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Glider Communications
GPS for Posmon Iridium for 2-Wa . ARGOS for Emergencies

Glider Surfaces

Data Ribbon Transmitted to Shore

QN VIARACOOS | ][@@S

/ Ocean Information for a Changing World INTEGRATED OCEAN OBSERVING SYSTEM




Glider Sensors

Inside Payload Bay or External
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U.S. Integrated Ocean Observing System
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17 U.S. Federal Agencies
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U.S. Integrated Ocean Observing System
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MARACOOS Operations Center

Rutgers University - Coastal Ocean Observation Lab

Satellite Data Acquisition Stations CODAR Network Glider Fleet 3-D Forecasts
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MARACOOS Operations Center

Rutgers University - Coastal Ocean Observation Lab
!

Satellite Data Acquisition Stations CODAR Network Glider Fleet 3-D Forecasts
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8 Medium-Range CODARs

41 Total

Triple Nested, Multi-static, Multi-use
Industry Partner: CODAR Ocean Sensors
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Reglonal to Global Scale —
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41 Total

Triple Nested & Multistatic
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Mid-Atlantic Regional Scale HFR Network

Transition Objective —
Operational Use of HF Radar Surface Currents for Search And Rescue
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High Frequency Radar

“Greenland
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| Erom Page 10;
| Also in support of oil spill response, NOAA requests a $5.0 million increase m
implement the U.S. Integrated Ocean Observing System (I00S®) Surface Current
. Mapping Plan using high frequency (HF) radar surface current rmwmmonu e

HF radar provides information vital to oil spill response, national defense,
homeland security, search and rescue operations, safe marine transportation,
| water quality and pollutant tracking, and harmful aigal bloom forecasting

U.S. National
HF Radar
Network
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U.S. National HFR Network

GROUP ON
EARTH OBSERVATION

Global High Frequency Radar Sites

Australia
Brazil
China

India
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Italy
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Mexico
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Portugal
Russia
South Korea

Spain
Taiwan
Thailand
USA
United Arab
Emirates
Vietnam
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vas Korea & United States
* |HF Radar Collaboration
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Ongomg HF Radar Collaboratlon with South Korea
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Subsurface
Glider
Data

P “«%< Many Missions,
Industry Partner: Téiedyne Webb Research AN Many Agencies
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328 deployments - 135367.44km flown - 6224 days

100S Glider Explorer
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Rutgers Glider Deployments

U.S. I00S Glider Asset Map

5thEGO Meetln? and Glider Sche
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2011 March 14"-18"
Gran Canaria /// SPAIN
egoz2011.plocan.eu

Oceans Institute
Australian National Facility for Ocean Gliders

The Australian National Facility for Ocean Gliders
(ANFOQG) is a facility of the Australian Integrated
Marine Observing System (IMOS).

ANFOG is resposible for the operation and maintenance of the ocean
glider fleet.

It has nine autonomous ocean gliders which provide a great

opportunity to undertake routine measurements of the oceans and
coastal ecosystems at a fraction of the costs associated with ship-

hacad euctame

U.S. Navy Operational Fleet - 2011 Emerging Global Glider Network
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Korea & United States

Antarctlc Gllder Collaboratlon
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Trans-Atlantic Glider Challenge — May 24, 2006 —
UNESCO E.U./U.S. Baltic Sea Conference in Lithuania

Innovate, Incubate, Integrate

A noaa research

&/ NOAA's OFFICE OF OCEANIC AND ATMOSPHERIC RESEARCH

RISING ABOVE
JHE GATHERING
Energizing and STORM

Employing America
for a Brighter

Dr. Rick Spinrad
Assistant Administrator

NOAA
Office of Oceanic and

i Atmospheric Research

“l have something you need to do for
the good of your country.”

»- @ l ‘Take one of your gliders, modify i,
< “°”“i“c“°m.*~§¥.fu“fé'2‘i‘% and fly it across the Atlantic, inspiring
students along the way.”

