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For the next few days here is my plan:

| am an ocean scientist, not an engineers like all of you. So we will talk
about a lot of new technologies but will try to focus on what things
they can teach about the ocean.

A brief view of big ocean questions facing us. What technology do we
need!?

A look to where the ocean is going

What are the backbone technologies to ocean observatories

Case example |:Southern Ocean processes and a future observatory

Case example |l: Transport of urbanized rivers on broad continental
shelves

What are some of the big initiatives in the United States?




My father was a scientist/engineer from Sweden










First cruise at 18, once science became an
active hands-on experience, I loved it

First cruise, hand Hand built Data recorded to  Bad 1980's
lowering Instrument instrumentation hair
at age 18




To look to the future it is useful to how far we have come?
Where were we 30 years ago?

Apple II Introduced
4K of Memory




Average Annual Ship Operating Cost by Class
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Modest change in HOV capabilities. Alvin launched stern first in 1990.
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Much greater change in capabilities of
remotely operated vehicles, but not
more vehicles. 1 ROV in National
Facility. Several in private facilities.

Jason — 1988

Ventana - 1988




Main satellite sensors used today were operating in 1990’s.
Data access and quality is better.

Satellite Altimetry ( described TOPEX/Poseidon as "the most
successful ocean experiment of all times”) has gone from one platform in 1992 to
an array today.
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Coastal Zone Color Scanner operated 1978 to 1986 and then a hiatus until 1997. A
large array o ocean color missions with different functions:
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Sea Surface Temperature —
“NOAA has been providing
research quality SST data
continuously since 1981”

Other ocean relevant
missions include winds —
(scatterometer — QuikScat),
precipitation (TRMM)

OCO/Atmospheric CO, —
coming

Aquarius/Sea Surface Salinity
- coming
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Moorings — TAO array of 70 moorings completed in 1994

TAO/TRITON Array
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Current NDBC buoy
array. Mostly for

meteorology.
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& Stations with recent data 263 NDEC stations deployed Disclaimer
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OceansITES OceanSITES Status Map 2009 - Operating Sites

OceanSITES Moorings and Observatories (91) Transport sites (16)
OPERATING Real time data (44) OPERATING

B OPERATING Delayed Mode data (47) ®  Transport Stations

Note: This status was based on information provided in 2009.




3169 Floats
27-Jun-2010
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Gliders Provide an Adaptive Global Presence
in the Ocean 214 deployments worldwide

( Oct. 2003 — Oct. 2010)

Over 85441 km (Earth’s circ. ~ 40,000 km)
3970 days at sea, 516461 profiles

Livérbobl -Ba-‘ty-
Coastal Observatory

<30
|

=
!

115 116 117 118 119 12(

-83.5 -83 -82.5 -82

Mid-Atlantic Shelf West Florida Shelf Mediterranean Sea Perth, Australia




-82 -815 -81

001T185400-20101022T160808 GMT
5

-83  -82
Longitude (Decimal Degrees)

L]
-83.5

24

(sea1ba leWIOB Q) SpNINET]

IS MOorning
RUZSZ%OSITION 20101

-
=
&
@)
| -
G
(q0)
]
(¢
O
| -
()
O

€]

73

__RU16 POSITION: 20101008T132622-20101024T192304 GMT
74 735
Longitude (Decimal Degrees)

(seaiBoq [ewioag) apmue




Sensors:

1990 Vector averaging current meters, temperature and salinity (Seacat
introduced 1986), data still recorded to magnetic tape in many cases.
ADCP’s just entering the market.

Some biooptics

Sensors — 25 years ago ADCP’s were just entering the market and moored

CTD’s barely available. Now biogeochem. sensors more widely available, an
ADCP and CTD in every pot

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 97, NO.
C5, PP. 7399-7412, 1992
doi:10.1029/92JC00408

Estimation of Seasonal Primary Production From
Moored Optical Sensors in the Sargasso Sea




Challenge 3) Gliders are just the platform,
what can we measure?

Rutgers, Webb Research, and Instrument Companies
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Couple data assimilative models to glider data.
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Gliders 3-D Nowcasts

foou 0 S4DVAR procedure

Lagrange function L, = J(X) + 2 F, = F(iAr)
7 Lagrange multiplier &,

At extrema of L , we require:
-4, H'0™' (Hx, -y, )=0 ADROMS
0=B"'(x(0)-x,)-&0)=0 coupling of NL& ADROI

DVAR procedu — ic.of ADROI

Choosean X(0)
Integrate NLROMS  #€[0,7] and compute J
Integrate ADROMS  /€[7,0] to get &(0)

Compute —B (x(0)-x
x(0) N ’

Use a descent algorithm to determine a “down gradient” correction tox(0) that will yield a
Nested Ocean Models smaller value of J
Back to (2) until converged

Nested Models Data Assimilation




Temperature (C) at 5 meters (SST); 5 July 1993

70

1990 — end of box models to low
resolution (3x3 degree) 3D models
for biogeochem.
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Figure 7. Snapshots of temperature (top) and new production (bottom) in a 0.1° resolution

. ses
Flg 1. StrUCture Of the HILDA model. The biosphere throughout the basin; biological uptake of nutrients is replete with mesoscale structure in
box is included only for calculating iSOtOpiC perturba- nearly all areas except for the subpolar region, where production is still light limited in early
tions due to the anthropogenic CO, emissions, i.e., the
Suess effect.

