official operational NOAA =
preducts. More information>> 2
3 '
=
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Global Mean Sea Level Series

NS

NOAA / NESDIS / STAR
-E Laboratory for Satellite Altimetry Intranet « Contact = Skip navigation

< et Laboratory for Satellite Altimetry / Sea Level Rise

» Sea level rise | The following tables provide estimates of sea level rise based on measurements from satellite radar altimeters. Plots and time
« Project background series are available for TOPEX/Poseidon (T/P), Jason-1, and Jason-2, which have monitored the same ground track since 1992,
* Radar Altimeter Database and for most of the altimeters that have operated since 1991, including T/P, Jason-1, Jason-2, ERS-2, GFQ, and Envisat.

e Only altimetry measurements between 66°S and 66°N have been processed. An inverted barometer has been applied to the time
“ Tide gauge comparison

© Jason radiometer stability series. The estimates of sea level rise do not include glacial isostatic adjustment effects on the geoid, which are modeled to be
monitoring +0.2 to +0.5 mm/year when globally averaged.
* Team members & contact

» Publications Global sea level time series

» Products Global mean sea level from TOPEX/Poseidon, Jason-1, and Jason-2
- sea Iml trﬂl'ld map i 1 il 1 Il 'l L L i L 1
* Sea level data and plots >>
¢ Global mean sea level
¢ Regional mean sea level
® Sea level animations
* Data use policy

global mean sea ievel
(el V Al seasonal signals removed
trend: 2.9 = 0.4 mm/year

¥ Sea level rise bibliography

» Related links

Data and images displayed on
STAR sites are provided for
experimental use only and are not
official operational NOAA
products. More information>>

Change in mean sea level [mm]

— 0~ S—
— 350N =1

RO TOTVIIILL DAL LT,

TOPEX

16b4 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Regional sea level time series data and plots

Region TOPEX, Jason-1, and Jason-2 Multiple altimeters

Seasonal | signals Seasonal signals Seasonal signals
retained removed retained removed

Text (CSV) (22 kB) Text (CSV) (22 kB) Text (CSV) (47 kB) Text (CSV) (47 kB)
global mean sea | NetCDF (19 kB) NetCDF (19 kB) NetCDF (35 kB) NetCDF (35 kB)
level pdf (93 kB) & pdf (93 kB) & pdf (116 kB) & pdf (116 kB) &@
png (95 kB) & png (84 kB) & png (119 kB) 7 png (97 kB) &1
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Global Sea Level Rise Maps

NOAA / NESDIS / STAR
Laboratory for Satellite Altimetry Mitranet * Coritact + Skip avigation

»ﬂ?:;tr;w R Laboratory for Satellite Altimetry / Sea Level Rise

» Sea level rise ' Products / Sea level rise maps

* Project background
« Radar Altimeter Database The following maps provide estimates of sea level rise based on measurements from satellite radar altimeters. The local trends

System were estiamted using data from TOPEX/Poseidon (T/P), Jason-1, and Jason-2, which have monitored the same ground track since
« Tide gauge comparison 1982,
* Jason radiometer stability
monitoring
% Team members & contact

& Tublications Map of sea level rise from TOPEX, Jason-1, and Jason-2

An inverted barometer has been applied. The estimates of sea level rise do not include glacial isostatic adjustment effects on the
geoid, which are modeled to be +0.2 to +0.5 mm/year when globally averaged.

» Products Download local sea level trends as a COADS-compliant NetCDF file (465 kB).
¢ Sea level trend map >> Download local sea level trends as an ASCI| file (6 mB).
« Sea level data and plots Download local sea level trends as a Google Earth kml file (2 kB).
* Global mean sea level
« Regional mean sea level
© Sea level animations
« Data use policy

Color table: sst Color table: blue2red

A 654 kB pdf opens in a new window. A 555 kB pdf opens in a new window.

A 300 kB png opens in a new window. A 164 kB png opens in a new window.
———— = E

» Sea level rise bibliography

» Related links

Data and images displayed on
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More information>>
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Color table: spectrum Color table: wysiwyg

A 624 kB pdf opens in a new window. A 516 kB pdf opens in a new window. &7

A 251 kB png_ opens in a new window. A 124 kB png opens in a new window. &
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Jason on NOAAView

<% NOAA ENVIRONMENTAL )’
v VISUALIZATION LABORATORY N NOAAY.ELBEM __

explore. (iSEGHS

Jun 18, 2014

All Eyes on the Central Plains for Severe
Weather

All eyes have focused on the central Plains with multiple
rounds of severe thunderstorms. Unfortunately, this trend will
persist as a quasi-stationary front will stretch from the central
Plains eastward to the Mid-Atlantic region. An unstable
environment along with an abundance of moisture from the
Gulf of Mexico will give way fo threats such as strong to
severe storms and flash flooding. These threats will continue
through the ceniral Plains and Upper Midwest/Great Lakes
region on Wednesday and into Thursday. By Thursday
evening, th...

