Oceans are complex and are relatively
unexplored

Oscar Schofield
RU COOL

http://rucool.marine.rutgers.edu

| want to thank ocean leadership for the opportunity to speak, also i greatly appreciate the support of NSF and the efforts of the review committee. The ocean
community has for over a decade been designing and iterating on a distributed
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The Ocean is linked to plant growth on the continents

Sea Surface Temperature Anomolies Vegetation Index Anomolies
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Humans sample the ocean poorly




Difficult & dangerous
observe or interact
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Our Challenge:
To optimize the benefits

and mitigate the risks of
living on a planet driven by
two basic energy sources




Driven by

the sun
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MODIS Sea Surface Temperature from 2002 to 2006

The sun heats the
Earth at equator.

The planet cools at

the poles.

The ocean stores and
transfers heat.

svs.gsfc.nasa.gov




0°

% Subtropical high

N




A ]
= @ NPS =
» Los Alamos \%




Oceans Strongly Driven By Atmosphere - Solar Heat, Fresh (Rain)
Water, Heavy Winds, Air-Sea Gas Exchange)

Maximum Impact High Latitudes and Equator.

Annual 50m Wind Speed
July 1983 — June 1993
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Energetic wind/wave forcing




Driven by

interior heat




Oceans Strongly Coupled to the Atmosphere

Asymmetry: Heating Equator/Cooling Poles

Earth Rotation + Continental Bounds on Basin
Geometry Leads to Wind-Driven Gyres

Exchange Driven by Large Climate-mode variability
Maximum Impact High Latitudes and Equator.

Formation of Deep and Intermediate Water - “Conveyor
Belt” - Thousand year cycle.




Heat
Mesoscale Evaporation Thermal Transfer
ddies Radiation

Surfactants A OdsIS

7 hyl-
jmet’
Eumdf- .
Flux o Bubble
Production
& “Turbulence

Penetrating Near
Radiation Surf_n;:p Aamuir b tors Zooplankton
Shear and Circulations -
Microbreaking
Ekman
Spiral

Bacteria
Ekman
Transport

Internal at Mixed
Wave Layer Base
Radiation

Consumer

pheric Inputs

River Inputs

Nutrients
(N,P,S)

Rip Tide 4,
0n,
he

Partic

Wind
Driven
Coastal
Upwelling

dime

Counter
% Current




T
* Crustal
g | AT Magma
Microbesy Chamber
&Des

Biosphere

Heat | Magma
Source | Generation

Topographic
Turbulence

Hydrothermal
Recharge

Updip
TRt

—

Deep-Sea
Ecology

Hydrothermal
Discharge

Lithospheric Heat

Suh&

Gehon
SHomiSY
275

Accreted
=~ Sediments Shallow
> Earthquakes

Earthquakes

Continental Crust
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July 1983 — June 1993
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The success at understanding the large scale depends on
resolving the mesoscale

Ocean Surface Speed in NOAA/GFDL Southern Ocean Simulations
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Pacific Decadal Oscillation
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Source of PDO Images: Nate Matua 2000




El Nino La Nina




Pacific Decadal Oscillation
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Spring Chinook Salmon
returns to Columbia river

| Pacific Decadal Oscillation
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Gulf Stream
Sea Surface Temperature from




Gulf Stream

Sea Surface Temperature from
MODIS




Summer heating  Fresh water
input

Winter cooling,
convection

Shelfbreak
processes

Weather & climate
forcing
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Mesoscale & submesoscale
physical response

Ny

Ecosystem response

Warm core
ring

Processes
governing
exchanges
across the shelf
break front must
be understood
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Transients - B 2 =
« forcing and response

« nonlinearities B § 109
* lower period variability

as the sum of events sl g | *
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From T. Dickey







Internal Heat Drives Plate Tectonics
Linked to:

The Shape of Ocean Basins;
The Age of Oceanic Crust;
Character of Continental Margins
The Distribution Volcanoes, Earthquakes, Mountains;
The Formation/Location of Metal/Energy Deposits;
Deep Biosphere/Possible Origin of Life.










North
American
Plate

Juan de Fuca
Plate

Pacific Plate










Subduction
Zone




-
.0
4=
O
=}
=
el
S
N




Subduction
Zone




S ducn‘(',ﬁ -
<Oria

Asthenosphere

Mantle
Convection

Processes




e
Zone .

Cry, iS¢




Locked plate imphere

Accreted , Cascadadmubuiodiaction
. Sediments Shallow
zone earthquake....
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121°C organism isolated in under
anaerobic conditions with and N»-
CO2 headspace, electron donor =
Fe3+ Formation of magnetite.

Doubling time = 24 hrs.
Kashefi et al., Science 2003
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Gas Hydrates
a resource and

a hazard




Earth’s Carbon Reserves: Importance of methane hydrates

Gas Hydrates
10,000 gigatons
of carbon

Quantities in
gigatons of carbon

atmosphere

peat
terrestrial biosphere
dissolved organic matter
soils

fossil fuels

gas hydrate




Earthquake Distribution
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In the last decade we have discovered that the oceans
have perhaps Earth’s largest genetic, proteonomic, and

metal;olomlc dlverS|ty
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The dynamics in the mlcroblal fauna remains completely
unexplcred even though gwdence suggest marine microbial
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www.marum.de/Binaries/Binary26188fArnstein-1_M.jpg






Photo and Sound from




Biological Pump o0
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Emphasize what happens to atmospheric ppm without bio pump. Up to 680 ppm!



Chlorophyll a (mg m™)
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for 1 degree x 1 degree x 1 week box @
centered at 22,75 N Lat_, 158.0° W Lon.

L] Flourometric Chlorophyll a from HALE ALOHA
crulse 8a (23 -24 June, 2000)

+  HPLC-derived, mixed layer mean Chiorophyll &
from NSF HOT cruises (#'s B4 though 115)
>
Diatom Blooms
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Episodic blooms play a large
role in sequestering organic
carbon to the lithosphere.
Understanding these events
is central to proposals for
fertilizing the oceans for
carbon sequesteration.
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