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Grand Challenges Facing Our Oceans .
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Outline

Economic Value of Ocean Industries and Ecosystem Services
Challenges to our Oceans and Coasts in the Anthropocene
UN Sustainable Development Goal 14 (Oceans)

Meeting the plethora of Challenges : What is required of
science and engineering?

» Global Ocean Observing

-l A

> National Marine Science Plan
» A Case Study - The Great Barrier Reef

AIMS: Australia’s tropical marine research agency.



The Global “Blue Economy” (WWF, 2015)

FIGURE 1- GLOBAL DCEAN ASSET VALUE

The ocean provides wide-
ranging value, from food
and tourism to coastal
protection and much more.

FIGURE 2 - ANNUAL GROSS MARINE PRODUCT
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The annual gross marine product, the
equivalent of a country’s GDP,

would make the ocean the world’s 7th
largest economy.
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AIMS: Australia’s tropical marine research agency.

The ocean is
> valued at more

than US524 trillion;

however, its actual

difficult to quantify.

Analysis for this
section is provided by

value is likely to be much
higher because many key
ecosystem services are

BCG
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The ocean’s asset

value would dwarf the
world’s largest soversign
wealth funds:

Uss2dtn

# US5893bn
NORWAY

& US$773in
ABU DHABI

ADIA

¢ US§757n
SAUDI ARABIA

SAMA

* US$653mm
(HM

China investment Com.

é FIGURE 3- OCEAN ECONOMY DEPENDENT ON HEALTHY ASSETS

Gross marine product
<= is the ocean’s annmal
sconomic value:

More than two-thirds of
the gross marine product

is dependent on healthy
ocean assets,

© The Boston Consulting Group, Inc. All rights resenved.
For more information on the BCG methodology, please visit ocean_panda_org




AIMS Index of Marine Industries
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Growing 2.5x faster than national economy
Predicted to be worth $S100 billion in 2025
> Agriculture in economic value add

AIMS: Australia’s tropical marine research agency.




One planet, one ocean

Climate
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The anthropocene

A new age of human impact

NEWSFocus |
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There’s no dispute that h are leaving their mark on the planet,
but geologists and other scientists are debating whether this imprint is
distinctive and enduring gh to desig: anew epoch: the Anthropocene

Science 7 October 2011
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THE NEXT GOLDEN STATE: A 16-PAGE SPECIAL REPORT ON AUSTRALIA
Obama, Bibi and peace

The i Huntsman blows his hom
Economlst A soft landing for China

The costly war on cancer

How the brain drain reduces poverty

26 May 2011



The anthropocene

Population and CO,

Atmospheric CO2 Concentration vs. Human Population

@ Atmospheric CO, concentration (ppm)
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Earth has warmed by 0.8 C since 1880

Where is global warming going?

Glaciers/ice caps
0.9%

. Arctic sea ice
0.8%

° Greenland Ice Sheet
0.2%

° Antarctic Ice Sheet
0.2%




The anthropocene: changing ocean environment

World Meteorological Organization 2016




The anthropocene: changing ocean environment
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The anthropocene: changing ocean environment

Breathless: deoxygenation
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The anthropocene: changing ocean environment
Rising Sea Level
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The anthropocene
Population and nutrients
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The anthropocene

Fishing
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The anthropocene
Plastics
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The anthropocene

Sound

Figure 1. The hearing ranges of different
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Human vulnerability and the ocean
Coastal livelihoods and ocean economy




ty and the ocean

Human vulnerabili

Ecosystem health




The anthropocene
Cumulative impact

I Very Low Impact (<1.4) [[] Medium Impact (4.95-8.47) B High Impact (12-15.52)
[ Low Impact (1.4-4.95) [ Medium High Impact (8.47-12) Il Very High Impact (>15.52)

“ Halpern et al., Science, 2008




SDG 14 Challenges?

Economic and Social Drivers V Long Term Sustainability.

Governance (in all its guises) : Local, National, Regional, “High
Seas”

Poorly defined management objectives, strategies and measures.
Lack of Effective Assessment E.g. 2014 World Ocean Assessment.

Legacy of systemic and long term underinvestment in preventing
and restoring ecosystem degradation.

Grossly inadequate observing/monitoring/modelling of most
components of marine systems (incl. socio- economic) to inform
policy-makers, investors and managers in both the private and
public sectors.

AIMS: Australia’s tropical marine research agency.




