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How can we understand the ocean?

- Remote
sensing

- Research
cruises

- Ships of
opportunity

- Lagrangian
observatories
(such as Argo)

- Eulerian
observatories
(such as EMSO
and EuroSITES)

- gliders and
new technology




Past North Atlantic/Norwegian Sea sites/sections
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Long time series facilitate

1. Effective policy making and sustainable
management of the seas and oceans

2. Monitoring of the rate and scale of
environmental change, including climate
change and biodiversity loss

Detection of hazards and events

Understanding ocean, earth and climate
system processes

> W

A network of marine observatories should integrate
observations for research and observations for
management purposes.

3¢ Palace (Oostende, Belgium, 12-13 October 2010)



Marine Observatories (Marine Board definition)

Marine observatories are strategic in situ observing capacities
which provide long-term time-series data.

« Continuous observations to capture episodic events
* Observation and capacity building

« Coastal laboratories

* Marine biosphere reserves

* Argo floats

* Ferrybox

* Gliders

« Seafloor based systems, ...

Marine observatories provide the backbone of the ocean
observation system and the EMODNET



The vision: The 2" Marine Board Forum culminated in a
unanimous call from its participants for the prioritization at
national and EU level of actions to deliver:

“A long-term, stable and integrated network of strategic
marine observatories, installed and operated through
multi-national cooperation and support, providing
consistent in situ data from the seas and oceans in
support of the EU Integrated Maritime Policy and as a
driver for smart, sustainable and inclusive growth in
Europe (Europe 2020).

Actions

1. A Europe-wide mapping exercise and gap analysis
on long-term marine data provision

2. A European strategy on the development of an
Integrated network of marine observatories.



Future COSMOS?
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Present: Norwegian Atlantic Current Observatory (NACO)
National glider observatory off the Norwegian shelf

Operation central
GPS + IRIDIUM

data . ‘
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National base
funding for
gliders,
available also
for national and
International
research
projects
contributing to
running costs.

Run by GFI/UIB with IMR and Runde Environmental Centre as partners



The ocean near Runde

Halesiind

Ulstemmwilk

Fosnavaag

Nationally unique in terms of marine biodiversity and
’Q bioproduction — spawning areas, seabirds, flora/fauna,
and wave energy resources. Start of Svm@y section.




Velocity [m/s]

Historical data from reference mooring at Svingy
(many publications, Orvik et al.)
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The Norwegian Atlantic Current Observatory

National Norwegian research infrastructure application
June 2009 - gliders as vehicles for AW monitoring

Revised application January 2010 including mooring
Project start 2011

Reference mooring at Svingy section tested fall 2011 and
winter 2012

Three Teledyne Webb Slocums owned by IMR refurbished
and made available from spring 2012

Six IRobot Seagliders purchased winter/spring 2012
Training courses for our personnel at Webb and iRobot

Acceptance tests in Sognefjord 13-14 March 2012 iRobot
and Bjarnefjord 15-16 March 2012 Webb

Start regular use of Seaglider April and Slocum May 2012



Structure of NACO project
4 R

SCIENTIFIC USER COMMITTEE

Leader: P. Haugan, GFI

Function: Determine priorities on research projects and sampling program
Members: BCCR, NERSC, IMR; Met.no, NPI, UiT, UiO, ... & external experts
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OPERATIONS CENTRE \
Leader: K.A. Orvik, GFI

/

Functions: Operations, technical development and maintenance
Stab: GFI personnel* and sub-contractors

* Researchers, technicians and engineers
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\ 4 A 4

/ DATA & INFORMATION \ / OPERATING AGENCY \

Leader: |. Hessevik, GFI
Runde Environmental Centre

/

In cooperation with:

NMD
EGO Leader: L. Golmen

Arctic ROOS
European Coriolis Data Centre

\ Other portals / \ /

Users who provided
letters of support

National infrastructure
- Only one glider facility

The European projects
« EGO COST

« FP7 GROOM
provide possibilities for
glider port coordination
In Europe

Ramp-up demo period,
but will need user fees for
sustained operations



Local facilities in Bergen - Marineholmen

GFI workshop
Glider lab

Geophysical Institute (GFI)




Glider preparation and tests GFI 12-16 March 2012
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Slocums, one with turbulence sensors




Weight balancing required when changing payload or conditions




Seaglider onboard R/V Hakon Mosby before deployment
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Communicating with the glider and piloting for the first time!




