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CONCEPTUAL APPROACH TO
EXPLORING OCEANS IN THE TIME DOMAIN

- Protect Planetary Life Support System - The Global Ocean Basin;
-+ Marine EcoSystem Dynamics - Myriad n-dimensional volumetric sub-domains;

- ldentify and Document Advanced Environmental Degradation;

- Must be Interactively Present throughout Ocean at all times;

- Integrate Exponential Tech Evolution - Plan multiple generations out;

- Employ Next Gen Marine Autonomy - Aggressive Use of breakthroughs;

- Build Ever-expanding Data Base Fed by Real-Time 4-D Data Flow;

- Routinely Visualize, Model & Compare Historical Data against Real-time Data;

-+ Search for life beyond earth - Planning/Testing to Explore Off-Planet Oceans.
J.R.Delaney-UW



“THE SYSTEM”

Our Challenge:
To optimize the benefits
and mitigate the risks of
iving on a planet driven b
two basic energy sources
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SOLAR ENERGY

CAUSES:
Winds, Waves, Tides,

cean Currents, Clou
Formation, Rainfall,
Storms, Erosion,
rought, Hurricanes,
Photosynthesis, and
Carbon Cycling
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INTERNAL ENERGY

* Drives Plate Tectonics,
* Moves Continents,
* Builds Mountain Ranges,

* Molten Rock for Volcanoes,

* Causes Major Earthquakes,
* Concentrates Metal Deposits,
* Framework for Energy Deposits,
* Major ‘Source’ of Chemosynthesis.
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THE HUMAN ELEMENT

* Human activities alter Earth systems, increasing
the ocean’s vulnerability to stresses and
perturbations.

* SOLUTION: requires deep understanding of the
organization and function of MARINE

ECOSYSTEMS
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The Global Ocean is the Essential Life
Support System of the Entire Planet.
Oxygen, GH Gases, Heat..

But...The Ocean Basins also
Underpin the Global Economy!

Food, Energy, Commerce, Projection of
Sea Power, Communications, Recreation -
All Depend Upon, and Impact, the
Health and the Economy of our Planetary System.
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As a Consequence, Balancing ALL Oceanic Linkages
will be essential to ensure sustained well-being of our
Global Community

THIS IS NOT SOMETHING WE ARE
PARTICULARLY GOOD AT.

J.R.Delaney-UW



S On May 27, 2017, the
'Economist ran a main story
about Marine Ecosystem Devastation

In the 1990’s, Jeremy Jackson”
sounded the warning about '
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serious Marine Ecosystem decline
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Their Statement “The Ocean
Sustains Humanity, Humanity
treats it with contempt”
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He was roundly criticized by
experts in the field
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A crucial focus must be a deep understanding of
MARINE ECOSYSTEMS.

This requires that we enter the ocean
permanently and comprehensively,
to study the complex interacting processes
from within the ocean!!!

J.R.Delaney-UW
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From Oscar Schgfield




atellite Antenna

' | ‘ Temperature,
ARGO, a global array 7 - M-
of 3,800 free-drifting > | —— pressure sensor

profiling floats, is
measuring the
temperature, salinity, - - , . - BN | Stability Disk
and movement - 7N |
of the upper 2000 m of

ocean. = '8 4 - (3ear motor
All data being relayed o v . Piston
by satellite and = L e |

made publicly y Ji - Battery
available within . -
hours ~ P J Hydraulic fluid
after collection. g —
ScrippSinstit of Protecting boot

J.R.Delaney-UW ‘ceanography 3 1990’5  Hydraulic bladde
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"""""""" oatellite Antenna 400

378 papers in 2015 is > 1 paper/day

Temperature, ¥
------------ conductivity and Total papers to date = 2402
pressure sensors _ _
300 New York Times Article by
J. Gillis, Aug 12, 2014:
 Stability Disk “One of the scientific triumphs
of the age” | =
,, : | :
1. Gear motor )
- =
J
i . Piston 100
|- Battery using profling floats I I I
4"

- - Hydraulic fluid

The number of papers, by year, published in refereed journals and that are extensively or totally dependent on the availability of Argo data as of 30th May 2016. @ More details

- Protecting boot
" Hydraulic bladde J.R.Delaney-UW




And then there were Gliders -
ARGO Floats with Wings and beyond!