Global Ocean Observations

The Global Ocean
Observing System

GROUP ON
EARTH OBSERVATIONS

MBON  BLUEGGNET

Marine Biodiversity Oceans and SOClety

Observation Network

GLOBAL CLIMATE OBSERVING SYSTEM

‘\JIMOS Integrated Marine Observing System - ":.:

[®OS ::f; 59;99099; | &

nnnnnn g System
(NTEGRATED DCEAN DBSERVING SYSTER
S os GLOBAL CORAL REEF
SOUTHERN OCEAN OBSERVING SYSTEM MONITORING NETWORK

AIMS: Australia’s tropical marine research agency.




GOOS/GCOS 2010 implementation goals

Total in situ networks | 63%

continuous satellite measurements
of sea surface temperature, height,
winds, ocean color, and sea ice

0 Global time 76% Global tropical moored
66% series network co7 & buoy network

D 125 moorings planned

87 combined sites
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Dec 2014

Surface measurements
0
100% from volunteer ships (VOS)

250 ships in VOSclim pilot project

100% Global drifting surface
buoy array
—p —Pp ice buoys

5° resolution array: 1250 floats

Tide gauge network
40% (GLOSS committed)

A A o 300 real-time reporting gauges
Fast Slowino GPS
data data

XBT sub-surface
39% temperature section
network

37000 XBTs deployed

Argo profiling float
- 100%  network

3° resolution array: 3200 floats

62% Repeat hydrography and
carbon inventory
(Planned)

Full ocean survey in 10 years

Representative
Milestones

30 |34 |40 45 | 48 | 55 | 56 59 | 60 | 62 62 | 62

AIMS: Australia’s tropical marine research agency.

62%) 63%

Original goal for full
implementation by 2010

System % sustained,
of initial goals
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GOOS for climate

global participation varies by network

Argo ® ARG @ JPN PRT
profiling ® AUS KEN @ RUS
floats @ BRA @ KIR @ STP
® CAN MYS @ SEN
® Cpv MDV @ SYC
® CHL @ MNP ® SGP
® CHN @ MHL SLB
® 0K MUS @ ZAF
(RI MEX @ KOR
® DII MOZ @ ESP
® E MMR @ LKA
® EWR NRU @ SWE
® FSM NLD TZA
® FiI NZL @ THA
FRA @ NOR @ TGO
® DEU @ OMN TON
® GHA @ PAK @ TUV
Hydrography © HKG @ PLW GBR
ship-based survey @ IND @ PAN USA
for carbon inventory © IDN @ PNG @ wUT
tide gauges with IRL @ PER @ VNM
fast-delivery of data ® ISR @ PHL

AIMS: Australia’s tropical marine research agency.




Framework for Ocean Observation

Framework
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EOVs and readiness level
CONCEPT PILOT MATURE *also ECV ** First tranche of bEOVs

Physics Biogeochemistry Biology and Ecosystems**
*Sea State* eOxygen* e Phytoplankton* biomass and
«Ocean surface vector  elnorganic macro nutrients*  Productivity

stress* eCarbonate system*  HAB incidence

*Sea Ice* eTransient tracers* e Zooplankton diversity
*Sea level* eSuspended particulates Fish abundance and

eSST* eNitrous oxide™ distribution

*Subsurface «Carbon isotope (13C) Apex prgdatgr abundance
temperature* and distribution

eDissolved organic carbon

*Surface currents* Live coral cover

*Subsurface currents* e Seagrass cover

¢G5S * * Mangrove cover

*Subsurface salinity* * Macroalgal canopy cover

AIMS: Australia’s tropical marine research agency.
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Framework for Ocean Observing

REQUIREMENTS

Themes Societal Benefit Scientific Issue Essential Ocean Variable Observing
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GOOS Regional Alliances
and collaborating regional observing systems

PI-GOOS

AIMS: Australia’s tropical marine research agency.



Future of Global Ocean Observations &

Information Services ?

Momentum from SDG 14, G7 Science Priorities, WOA?2 .....
Increased Investment by China, India, Korea, Europeans
Committed OO community, better coordinated than ever.

BUT

Lack of user pull/real commitment to ensure OO data are
critical, fit for purpose, available for all.

Lack of a Global Strategy linking Ocean Data, Modelling
and Services.

Government investment by a number of developed states
reducing in real terms + threat of US withdrawal.

Very little integration across Private/Industry interests.
Critical capability/capacity limited across globe.

AIMS: Australia’s tropical marine research agency.