More...
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‘aworld of data
ligk to begin #
Ly

o

Caribbean Sea Heg?on

OSTST 2014 Konstanz, Germany




\View
a world of @ata

;u\» ',.‘-. PARE

- . o

@ 10-day
© Monthly
@ Yearly

Sea Surface Height Departure

=

Google Earth

OSTST 2014 Konstanz, Germany



SCIENCE: New CryoSat & Jason-1 Gravit
Map Reveals Buried Structure

INSIGHTS | PERSPECTIVES

GEOPHYSICS

Seafloor secrets revealed

Satellite data reveal formerly unknown tectonic structures

By Cheinway Hwang' and center in the South China Sea; can be seen in
Emmy T. Y. Chang® Sandwell et al’s data (see the figure).

A methed called waveform retracking is New glﬂbal maril'le gl‘aVity IllO(lel

he trenches and ridges on Earth's sea- | used to refine the radar return time and

floor are shaped by tectonic processes | thereby improve altimeter ranging accuracy. ﬁ'ﬂm Cry'ﬂsat-z and JﬂSﬂn-l reveals
such as seafloor spreading and plate | The retracking technigues used by Sandwell - -
buried tectonic structure

subduction. Detailed knowledge of
3 petonjces is lackine an

David T. Sandwell,’* R. Dietmar Miller,” Walter H. F. Smith,”
Emmanuel Garcia,” Richard Francis®

Gravity models are powerful tools for mapping tectonic structures, especially in the deep
ocean basins where the topography remains unmapped by ships or is buried by thick
sediment. We combined new radar altimeter measurements from satellites CryoSat-2

and Jason-1 with existing data to construct a global marine gravity model that is two times
more accurate than previous models. We found an extinct spreading ridge in the Gulf of
Mexico, a major propagating rift in the South Atlantic Ocean, abyssal hill fabric on
slow-spreading ridges, and thousands of previously uncharted seamounts. These
discoveries allow us to understand regional tectonic processes and highlight the
importance of satellite-derived gravity models as one of the primary tools for the
investigation of remote ocean basins.

Sandwell, et al. Report Accompanied
by Perspective
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SCIENCE Gravity Arficle on
FACEBOOK
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NOAA Satellite and Information Service Album: Timeline Photos
Improved Gravity Map Reveals New Mountains Under the Sea: Shared with: @ Public

An international team of scientists including W. H. F. Smith of NOAA's STAR Laboratory for
Satellite Altimetry developed a new global marine gravity map that is twice as accurate as Open Photo Viewer
previous models. The new map derived from satellite altimetry data (from the Jason-1

Download
satellite and European Space Agency's CryoSat) reveals significant new se... See More e

Embed Post
g1 allvarsityinfo.blogspot.com, Michael Spicer, Alex Pain and 75 others like this.

[} 17 shares

OSTST 2014 Konstanz, Germany




NOAA/NWS Jason-2 Wave
Warnings on IWIITER

:&%: NWs oPc +2. Follow

il NWSOPC

#Altimeter pass in the E #Atlantic at 0514 UTC
detected phenomenal wave heights near 63 ft
just west of Ireland!
pic.twitter.com/5UMNfolLpFv

4 Reply t3 Retweet ¥ Favorite *** More

Near real-time comparison with
WAVEWATCH Ill model (green
contours) shows excellent
agreement.

8
e
-y
\ @
——
| =
3
=
©
=
=
prer)
©
=

~  dason SWH with 62,91t = End Users: USCG, U.S. Navy
max @ 0514 UTC : S ’
commercial ship operators,
recreational boaters, fishermen,
offshore rig operators, Federal &
State managers.