THE NATIONAL ACADEM!
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Technology Challenges for a Trans-Atlantlc Gllder MISSIOI‘I

* Increase Duration
~ » Ruggedize for Storms |
"“*" « Corrosion & Biofouling |~ /(&
|+ Global Roadmap ‘
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Technology Challenges for a Trans-AtIantlc Gllder MISSIOI‘I
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Federal Research Rutgers
Agency Response:
Too Risky

for Research Support

_ « RU15 — NJ to Halifax - 2008
Alumni « RU17 — NJ to Azores - 2008
* RU27 — NJ to Spain - 2009
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RUZ27 Trans-Atlantic Mission: Ocean Model Assessment
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Scarlet Knight’s Trans-Atlantic Mission Summary
R bl

: N5S
. . "’

‘
'

Baiona, Spain

December 4, 2009

Tuckerton, New Jersey

8 April 27, 2009 [ S— ‘
/ t N45S

Time at Sea: 221 days
Track Length: 7,400 kilometers
Undulations: >11,000
Students Directly Involved: >40
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Scarlet Knight’s Landfall in Baiona, Spain
Same Port where Columbus’ Pinta made landfall in 1493

U.S. & Spanish Secretaries of Commerce Scarlet Knight swarmed by Baiona’s school children
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Atlantic Crossing: A Robot’s Daring Mission

An Award-Winning Feature-Length Documentary by Rutgers Filmmaker Dena Seidel

WRITERS HOUSli

CREATIVE WRITING

Atlantic Crossing

Dena filming the recovery of RU27
offshore Baiona, Spain

DEPARTMENT OF ENGCLISH

OFFICE OF THE DEAN | COOK CAMPUS

TV version broadcast over 350 times nationwide .
) ) ) Rutgers Students, Fabien Cousteau & Dena
on PBS Stations starting April 29, 2011 at the Blue Ocean Film Festival

Q MARACOOS _JHO)S
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The Scarlet Knight’s Ribbon Cutting Ceremony

at the Smithsonian: Dec. 9t", 2010

Rutgers Students are
" welcomed by White House
Hl 3 Science & Technology
. . Advisor Shere Abbott

Rutgers Students share

The Scarlet Knight in her display case at the Smithsonian’s Ocean Exploration stories
National Museum of Natural History, Ocean Hall, Washington, DC with Fabien Cousteau
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Advice From Some Friends:

Margaret Leinen — Geological Oceanography — Assoc. Provost, Florida Atlantic U.
Good news — Geoscience Majors are more likely to remain in their field.
Key to success — Mentorship — But there remains a mentorship gender gap.

Shirley Tilghman — Molecular Biology - President, Princeton U.
Good news — We know what works.
Keys to success — Turn the pyramid upside down.
Start living the life of a scientist early.
Distribution classes taught within discipline.

Catherine Halversen — Lawrence Hall of Science — NSF COSEE has resources.

Chris Parsons — Word Craft — Don’t forget to layer-on the assessment cycle.

Needs

Assessment \

Formative
Assessment
Summative /

Assessment

| MARAcons ][(Q)S
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Needs Assessment
- Example: How should universities educate the future ocean workforce?

 Graduate Programs: need strong science/math backgrounds, Workforce of future industries
and increasingly look for research experience. —

—— !q_-— —

» Federal Agencies: Also needs Bachelors & Masters graduates.
Not just Ph.D. Researchers.

« Companies: seeking people with a range of technical
abilities and Team Working Skills. Not just Ph.D. Researchers.

MATES & NPS Assessment of Marine related Jobs

* Nationally in 2007, only 4000 (0.3% of the 1,542,000) Bachelors
Degrees were in Earth/Ocean/Atmospheric Sciences.

* Need to increase STEM interest within a diverse K-12 pipeline.

* Provide Undergrads real-world working-team experience.
Cognitive Apprenticeship.

« Strong written and verbal communication skills emphasized by ==
employers -

-
v

* Cross-disciplinary training highly desired (Oceanography
combined with other disciplines Atmospheric Science, Computer |
Science, Engineering, Economics, Communication, Foreign Sl
Language)

_.Q VIARACOOS
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Formative Assessment - Cognitive Apprenticeship Model:
Continuous Re-evaluation and Redesign of: Watch One > Do One > Teach One

Ocean Observatories Research Course

7/ o ————— D e e e e e ~\ ’ -~

Feeder Courses ™ / Skills Building \

| rFul Class I.oglstks ! Background Discussions

I
| & Info Sharing

Repeat Students
3-6 Times

Mentors

Mentors
Repeat Students
1-3 Times

[
|
|
|
|
|
|
|
|
|
: Freshman Workers
|
|
|
|
|
|
|
|
|
|
|

Workers
Oceanography

House
Observers

T —————————————

Oceans 101

Freshman | COSEE Network Ocean
Seminar 00l EPE Tools Observatories

Dark blue are the students in the light blue course
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Summative Assessment - Did we have an impact?
Ocean Observatories Course