Glider use within NACO so far:

Short term research projects, e.g. two
Slocums for process studies around
the Faroes.

Sustained monitoring with two
Seagliders in the primary NACO area
(Svingy section and Lofoten basin)
from May and July 2012 respectively.

Recovery/redeployment after 6-7
months and again soon (now).

Demonstrating more sensors.

Which other missions 2014-20157?
Calls - Scientific user committee.

Torsdag 5. juli 2012 - Nr 74 - 34, argang - Lessalg kr 20,-

Gode sjanser for mer
Norwegiani 2013

- Andenes og Reykjavik
er de nye rutene som
gar aller best hos Nor-
wegian, sier informa-
sjonssjef Lasse Sanda-
ker Nilsen i Norwegian.
Han sier at det er gode
sjanser for at direkteru-
ten til Oslo viderefores
2013, og da kan det

bli rutetilbud fra april
til og med oktober. - Vi
er kjempeforngyd med
responsen, men er av-
hengig av at folk benyt-
ter tilbudet, sier han.
(Foto: Linda Nordstrand,
Andoya flystasjon)

Tysker pa
dannelses-

reise

Undervannsrobot
slippes ut |
Golfstrommen

| dag er oseanograf
Kjell Orvik fra Geofysisk
institutt pa besgk pa
Andgya i anledning et
stort forskningsprosjekt
kalt «Norsk atlantisk
havstrom». Med seg har
han en «Seaglider iRo-
bot» som skal ut med
baten «Dina» for a male
data i Golfstrammen.

Sunniva Borngy
andoyposten@redaksjonen.no

Seaglider iRobot er en under-
vannsrobot som dukker ned til
1.000 meter, gir 0,3 meter i se-
kundet og kommer opp til havo-
verflata med jevne mellom, etter
en seks-sju timer. Den kan vaere
ute pd egen hand i opptil atte
maneder i gangen og ta prover
kontinuerlig. Det er viktige mil-
jodata som blir malt og som har
innvirkning pa veervarslinga,
klimaforskninga, fiskeriforvalt-

ninga og havforskninga gene-
relt. Slike undervannsroboter
kan ogsa brukes i offshorevirk-
somhet.

Milingene géir blant annet

pa salt, temperatur, oksygen, |

indirekte strem i havet og & fa
kartlagt virvler i havet. Under-
vannsroboten slippes ut i Lo-
fotbassenget og gar gjennom
Golfstrommen til Jan Mayen og
tilbake. Slik gir den over lengre
tid. Roboten styres og gir data
viasatellitt som sender informa-
sjon til basestasjonen.

- Det er et veldig interessant
omride i forhold til varmeut-
veksling og mye av varmetapet
via Golfstrommen skjer i Lofot-
bassenget, avslutter Orvik.

SKRUR: Kjell Orvik skrur pa
vingene til undervannsroboten
for & fa den klar til & slippes ut i
havet. (Foto: Sunniva Borngy)
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Ogive Fairings - Payload bay: 22 liter

Increasedsgapacity jons =o'

Seaglider now supports mutliple Bmw R —
sensors in flooded payload bay Aanderaa Optode 02
that has 22 liter capacity

Sea-Bird Glider CTD
Exemplar Payload Aanderaa Optode 0:

RDI Explorer
PA—ADCP

Acoustic Modem

Wetlahs ECO
Triplet

Flooded Rear Fairing

Recessed Biospherical PAR
B Combinod SoaBird

Transducer /
WET Labs ECO Triplet

Flooded Rear Fairing

Streamlined
Nortek Aquadop
Size/Weight/Power — ADCP e

Optimized Payload
WetlLabs ECO

Triplet 5 Room for payload

= expandability



Typical standard section data
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Seaglider — Key parameters for piloting

1. Pitch ($C_PITCH) first to
make glider fly, not stall,
through dive, apogee, and
climb phases

2. Buoyancy ($C_VBD) to
make vertical velocity cross
zZero where buoyancy does

3. Roll last to make fly straight
(roll rate vs. control) - start
by making approximately -
flat (roll deg. vs. control)

Monitoring the Seaglider



Geofysisk Institutt

Seaglider Data flow

= IMidIiUM &
~ RUDICS Internet

Internet

Internet
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Avaeling / ennet

Piloting tool: Gliderpage -
developed at GFI

 Web client based on Google Maps API V.3

 Integration between Google Maps and open wms map
data from statkart.no/geonorge.no