WWW.TWITTER.COM/NWSOPC
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s=svs.  NOAA Science on a Sphere
<+ o Presentations by LSA’s Walter
e N Smith™

g aﬁfzt
Al 2 -

* 4 Projector system developed/maintained by NOAA
 Usedin 100 science centers in 18 Countries, 63 in US

« 476 Ocean, atmosphere & model data sets in library
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Bottom Topography in Malaysia Airlines MH370
Search Area From Satellite Altimetry

L]
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VOLUME 95 NUMBER 21 27 MAY 2014

Seafloor in the Malaysia Airlines
Flight MH370 Search Area

On the morning of 8 March 2014, Malaysia
Alrlines flight MH3TD, from Kuala Lumpur to
Beijing, lost contact with air traffic control
shortly after takeofl and vanished. While the
workd waited for any sign of the missing air-
craft and the 238 people on board, authori-
ties and scientists began to investigate what
little information was known about the
plane’s actual movements.

As days and weeks passed, the search
began to focus on the Indian Ocean to
the west of Australia—far from the flight's
intended path. Clues to how the plane got so
Ear off course may be in the plane's “black
boxes"—its flight data and cockpit voice
recorders. Finding the recorders is therefore
atop pricrity.

Little is known about the seafloor from
ship-borne echo sounder measurements [n
the region where flight MH3TD is believed
to have crashed. Available depth measure-
ments cover enly 3% of the 2000 by 1400
kilometer area in Figure 1 {a high-resolution
copy of this figure may be found in the addi-
tinnal supporting information in the onling
version of this article), and only a very few
of them were acquired with modern acous-
tic and navigational systems. This lack of
dala makes the search for MH370 all the
more difficult. It also highlights how most
seafloor features are very poorly resolved.
However, satellite altimeter measurements
provide global bathymetry estimates at a

afrcrait and the satellite while Doppler shifts
in the handshake aliowed a mugh estimate of
the aircraft’s velocity away from the satellite.

This analysis, completed about 10 days
after the disappearance, was combined with
estimates of when the plane might have run
out of fuel. Together they suggested that the
aircraft might be anywhere in a large area of
the Indian Ocean west of Austraiia.

MH370's black boxes were equipped
with “pingers” programmed to emit acous-
tic signals if the boxes fell into the sea. The
expected battery life of these pingers was
approximately 1 month, so there were only a
few days of expected pings left when it was
reported that the Chinese vessel Malcun OF
had detected pings on 4 and 5 April in the
water above the east flank of the Batavia
Plateau (see black circle in Figure 1}. Over
the next 3 days the Australian vessel Ocean
Shield reported three other contacts, one
contact apparently hearing pings emitted by
two distinct devices, in an area above the
north flank of the Zenith Plateau (see red cir-
cle in Figure 1),

The Batavia and Zenith contact locations
are approximately 600 kilometers apart, and
it seems unlikely that pingers at the end of
their battery life could be heard over such
distances, vet sound propagation in the
ocean is quite complex. Nonetheless, Chi-
nese and Australian authorities seemed con-
fident that the carrier frequency, duration,

OSTST 2014 Konstanz, Germany

Smith and Marks, Eos
Trans AGU, 27 May
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Satellite altimeter
data provides broad
area coverage.
Only 5% area
surveyed by ships
Article reported in
Science & Nature
Geoscience & many
news outlets
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EOS MH370 Featured in SCIENCE Magazine &
Nature Geoscience Editorials

The hunt for MH370

n a world that is increasingly connected, that grows
smaller every day, and where so many human ac-
tions are exposed to prying eyes, it seems almost
incomprehensible that the world’s largest twinjet
aircraft, with 239 passengers and crew; could vanish
for more than 2 months. Determining the crash site
of Malaysia Airlines Flight 370 (MH370) has become
a scientific detective story, emerging through a combi-
nation of scientific technologies used to address prob-
lems for which they were never designed. The search
for MH370 illustrates a humanitarian dividend from
past investments in science as searchers attempt to
bring closure to the families and friends of the victims
of the tragedy.

MH370 went incommu-
nicado on 8 March 2014. A
single Inmarsat satellite ex-
changed six brief messages
with the MH370 Aircraft
Communications ~ Address-
ing and Reporting System.
Oceanographers and other
mariners have relied on In-
marsat’s system of geosta-
tionary telecommunications
satellites in remote parts
of the worlds oceans for
data and voice communica-
tion. Significantly, it is not a
navigation system. From the
Doppler effect, engineers
calculated the plane’s veloc-
ity relative to the satellite at
each time interval, and the
delay in the return signal
gave them the distance of the aircraft from the satel-
lite. The Doppler was key in choosing the southern over
the northern route. Using additional information on the
plane’s range, they then triangulated to estimate the
likely crash site to within 160 km (100 miles). This was
the first-ever use of Inmarsat in this mode.