Increase in Number &
Scope of Research
Internships

Locations: Australia, Antarctica,
Svalbard, Spain, Canaries, Azores,
California, Florida, New Jersey

2006 2007 2008 2009 2010 2011 2012 2013 Sponsors: NSF, DHS, Alumni
Years

Sprlng 2012 Course >70 Students

Number of Marine Science Majors

120

90
6
30 ‘i ||

2005 2006 2007 2008 2009 2010 2011 2012

o

o



Trans-Atlantic Glider Challenge — May 24, 2006 —
UNESCO E.U./U.S. Baltic Sea Conference in Lithuania

" Innovate, Incubate, Integrate

) noaa research

NOAA's OFFICE OF OCEANIC AND ATMOSPHERIC RESEARCH

December 4, 2009 [ BREES
W5

|
Dr. Rick Spinrad t/\j\]\/jj/“w /\/_,ﬁ

Assistant Administrator

NOAA RU27: 7,400 km in 221 days
Office of Oceanic and . = L

Atmospheric Research

Glider Research Course
80 -
70
“l have something you need to do for ..260 :
the good of your country.” 80
540
30
“Take one of your gliders, modify it %20
and fly it across the Atlantic, inspiring * 18
students along the way.” 2006 2007 2008 2009 2010 2011 2012 2013

Years

N\ MARAI:DDS - JGHOS
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A Global Challenge — The Challenger Glider Mission
December 9, 2009 - Balona Spain

Ralph Rayner & Rick Spinrad’s HMS Challenger Voyage

Global Challenge: First Scientific

Build a Global Glider Fleet Circumnavigation

and Coordinate the First 18721876
Robotic Circumnavigation. 128.000 km =
Reuvisit the Historic Track of the
HMS Challenger — = 16 gliders
And inspire a global network x 8,000 km/glider

of students along the way.

Q IARACOOS IBO)S
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Barcelona, Spain

Bergen, Norway
dheim, Norway Madrid, Spain
University of Portugal

National Oceanography Centre
p
‘ lefranche, France

Galway, Ireland

Dalhousie University
University of Massachusetts
Reykjavik, Iceland

University of Maryland
Rutgers University

University of Victoria
Palmer Station (Antarctica)

University of Washington
Mote Marine Laboratory

Monterey Bay Aquarium

Perth, Australia

U of Las Palmas de Gran Canaria

Palmer Station (Antarctica)

Rothera Base (Antarctica)

Palmer Station (Antarctica)

INTEGRATED OCEAN OBSERVING SYSTEM

U of California, Santa Barbara
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Kobe, Japan
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Operational Models for Global Circulation and Heat Transport

Global Horizontal Current (m/s) 20130512 144 Depth: 0 m
NCEP/EMC/MMAB 13-May-2013 max: 2.85 min: 0.00

B0°N [

30°N

30%s [

60°S [ : _

180%W

120°E 120 60%W 0° B0°E
Science & How accurate are these global models? Broaden the workforce
Education Do | need to embed a regional model? Improve ocean literacy
Drivers How much data do | need to assimilate? Develop a global perspective

National Weather Service

a NN0OAR &

A | http://polar.ncep.noaa.gov
N\ Environmental Modeling Centerammie| o] o= 1ale CRAY =N g el




Global Challenger Glider Mission

.1«\"?\, s~
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"“.: : Halifax - Svalbard ;,/
5 - 6,600 km o

. AR Japan — Vancouver

SexB40 6,600 km

e PG
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s 2 Vancouver - Hawaii 4;‘._-.;”% ' =

b (e NG England - Brazil

¥ :.f‘(-r L : 8,000 km & 6,400 km
e "% Brazil - Halifax S W

~_ 4 Hawaii - Japan Ty

>+-6,800 km

Australia - India

6,200 km

6,600 km =

Galapagos - Tahiti

: 7 3 7,000 km s : . India — S. Africa
= ;arét(le(Tazmanla S Bifazil - Palmer 7,600 km
i m 4 6,800 km
Chile - Galapagos
3 6,500 km

e Pal — S. Afri ; ; ;
k- sz&e;m L S. Africa — Australia
W * 7,800 km

Tazmania — Chile
8,000km

5 Ocean Gyres: 16 gliders x 8,000 km/glider = 128,000 km
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Ocean Observatories Research Course:
Spring 2013 PrOJect T|tles

1. Exploring the South Atlantic

2. Challenger Mission Hazards

3. Antarctic Circumpolar Currents

4. Challenger Mission: The Pacific Leg

5. MAB Spring Bloom: A Game of Oxygen

6. Challenger Path Planning with Migratory Patterns
7. Antarctic Sea Ice: A Comprehensive Look at the Impact of Sea Ice
8. Changes in the Trophic Structure, Species Richness & Biodiversity in Antarctica

9. Comparing the RTOFS (U.S.) & MyOcean (Euro) models with Global Gliders Missions

| MARACDDS IBO)S
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Ocean Observing Initiative (OOI) Education and Public Engagement (EPE)
Concept Maps generated for each team project.