J.R.Delaney-UW



One Example of Launching a Different Type
of Sustained Approach

to Long-term Interactive Human “Presence’
within Entire

Volumes of Oceanic Ecosystems

J.R.Delaney-UW
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One of Many Examples of
ISSUES AND QUESTIONS:

HOW DO FUNDAMENTALLY DIFFERENT MARINE ECOSYSTEMS
ACTUALLY INTERACT THROUGH TIME AND SPACE?

- WHAT ARE THE LINKAGES AND INTERDEPENDENCIES AMONG

THE PHYSICAL, CHEMICAL, AND BIOLOGICAL PROCESSES IN
EVOLVING MID-OCEAN RIDGE (M.O.R.) SYSTEMS?

- WHAT ARE THE MECHANISMS AND CONSEQUENCES OF M.O.R.

ERUPTIONS...WITH RESPECT TO THE OVERLYING OCEAN?

- WHAT IS THE COMPLETE DEFORMATIONAL HISTORY OF THE
M.O.R. CYCLE - ERUPTION-TO-ERUPTION?

J.R.Delaney-UW
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Axial Volcano
Sub-seafloor

Visualization based off of:

Anatomy of an Active Submarine Volcano

A.F. Arnulf, A.J. Harding, G.M. Kent
S.M. Carbotte, J.P. Canales, M.R. Nedimovic

Upper Crustal Reflectivity Model
4:1 vertical exaggeration

Geology June 9 2014
gsapubs.org 10 1130/G35629 1
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Earthquake Histogram

3 Slide
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Axial Eruption April 24, 2015



Earthquake

Movie
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Bottom pressure —
tilt instrument
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Seafloor inflation and deflation
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Depth (m)
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1512.5 ) 6

Apcitg 2 My 2

B Chadwick & S. Nooner
Streaming data to shore showed the seafloor fell 7.4 ft and is
now inflating again

Water temperatures across the caldera were elevated
for several weeks



Axial Central Caldera Low Frequency Hydrophone (200 Hz) Speed x5

W Hwh mmﬂhmm
Lt A W'



http://service.iris.edu/irisws/timeseries/1/query?net=OO&sta=AXCC1&cha=HDH&start=2015-04-26T00:20:20&end=2015-04-26T02:24:40&output=plot&loc=--&width=2500&height=1000&antialias=true
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2015 Eruption of Axial Seamount
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What is happening now and when will Axial erupt againe

Long-term inflation/deflation record in Axial caldera
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“The real voyage of discovery consists
not in seeking new landscapes, but in
having new eyes”

Marcel Proust
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MUSHROOM HYDROTHERMAL VENT

IN ASHES VENT FIELD

High Resolution Pano ‘:.F- L Tlme'SerleS ngh

image made from 5 i.j";,",;" .l-“:"'- -l" o . ey
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Time interval: Nov, 2015
to July 20, 2016 - One
frame every 3 hours

Video Assembled by
+ Tim Crone and Friedrich Knuth
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Music: Flight of the Bumblebee
by Rimsky-Korsakov

E-I::H‘l',rmu-iry' D.Caress and D_.Clague, MBARI
EM302 Multi-beam, UW, Image Mosaic by CEV, UW, 2015
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Live telepresence w/ remote control of camera inside Axial Seamount

First time the HD video camera is being controlled by a user of the system.
National Ocean Exploration Forum, UC San Diego at Qualcomm Institute
October 23rd, 2017



https://chiron.ldeo.columbia.edu/

ERUPTIVE “MEGAPLUME

* Rise heights >1000 m above

seafloor

R
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Manalang and Delaney, 2016

RESIDENT AUV SYSTEM
qgmw‘;t‘é:“c%‘iﬁ:{.‘ﬁ
AU\_I
mapping
seafloor

- Acoustic

'Qateway Docking -

Statlon




A Resident AUV*%* Permanently Deployed on Axial
. Seamount, semi-autonomous, but controllable from shore

AXIAL ACOUSTIC MESH NETWORK - IN CONCEPT
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Imagineering!