The search area is a remote part of the Indian Ocean.
Planes searched for wreckage with no success; ships

stened for pings as time ran out on the 30-day batter-
ies sustaining the black boxes. Some promising signals
were detected, but the area still to be searched is largely
unexplored. The survey tool of choice was a Bluefin-21
autonomous underwater vehicle (AUV). Bluefin Robot-
ics was spun out of the Massachusetts Institute of Tech-
nology’s Sea Grant Lab. The Bluefin-21 vehicle inherited
its distinct construction, gimbal-ducted propeller,

*wwwwho.edu/page.do?pid=9601;

“We should use better
technology to track what is too  victims. Finding the black
valuable to lose.”

mission-control software, and side-scan sonar payload
from roots in academic research. Its deep-sea rating
that enabled the MH370 response was initially driven
by academic applications. The best available bathymetry
to help the AUV avoid crashing into rough terrain as it
scanned for the debris field of MH370 was assembled
from a combination of very sparse ship sonar and satel-
lite altimetry. Satellite altimeters, first launched nearly
40 years earlier to map the ocean surface, produced
Detter maps of the seafloor than were available from
shipboard echo-soundings alone, by using small-scale
features in the marine geoid to estimate the shape of the
seafloor. Scientists had been using these maps to better
understand Earth beneath
the ocean; now the map
would help guide the AUV
in a search area still nee-
dle-in-a-haystack large and
more than 4000 m deep.

As of this writing, the
search continues. In April
2011, a team from the
Woods Hole Oceanographic
Institution found the debris
field from Air France Flight
447, which had crashed
into the Atlantic Ocean 2
years before, after a week of

searching with similar AUV
technology,” bringing reso-
lution to the families of the

ANew Zealand
military plane
searches for debris.

-
-

boxes is vital to avoiding
similar incidents happening
again. We hope for the same
outcome for the MH370 search. But it took 2 years to
narrow the search to the right part of the Atlantic. In
both cases, the response could have been improved by
filling known gaps in scientific understanding (see the
News story on p. 963). For example, the resolution of
the satellite-derived map guiding the Bluefin-21 is 250
m vertical and 15 km horizontal. Relative to the plane’s
dimensions, the unknowns are serious. For comparison,
the resolution of features on Mars is +1 m vertical and
1 km horizontal. And knowing where to 100k saves pre-
cious time, whether one seeks a plane full of passengers
or a truck full of Nigerian schoolgirls. We should use
better technology to track what is too valuable to lose.

- Marcia McNutt
10.1126/science. 1255963

Marcia McNutt is
Editor-in-Chief of
Science.
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J.org on May 30, 2014

i from www.

wnw.nature.

Recovery and discovery

The recent disappearance of a commercial airliner has highlighted our poor knowledge of the ocean
floor. Through the years, human tragedies have helped inspire deep sea recearch, but it is time to explore

more systematically.

On & March 2014, a commercial airliner
carrying 239 people disappeared almast
without 2 Lrace. The path of Hight
MHI70, which fell off milstary radar a

fene hours after takie-off, was painstakinghy
seconstracted from a few biss of data
gleaned from 3 telecommunications
satellite ‘The analysas suggested the pl
triade 2t abrapt harn away from its ar
destinatinn of Bosjing, mstcad heading
souath over the Indisn Ocean, Guided by
the satellite data and sightings of pessible
wirpline debris, scarch teama narrowed m
an an area of the Indian Ocean west of the
Australian ceass. But as the teams began
ther — ultimately fruitless search of
this patch of the acean flaor, they hit a
arug: the topography of the sea flaar in this
region was virtually unknows. This piece
of uncharted territary is not exceptional:
braad swathes of the ncean foor are yet to
be fully explared

Mapping af the s mmr s not just
an exerrise in disaster recovery. Much of
the ocean’s internal mixing is altribsted
ta rough tapography al the sea floor:
this sart of mizing is 2 key way in which
weind and tidal mergy ix dismpated
throighout the ocean {Nikurashin,
Vallis, G K. & Adcroft, A Narre Geo:

6, 48-51; 201 3). Poor knowledge of how
energy s transiormed in the wasld's aceans
bindess forecasts of everything from the
path of Lunamss 1o the ocean's uptake of
heat and carbon dioxsde {Smith, W. H F &
Marks, K. M. Eos 95, 173-174; 2014).