July. Eddies play an important role in determining the mean

()"mmi';}mp/gv | Vol. 19, No. 1, Mar. 2006 35




Web — first browser Mosaic developed in 1992.

Circa 1990 - 2400 to 4800 baud

Data communications — 1980 — 300 baud

WiFi 802.11g — 50,000,000
baud




Ship to shore communications — 1990 we used the ATS
satellite on Saturday mornings served by a shore-based
operator in Malabar, FL or San Diego, CA, who made a
collect telephone call. The whole fleet listened in on each
conversation:

“Hello honey, how are the kids? And you have to say
“over”, over.”




2010 http://hiseasnet.ucsd.edu/

» Uses marine-stabilizeéd
- antennas
+ 2.4m dishes for larger VESSEIS
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¢ 1m-1.5m dis

lishes for smaller
vessels (Ku-band)

+ Connectivity is all IP based
+ 64kbps to 96kbps ship-to-shore

+ Shared shore-to-ship links
between 192kbps (3 ships) to
256kbps (5 ships)

+ Allows for flexibility of any type
of traffic to be sent (e-mail,
web, FTP, SSH, IM, VoIP, etc.)



Sustained Observatory Operations from Multiple Locations
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Darwin’s Odyssey — January 11, 2006
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Gliders Provide
A Distributed Subsurface Mobile
Sensor Networks:

In Navy talk:
Ideal for asymmetric needs
given the ability for sustained
persistent and linger capacity

Take home: We are now capable of
sustained observations

Challenges?




Batteries — more power

1990 rechargeable energy density 0.14 MJ/kg

1990 primary alkaline 0.4-0.59 MlJ/kg
2010 rechargeable Lithium ion 0.5 MJ/kg

2010 primary Lithium 1 MJ/kg




Mission Complete: Scarlet Knight is the ﬁrst underwater robot
to cross an ocean basin |

221 Days

7,409 km

11,000 Dives

11,000 Climbs

Energy Equivalent of 8 minutes

power for lights on the
Rockefeller Center Tree.

v Te——— - Image by Dan Crowell

Tuckerton, New Jersey, USA

Baiona, Galicia, Spain




Mission Complete: Scarlet Knight is the first underwater robot

to cross an ocean basin
A hero'’s Welcome, December 9, 2009

~ GOBIERNO MINISTERIO
(%3S DEESPANA DEFOMENTO

EN CONMEMORACION
DA CHEGADA DO
“SCARLET KNIGHT"

A BAIONA, 516 ANOS
DESPOIS DA ARRIBADA
DA CARABELA PINTA.

IN COMMEMORATION
OF THE ARRIVAL
TO BAIONA OF THE
"SCARLET KNIGHT"
516 YEARS AFTER
THE PINTA CARABEL
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. ] o . TECH SPECS
Imaging — a scientific CCD with much
< 0.5 Mpixel and 10’s of S1k was the ————
1990 standard. Now, high def, \,,””_4/ /’”7///%%”‘"’

stereo Red — 14 Mpixel...
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CAMERA SPECIFICATIONS
CAMERA
Sensor 12 Megapixel Mysterium™ X777 TS
Physical Size 24.4mm x 13.7mm (Super35mm)
Active Pixel Array
Full Pixel Array
Dynamic Range

Depth of Field




Analytical capabilities
allowing greater
number of samples to
be analyzed.

Late 1980’s state of
the art for Fe —
meridional section
from Alaska to south
of Equator and zonal
section from
California to Hawaii
for iron. About 80
samples each, and
each took 2 yearsin a
shore based lab to
analyze.

K.S. Johnson et al. / Marine Ché
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GB100S MEASURES ET AL.: A16N TRACE ELEMENTS GB1005

id-2000’s —
/20 Fe samples
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Figure 1. Property distributions between 62°N and 5°S, contoured using Ocean Data View of (top)
dissolved Al, (nM) overlain with potential density contours in kg m 3. (middle) Fe. (nM) overlain with
oxygen contours in M: (bottom) salinity, (PSS78) overlain with potential density contours in kg m !




Why is this important now?

Growing Human Population — Greatest in Less Developed Countries

World population development
Billions Billions
- 10
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O =Ecosystem models

A =Stock assessments

M =Research surveys
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