J.R.Delaney-UW


https://www.dropbox.com/s/t4ysrv9yi8jmv7c/Whale%20Song.key

A more ambitious system for earthquake and tsunami early
warning and hazards research
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NG R
- Myriad Streams of ) g d

: Real-tlme Data Flow Captured

e

VISION OF 1\
NEXT-GEN

OCEAN
SCIENCE

...into an Ever-Expanding Reservoir of Historical Data
(The Globally Accessible Archive) J.R.Delaney-UW



Moore’s Law

Every 12 to 18 months, computers double their capabilities,

Governments and big companies use exponential
growth charts for predicting the future

The next slide shows the improvement level that our technology
will have in the next five years

J.R.Delaney-UW
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Increase In
Current Technological Ability
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The previous 5 year chart clearly showed
a marked difference each year

Compared to a 10 year span, 32 times
advancement (5 years) in Technology is only 3% 102
512
250
200

It ) 3 16 3 i

48 —— S

2 3 4 ® ® 14 3 9 10 11

Time (years)

J.R.Delaney-UW



Peter Diamandis - www.diamandis.com/data

Cost of Sequencing a Genome

Similar Curves for Nanotech &
$100M Artificial Ir iaence/Robots

—

$10M N

Moore’s Law

S1IM

$100K

$10K

S1K
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

H

Source: National Human Genome Research Institute
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IF WAYNE GRETZKY WERE
AN OCEANOGRAPHER,
WOULD WE WIN THE STANLEY CUP?

J.R.Delaney-UW



“Skate to where the puck is

going,
not where it Is now”

Wayne Gretzky

J.R.Delaney-UW



Quote from Klaus Schwab

Re: Fourth Industrial Revolution

“The possibilities of billions of people connected by mobile devices, with unprecedented
processing power, storage capacity, and access to knowledge, are unlimited.

And these possibilities will be multiplied by emerging technology breakthroughs in fields
such as artificial intelligence, robotics, the Internet of Things, autonomous vehicles, 3-D
printing, nanotechnology, biotechnology, materials science, energy storage, and quantum
computing.”

J.R.Delaney-UW



What Might the Future of
Ocean Exploration Involve?

Broad Spectrum, Evolving Sensor Capability
10’s of 1000°s of Highly Intelligent Adaptive Platforms
Operating at Many Different Scales
Real-time Communication - Optical, Acoustic, Other?
In Situ Auto-repair & Replication

Strategy:
Take Maximum Advantage of Rapid Convergence of
Communications, Genomics, A.l., Nanotech,.et

gey-UW
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_.4-D Meta-Genomic "Mapping” of Ocean Space
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Food Chain Base of Food Chain Volcanic Domain
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EXPONENTIALLY
CHANGING
TECHNOLOGIES ?

N




‘Sometimes | think
we're alone In the
universe, and
sometimes | think
we're not. In either
case the idea Is
quite staggering.”

--Arthur C. Clark
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Matrix

EUROPA OCEAN & THE
TIDES OF JUPITER






Janus
Epimetheus

Cassini Saturn Orbit Insertion

- Encke
gl?l?:;" Division Ring Plane Crossing
(Pan)

ring Mimas Enceladus Tethys
(outer'edge: Atlas)

F ring
(Prometheus,
Pandora)
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Cassini Imaging
scientists used views
ke this one to help
them identity the
source locations for
[plel\Vile[VEIRISIES
spurting ice particles,
water vapor and
trace organic
compounds from the
surface of Saturn's
moon Enceladus.
mage credit: NASA/
JPL/Space Science
nstitute




A Cabled Test-bed for
developing and
thoroughly testing
off-planet “Orgobots” to
explore extraterrestrial
oceans for life

J.R.Delaney-UW
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CONCEPTUAL APPROACH TO
EXPLORING OCEANS IN THE TIME DOMAIN

- Protect Planetary Life Support System - The Global Ocean Basin;
-+ Marine EcoSystem Dynamics - Myriad n-dimensional volumetric sub-domains;

- ldentify and Document Advanced Environmental Degradation;

- Must be Interactively Present throughout Ocean at all times;

- Integrate Exponential Tech Evolution - Plan multiple generations out;

- Employ Next Gen Marine Autonomy - Aggressive Use of breakthroughs;

- Build Ever-expanding Data Base Fed by Real-Time 4-D Data Flow;

- Routinely Visualize, Model & Compare Historical Data against Real-time Data;

-+ Search for life beyond earth - Planning/Testing to Explore Off-Planet Oceans.
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