For the Indian Ocean foor off the coast
of westesn Australia, progress is heing
made. En late May, 3 map using satellite
data to fill in the blanks between the sparse
bathymetric survers of this region wax
released (Smith, W. H. F & Marks, K. M.
Eos 95, 173-174 ), And as the
search ares expanded fa 2 zone of around
HOO000 km', the Australian government
initiated an exercise t map the sea floor
ata o bighes resnution than can he
abtacned from satellite:

The Australian Rovernment it has
wndicated the data will be made publicly

available te sid future scientific studies. Yet,
el

coarse satellite sealloor
miap released in May shaws dramatic

NATURE GRORCIENER | VDL 71 ALY 2004 |

reficl. The peaks and plateaux charted
in the map hint at pieces of continental
crust lef behind by the break-up of
Australia and the Indian subcontinent
With 1 high-resolution map Lo come, we
will undoubtedly kearn more about the
evalution of the Indian Ocean Hoor, and fs
impacts on ocean processes and climate
‘The flight recorders of MH37H are not
the only hudden remains of human tragedy
spusring exploration of the ea Boor. Lying
ala d.cpm of 3,800 m beneath the Atlantic
Ocean, the wreck of the RMS Tefanic has
captivated the immagination af generations
of budding vceanagrapherr. Explaration
of the wreckage by semately controlled
wehicles and the DSV A ashmersshle
wehicle led to the identification of a novel
bacterium
B0, 176K
thriving ecosystem bailt an the shipis
remains. In preparation for the making
of his popilar mavie Titanic in 1957,
the directos James Comeron took part
i dives to the wreckage. His growing
Iascination with the mysteries of
sea loor inspized his involvement with
thse buildsng of the Deepsen Challenger
(htp/! .

JULY 2014 VOLT NO 7
uregeoscence

editorial

cventually pitoted the submersible o the
deepest known point on Earth, During
test dives o over BOM m in the New
Britain trench, Cameran encountered the
deepest pallow lavas found ta date; these
features formed as lava was extruded under
the high pressures of the cean. In the
Sirena Deep, he and expedition scientists

d mmicrobial mats growing araund

. anarea theught 1o hoat serpentinizatson.

Anayses of these mats could provide
srusghts snto both the chemacal processing

o and the life that cvalved to take

advantage of it. The Deepsea Challenger

S was later donated to the Wonds Hole
¢ Oceanographic Institutina

In the western Pacific, the ru,

* terrain of Nikumaroro Atall may hide the
remains of Amelia Earhart’s Electra [0E
= 4

at, suggests the Lnternational

navwmnlmppcm.l atang with their
plane in 1557, while trying tn land on
Toland tiband They were nearly three
quasters of the way into an attempt 1o ly
The atall is considered

earmllh by TIGHAR shows the steep,
sugged topography of the deepes coral reef

A funding appeal fur an undersea search
af the atolls weatern flank. scheduled

of 201 Lis

currently underway (b A
nfsam), with a plan far two aubmersiilss
ta search for evidence of wreckage and 1o
carry out a survey of the deep reef, 1t i5
hoped that the assessment wall provide +
baseline for reef diversity and health

Tust as rewards such as mineral deposits
and hotspots of bindiversity lurk bencath
the aceans surlace, 5o do hazards. Vel the
acean's flanr i less well charted than the
surface of Mars or the Moan_ Clearly, a
blanket of  few thousand metres of sea
waler is o serious ohatacle to exploration
Bt if we can reach these depths wher
disaster strikes, technology w elearly not
the harzier 1o mapping the ocean fluor We
just nieed to set v munds (and fands)
the task.

arr




EOS MH370 Article Media Attention

Seafloor topography in the Malaysia Airlines flight MH370 search area

Malaysia Airlines MH370: Searching in an
austraian ping detections OCE@@N Of uncertainty

BB News Sport Weather Capital
NEWS SscIENCE & ENVIRONMENT

Home US & Canada Latin America UK Africa Asia Ewrope Mid-East Business Hsg
More from Jonathan Fo onathan on Twitter }“
MH370 spur to 'better ocean mapping'

B COMMENTS (5)

Depth (metres)
0

Chinese ping
detections

Scientists have welcomed the decision to g
make all ocean depth data (bathymetry) f - \
gathered in the search for missing Malaysia - Lo - i\