* Integration between Google Maps and weather data
from met.no/yr.no

 Integration between map application and technical
matlab plots, communication with base station for
editing of cmdfile/science/target, copy of data- and
logfiles, monitoring of technical condition of glider

 Javascripts, html, python og matlab
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Gliderpage
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Gliderpage — depth profile
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Gliderpage — weather data
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Gliderpage — wms map layer

HOME [sg559 7] << 1617

{ Layers... l |D_Proﬁ|e ; M‘Vgrmr
2

2580

VIASmAYEN
8@

| %

208 ) 28%

) : - -
3 |[Wan i 1( A ANIIIII v
V0 y «(««( n832599.9% ~zj«‘;NszW“<~« 2922 /“"'” Yo k’j/({’(«“,

o | [P, = ««( ’ &«s

b 0000, P 1"-
‘ ) Ke “
\ o < &/
| il < r «,
\ X | R «‘m«««‘ AR, )

307
Voringplataer

1610
1275

o= [ V670000 7/ (\

1360

Trenahanken
222

10000 1

2471




Geofysisk Institutt

Gliderpage — current vs depth profile
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Wagnstic Northward Displacement Thraugh Water (m)

Gliderpage — technical plot for pilot control
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Lofoten basin - Eddy

70 / 3341
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CTD Data: SGS2 - Dive 103 - Lofoten0213-Mission Start Tire: 16-Mar-2013 17:36:35

Geofysisk Institutt

g Y g
Y. 00k %922 '
?644 L
Q{{J 3220
O, | L L 1
; 3322 200 z00
7@93_00
Q“T 300 ‘{ E 300
P 9
¥ 8322 :
) 400 - 3 <400
| 3213 " = e g
< sl L I B, T, 4
69:36.00 e £ M : e s00
a
600 - = 600
w2
700 - ‘ t 700
T 2063 ‘
69:24.00 ool L Looo
Q’,\’ 32 [
N 00 - r 800
1000 & i ) S i I i i i i ! I i i 1000
1 1 4 45 35165 9517 35175 9518 95185 9519 781 2782 2783 _2ré4 2065
69-1 20@?@ 3533 Temperature (°C) Salinity (PSL) 5q (kaim)
[ Serial #: 0191 CAL: 11512
v 3223
A
T CTD Data SGS62 - Dive 153 - Lot 3-Misson Star Tine: 10-4p1-2013 05.0123
5:
iy
200 / -
A
60:24.00 | 300 fie G / L
400 : F
Yirebygda
jondal -
Fana E
£ s F
&
60:12.00 )50y e 2 g 600 F
700 H
o0 =
00 F
!
|
1000 £l Lodediy L e P i i i i
050 051 15 2 25 35 343 3435 95 9505 951 0515 952 2785 278 2r3s 28
Temperature (°C) salinity (PSU) =, (k)
Serial #: 0191 CAL: 11512

Bremnes




Exercises within the project 2013-2014

Test different “business models” for operational phase:

NACO mission planning, ballasting, deployment,

piloting, recovery, refurbishment

Piloting:

— Purchase 24/7 piloting services from third party
(OPTIMARE; 2012- early 2013)

— Inhouse capability - present, later separate unit in Norway?

—  EGO/GROOM network?

Develop proper cost model for users including
freight, deployment/recovery, maintenance, piloting
services per month, depreciation (including risk of
losSs)

Decide level of research user involvement in piloting,
competence, responsibilities, decisions/risks

Cost model for other (non-research) users



Status of infrastructure

The application stated that critical factors include:

1. technical demonstration of success in an early
stage,

2. development of confidence in the technology
from potential users, and

3. development of easy-to-use flight control and
longer service intervals to bring down
operational costs and ease user involvement.

OK with 1, working on 2, progress on 3.



Experience and recommendations

Gliders are very suitable for long section monitoring in
areas with not too strong currents.

Sections can be combined with fixed point observations
with good results; also worthwhile and relatively easy to
make room for eddy and other process studies.

Initial investment cost in gliders and training of personnel
IS considerable; cost of glider lab / glider port is less.

Own work on tailoring and embedding of manufacturer
software turned out to be well worth the effort; in less
than one year we could pilot ourselves with a small team
at less than commercial cost.

Flexibility in sensor package is essential and increasing.

Gliders provide useful supplement to Argo in regional
seas; impact on assimilation and prediction being tested.
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