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An Ocean Blueprint for the 21st Century: final report

(US Commission on Ocean Policy, 2004)

Figure 1.4 The Shift from Goods to Services in the Ocean Economy
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Between 1990 and 2000, the ocean economy experienced a significant increase in the importance
of service-oriented activities. This trend is clearly illustrated by the dramatic increase in both
employment and output associated with tourism and recreation. Shifts in employment and revenue
in the traditional goods-producing sectors—minerals, living resources, transportation, ship and boat
building—were affected by changes in technology, national priorities, and the status of living and
nonliving resources.

Source: Living Near... and Making a Living From... the Nation’s Coasts and Oceans, Appendix C.

Insurance Payouts in
Billions of Dollars

Figure 10.1 The Growing Cost of Natural Disasters
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In the thirty years between 1967 and 1996, insurance compHhies
have experienced a 6,000 percent increase in payouts to federal

and private insurance holders for damages due to natural
catastrophes.

Source: Consumer Federation of America. America’s Disastrous Disaster
System. Washington, DC, January 1998.
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Figure ES.8 Ports are the Primary Gateway
for International Trade
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In 2001, U.S. ports were major gateways for international trade.
Waterborne commerce accounted for 78 percent of total U.S.
international trade by weight (1,643 million tons) and 38
percent by value ($718 billion).

Source: U.S. Department of Transportation, Bureau of Transportation.
“U.S. International Trade and Freight Transportation Trends 2003."
<www.bts.gov/publications/us_international_trade_and_freight_
transportation_trends/2003/> (Accessed May 2004).



An Ocean Blueprint for the 21st Century: final report (US Commission on Ocean Policy, 2004)

Flood of Ocean & Coastal Data

Figure 28.1 The Flood of Ocean and Coastal Data into NOAA Figure 28.2 The Growing Demand for Ocean Data
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Between 2002 and 2017, NOAA's data holdings are expected to grow by a factor of 100, to 74
million gigabytes. (One gigabyte equals about one billion bytes; one terabyte equals about one

thousand gigabytes.)

Online users are requesting increasing amounts of environmental data and information from NOAA
each year. Improved data management practices are needed to address the growing volume of requests.

Source: National Oceanic and Atmospheric Administration. The Nation's Environmental Data: Treasures at Risk:
A Report to Congress on the Status and Challenges for NOAA's Environmental Data Systems. Washington, DC:
U.S. Department of Commerce, 2001.

Source: National Oceanic and Atmospheric Administration. The Nation’s Environmental Data: Treasures at Risk:
A Report to Congress on the Status and Challenges for NOAA’s Environmental Data Systems. Washington, DC:
U.S. Department of Commerce, 2001.
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Did you know that ocean observations

are critical for understanding climate change?

The ocean absorbs about

@ @

of the excess heat of the
in the earth system carbon emissions

and is a major driver of our climate.

Observing our ocean helps us
predict extreme weather,
manage fisheries and
protect marine assets
such as coral reefs.

55 Essential
Climate Variables

are vital for understanding
the climate, including
22 ocean ones.

| Rl Y B +® s’ " g™ e e

Temperature Salinity Carbon Currents Sea level

help us track changes in ocean heat, carbon
and freshwater content and their influence on
regional climate patterns, sea level rise
and ocean acidification

(= ()Y

sor
Ocean Heat Sea Sesa
surface stress fluxes state ice

determine how energy, water, oxygen,
CO2 and other gases circulate between the
atmosphere and ocean.

/o \.
| ® b ' ;
\ o J

Oxygen Nutnents Plankton Marine habitat

measurements are needed to understand
how ocean changes impact on
marine life, carbon uptake
and coastal protection

b (SRS £

The ocean belongs to us all
international agreements and
voluntary commitments deliver
systematic observations of the ocean

0

Measurements of ocean
chemistry and biology
have been improved by advances
In sensor technology to complement
traditional ship observations

Much of the ocean is
remote and extreme
Advances in equipment and
communications are leading to
improved observations under
the ice and in the deep ocean
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Ocean & GCoastal Science Needs I:
Issues

Sea-level Change }

Ocean’s Role Meridional Overturning Circulation Variability (Implications for rapid climate change)

Predictive Models

Polar Climate Changes

Polar Environments Polar Physical Environments

Iceberg & Debris Transport
Polar Oceans
Polar Energy Resources
Polar Resources Geological Resources