Airlines flight MH370 publicly available. ;_ Vas

SCIENTIFIC CORR
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SPIEGEL ONLIN EPWISSENSCHAFT

Your source for the latest research news
Vel MIEEGR oo some
EarthSk NEWS
SCIENCE NEWS « GREAT PHOTOS «» SKY ALER
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1 Broken Ridge, contains
shallowest point: 237m

2 Batavia Plateau 4 Deepest point: 7.883m
3 Shallowest pointat 5 Zenith Plateau
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Regional Mean Sea Level Series
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NOAA / NESDIS / STAR

Laboratory for Satellite Altimetry Intranet » Contact « Skip navigation

e Laboratory for Satellite Altimetry / Sea Level Rise

» Sea level rise Regional sea level time series
* Project background
« Radar Altimeter Database
System
* Tide gauge comparison
* Jason radiometer stability Only altimetry measurements between 66°S and 66°N have been processed. An inverted barometer has been applied to the time
monitoring series. The estimates of sea level rise do not include glacial isostatic adjustment effects on the geoid, which are modeled to be

* Team members & contact +0.2 to +0.5 mm/year when globally averaged.
% Publications

The following tables provide estimates of sea level rise based on measurements from satellite radar altimeters. Plots and time
series are available for TOPEX/Poseidon (T/P), Jason-1, and Jason-2, which have monitored the same ground track since 1992,
and for most of the altimeters that have operated since 1991, including T/P, Jason-1, Jason-2, ERS-2, GFO, and Envisat.

» Products
% Sea level trend map
« Sea level data and plots
® Global mean sea level
¢ Regional mean sea level >>
* Sea level animations
% Data use policy

» Sea level rise bibliography

» Related links

Data and images displayed on
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More information>>

Regional sea level time series data and plots
Region TOPEX, Jason-1, and Jason-2 Multiple altimeters

Seasonal signals Seasonal signals Seasonal signals Seasonal signals
retained removed retained removed

Text (CSV) (22 kB) Text (CSV) (22 kB) Text (CSV) (47 kB) Text (CSV) (47 kB)
NetCDF (19 kB) NetCDF (19 kB) NetCDF (35 kB) NetCDF (35 kB)
pdf (93 kB) & pdf (93 kB) & pdf (116 kB) &l pdf (116 kB) &
png (95 kB) & png (91 kB) &7 png (117 kB) @ png (110 kB) &

Pacific Ocean
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Global Sea Level Animations

N/

= NOAA/NESDIS/STAR
—— Laboratory for Satellite Altimetry Iiviranat ~ Conbact « Skip navigation

e —

» Laboratory for Satellite
Altimetry

» Sea level rise Products / Sea level animations

¢ Project background
¢ Radar Altimeter Database Downloadi ng files

System These animations are in MOV farmat, and can be viewed in either Quicktime player or Real player, available for download at the
Sifida geine comparson sites listed below:
¢ Jason radiometer stability
monitoring * Quick Time O
¢ Team members & contact
¢ Publications # Real Player 0O

Laboratory for Satellite Altimetry / Sea Level Rise

» Products Figure 1. Biweekly enimatlon of sea su_rface height
¢ Sea lovel trend map Sea surface height anomalies

¢ Sea level data and plots
¢ Global mean sea level 20030101 to 20030115

* Regional mean sea level

¢ Sea level animations >>
¢ Data use policy

» Sea level rise bibliography

» Related links

Data and images displayed on
STAR sites are provided for
experimental use only and are not
official operational NOAA
products. More information>>

NOAA Laboratory for Satellite Altimetry
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NOAA/NWS AlliKa Wave
Warnings on TWITTER

5‘%3 NWS OPC +® Follow

S NWSOPC

When strong winds oppose current, often
times higher/steeper waves result. Following
image highlights this phenomenon
pic.twitter.com/nmT3Qc|TES

k Favorite e*» More

AltiKa

o AltiKa SWH shows 7’ error in
WAVEWATCH Il model
SWH in Gulf Stream.

:g-*

T

190FT
7 FT above model

National Weathe

e Error caused by model not
correctly accounting for
opposing strong winds and
surface currents

WWW.TWITTER.COM/NWSOPC

upwards of 7 feet too low in the vicinity of the current.
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NOAA LSA Science on a Sphere

Presentations by Walter Smith on Plate—teettonics
and Oceanography to high school science
teachers, students, science fairs.
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