S ;

g—/@\— S& e <.—f»/‘—’. @ @ :
=\ o= - i
A" ECR e g

Reviewed with Students
by Fabian Cousteau.

/ Ocean Information for a Changing World
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Dr. Louis Uccellini, Director
National Weather Service

Crowd-sourced comparisons between
U.S. & European Models & Gliders

SALINITY 8 APR 2013
| Visualization by
- Universidad de Las Palma de Gran Canaria

Salinity Salinity Salinity

0 Silbo = Blue RTOFS = Green Silbo = Blue RTOFS = Green Silbo = Blue (2013-04-29) MyOcean = Green
y 0 T "% 0 T L |
200 i — ] i
200 - 200 @
E 400 £ 400 ) E 400f a
g £ £ g
8 600 § 600 / § 600 .
800 800 { 800
1000 - . \ 1000 - .
34 35 36 a7 10007 35 6 37 34 35 36 37

Salinity PSU
Y Sallinity PSU Salinity PSU

Model-Glider comparisons of the Amazon outflow fresh water distribution
with NSF OOl EPE Visualization Tools.

| MARACDDS IBO)S
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A

Companion Course at
Plataforma Oceanica de Canarias

consorcio

» Shared Glider Missions — Iceland to Azores;
Azores to Canaries; Canaries to Brazil?

* Skype Sessions between classes g
» Two-way International Exchange programs e e
« Students Learn Science from their teachers T

' Dataslo, NOAA U.S. Navy, NGA, GEBCO
© 2013 Cnes/Spot Image
A

» Students Learn Culture from their peers

Q VIARACOOS _JGBO)S
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; L L Temperature
North Atlant Ibo ™ | T
Deployments:
Initial Deploy
Days at Sea#f' 1 , , : [
Kilometerg'Flown: 10, , R
Speed: iy

US Dept ofState Geographer
3 MapLink
013 Google
Navy NGA, CEBCO

06,0211 GMT [IviA] 2.A] silbo: 2012-07-24 12 T (Ivi2 Al

Googleearth

Salinity

Date (mvdd)
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Challenger Glider Mission: South African Launch of RU29
UnlverS|ty of Cape Town, Nanse Tutu Centre

Challenger rides an eddy

OTU 92:@0 rS-r0-€r0S - Y1:Y0 FF-10-E10S :eSu1

blezanis (gp)

FS\F0 OS\FO  @Nr0  8MF0 YN0  3mnro  SNr0 MO ENFO SKIIO
(OTU ,bb\mim) ofsd

Glider Challenger (RU29) >192 km since January 11, 2013
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South Atlantic Gyre: C

Kilometers
Speed: 24

....................

............

¢ Google”earth

Iza

US Dept of State Geographer
© 2013 MapLink

© 2013 Inav/Geosistemas SRL @
Data SI0, NOAA, U.S. Navy, NGA, GEB
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Korean & United States

Potential Collaborations

Y sty Greend
KIOSTIN iz

KOREA INSTITUTE OF
OCEAN SCIENCE & TECHNOLOGY

Cllmate cnange
WHIT RO H 8 R\ Mnganese cnust
Ocean T : =~ Manganese Nodule]
: % Exploration | Boioraton |

LBioteclnoIogv inthe|
| Extreme Pceans |

5 Hvdrotnejrmal‘ A | :
"’.-“ o Deosits o RS Ocean Tracer|

% |Hydrothermal Research |
.| Deposits Y —

Exoloratlon Crosslng

Earth's Oceans | lExuoranon Crosslngl
| Western Pacific

| MARACOOS IBO)S
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Conclusions:

« MARACOOS / I00S has developed and sustained a
Regional Scale Observation & Forecasting System.

« Demonstrated value for Science & Education.

* pal HF Radar & Glider Networks are emerging.

Challenger Glider Mission:

« 2 Gliders deployed
 Leverage existing programs
* Build a global community

http: //challenger marlne rutgers edu
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