Biological Resources

Coastal Dynamics

Estuarine Processes

Coastal Geomorphology

Ocean & Coastal Environments
Coastal Environmental Changes Coastal climate changes

Beach Erosion

Natural Hazards Coastal Hazards

Tracking & Predicting Hazards

[ Ocean & Coastal Scientific Issues J Loess & PM2.5

Sediment Processes
Sediment

managing Marine Sediment

Source & Sink

Seafloor & Geodynamics sedimentary sequence
Paleo Climate
depositional processes
Measurements of Ocean temp., currents, other variables

Coral Reef Prediction of the impacts of global climate change and other natural and human induced events

ecology of cold-water corals

feeds

Environmental Impacts of Aquaculture species

chemicals and pharmaceuticals

Regional Ecosystem Dynamics

Invasive Species

Marine Debris

Marine Mammals and Protected Species

Coastal ecosystem functions & managements
Coastal Ecosystem Functioning
O human activities & natural events

]

Marine Biodiversity
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7H'E (Concept)
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DIGITAL TWIN
(Smart Factory)

GE Imagination at work https://www.ge.com/digital/
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GE PREDIX Cloud Platform
Industrial Internet Platform

Introducing Predix Cloud

Purpose-built for industrial data and analytics

7+ billion 50 billion

people today connected “things” by 2020

Gigabytes and Terabytes Exabytes t

/ volume

of |
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POSCQO’s Smart Factory

GOSCO

globdlblog.posco.com
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HEHHA (Metaverse)

7t&E 2|0|st= ‘MlEl(meta)' 2t MAIZ 2|0|st= ‘FLIHA(universe)’'2| &FEOE 7Had1t 94 MA|7F &=2185H= 3K 7HEMA|

HEMA TrSHIA
(2rSAA)

HEHHAS| =7 (ASF*, 2007)

*Acceleration Studies Foundation
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The Matrix (1999)

Dream World
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JIAMS{Al LR RZEICE 2F10| 2 Z3y|Ql AlY
(VRMMORPG: Virtual reality massively multlplayer online role-playing game)

AL OIE 229l O|M|A|(£1t5R) : 2271 H11 A= MAIt= CHE MAIS 25H0 =2 0igl, offL|mjo|Mut 22 O|C|o| FEE F2 AIE
(SAO: Sword Art Online, 2002) (7171942, 2021)
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2f|C] Z2i0]0] &
(Ready Player One, 2018%)

‘OASIS’ 7ialedd AlE2][0|M(virtual reality simulation)

* S1xk A4M: Ernest Cline, 2011
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HEH Meta)* 0t0| A2 A Z E (Microsoft)

714tsd 4 (Virtual Reality)

i CIX|g Egl
A4 Z38E(Social Platform) IXIE E3(Digital Twin)
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Citizens and Sensors

|||||||||||||||||||||

U ShEH|0|E SE1E7

Ocean Data Plattorm?
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European Centre for Medium-Range Weather Forecasts

Digital Earth

Destination Earth (DestinE)

Information Infrastructures
Citizens and Sensors UNDERSTAND THE PAST, PREDICT THE FUTURE

. . . Fed by real-world observations, these digital twins let us understand
Brin ging it all tog ether what has happened on Earth — and what will happen in the decades ahead.

PAST PRESENT FUTURE
Revisit the past and Assess and monitor
understand change our current situation test how we might intervene

~

Observations | Swmulations Observations | Simulations Simulations
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Long-term Ecosystem Observatory
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CYBER BLUE «msT, 2017)

(Digital Ocean: Smart Ocean-Science Research
Real World Smart Ocean Ocean Science Cloud
Observation Computing Platform

31 Digital World

Platform)

Virtual World
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Information Service

Artificial Organ
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3D Printer
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Oil Spills

Red tides Search and Rescue Storm waves

Flooding/Inundation

Leisure
Tourism
etc.

Korean PORTS
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X (KIMST 2MRIAIOJE, 2020)
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CIXIE X7 Fois flet

For example, Siemens PLM Software is helping customers save millions of dollars and improve
product performance. Their innovative technology (which runs on Dell gear) takes a big data
approach that searches billions of data records in seconds and helps pinpoint emerging issues
within the supply chain. Read the case study.
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