NATIONAL
MARINE

SCIENCE

—— COMMITTEE ——

National Marine Science Plan

* Focused on addressing National “Grand Challenges”
500+ Scientists & end users collaborated on Plan

« Stressed nationally coordinated approaches essential for
delivering the Plan.
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O OBS WEALTH ENERGY SECURITY SUSTAINABILITY FOOD WELLBEING CULTURE
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10-YEAR STEPS TO SUCCESS

Xo Decision-support tools
@ Marine sovereignty and security
» Q Models & forecasts
: o Industry & government partnerships
~ Food security )
lH”I‘ X Cross-disciplinary skills
: : A Research vessels
-—
Q Exploration, mapping, monitoring
National collaborations

GRAND CHALLENGES
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Fundamental ﬁ Applied Science
and Engineering focussed on challenges & end-users

In $ constrained operating environment :
Strategic thinking, planning & investment
+ Partnerships and Critical Vil

Government

MARINE SCIENCE FOR A BLUE ECONOMY

LEHGENE . BLUE ECONOMY

Planners

sailors

. . . arine GRAND CHALLENGES
* National Baselines, Observation Tourists F Customs g
) Security and Safety MARINE SCIENCE
Systems & Core Modelling frameworks o~ - 4
. . she- .en " _source rediction
to service multiple end users. ( Alocation - LT
i NeW tEChnO|0gy and |nnovat|0n Mairall‘g;ers Marine technology and innovation Defence
. . . and .
required to describe & monitor Regulators | cooel) Qbservations Food
Environments o Security Shipping
environment, boost marif us : v
: Decision Support >
& adapt to Cllmate Vglrlil;rll:ﬁ?ty Biodiversity Mining
) . and Change Conservation and
* [t’s not jUSt ab S|cal science — Regroatona Ecpsystom " Ofshor
en gl nee rl IO-eCO nom ICS Commercial Emerging/novel g
.y . Fishers blue economy
critical. sectors

* Marine science education requires a
rethink

AIMS: Australia’s tropical marine research agency.
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Cumulative pressures
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Coral cover on the GBR 1985-2016

& Great Barrier Reef [S Northern GBR LS Central GBR ﬂg Southern GBR
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401
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30

Coral cover (%)
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1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015
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Independent Expert Panel May 2017

“Members agree that in our lifetime and on our watch,
substantial areas of the Great Barrier Reef and the
surrounding ecosystems are experiencing major long-
term damage which may be irreversible unless action is
taken now”.

AIMS Executive

“It’s time for reef science/scientists to make the shift
from defining problems in more and more detail, to
developing and implementing solutions”

AIMS: Australia’s tropical marine research agency.




What to do?

* Mitigation critical - to avoid ocean temperatures
warming above 1.2-1.5C.

Global average surface temperature change

(a) (relative to 1986-2005) Mean over
| 2081-2100
6 | | | |
4= N —  +4.2°C
| 39 B
0 2- u o +2.8°C
= ] B | _ g +2.4°C
i i E @ +1.5°C
7 2 - 9 S
- -9
_2 1 I 1
2000 2050 2100
Year

IPCC 2014 Fifth Assessment Report

AIMS: Australia’s tropical marine research agency.




What else?

* Amplifying existing measures to increase the resilience of
the GBR is also important

— Improving water quality through improved land use practices
— Eradicating Crown of Thorns Starfish*

— Reducing poaching on Green Zone Reefs through enhanced
monitoring and compliance

— Ensuring coastal development does not impact the GBR lagoon.

* Current methods unlikely to be effective for anything other than localised control -
chemical, genetic, robotic improvements required.

AIMS: Australia’s tropical marine research agency.




New intervention approaches required

* Mitigation + Enhancing Resilience are critical but are likely to be
insufficient to halt further declines in the GBR and coral reefs
world wide.

* Rapidly growing realization that we need new methods
for active intervention, to increase resistance of corals to climate
change, restore/rehabilitate reefs at large scale, reduce heat
stress.

* And that these are needed within the next 15-20 years.

AIMS: Australia’s tropical marine research agency.
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The GBR Innovation Challenge

Large scale

restoration | ' ' Com munit
M technologies ~ 1 Engagement &
S —— Social License

Increasing Adaptive
iy ¥ Capacity in Corals
“— m -

" -
- - _

Breeding &

Broodstock < v
p’,‘;‘;ui:.-’j,, s New Technologies to Protect and

Restore GBR Coral Reefs

: Pollcy & Governance
Frameworks

" 4'.

i Engineering Solutions
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-

AIMS: Australia’s tropical marine research agency.
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