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Rising CO,

An New
Trajectory
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Carbon dioxide emissions are changing the climate —
on land but also in the ocean A
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CO, is not the only emission causing warming of the planet

The Sources of Global Warming
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Black Carbon (BC) Aerosol Processes in the Climate System

Aircraft emissions =

Ice cloud effects: warming or cooling
from BC nucleation effects
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A Warming Atmosphere

Northern Hemisphere Land Temperature Anomalies, January-December

The hottest year since 600s_
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Observed change in surface temperature 1901-2012
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Percentage of global ocean heat content change

The ocean has absorbed >93% of the
heat resulting from CO, emissions
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THE OCEAN as CLIMATE MITIGATOR

The spatial pattern of heat gain since 2006 (0 to 2000 m)
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/ Warming
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 Higher Metabolic Rates Exceeding
Physiological Thresholds



Even deep waters > 4000 m are warming

Heat Uptake 1992-2005
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Talley et al. 2015 ARMS
- adapted from Rhein et al. (2013), based on Purkey & Johnson (2010)



Warming to > 1.4°C
has allowed a
Lithodid crab invasion
In the Palmer Deep,
Antarctica
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Warming-Induced Coral Bleaching

2017 Jun 20 NOAA Coral Reef Watch 90% Probability Coral Bleaching Thermal Stress for Jul—0ct 2017
Experimental, w40, CFSvZ—bosed, 28 to 112 Ensemble Mermbers
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DAILY ARCTIC TEMPERATURE
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Whilst it was cold in Europe today, a reminder that the temperature in the Arctic was
more than 20°C warmer than normal for this date. Dataviz vis @ZLabe. See how the red
line for 2018 compares with'the white line that shows average temperatures
#ClimateChange
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Warming causes:
Melting glaciers and ice sheets
Expansion of seawater

=Sea Level Rise
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Storm Surge, Flooding
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Ocean Deoxygenation
A warming ocean holds less oxygen

A warmer ocean is more stratified
Warming raises oxygen thresholds for living organisms Enabllng less ventilation
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A warmer ocean may release more methane
via dissociation of gas hydrates on margins

Methane release fuels microbial oxygen consumption
(by aerobic methanotrophs)
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Warming Causes Ocean Deoxygenation

The ocean has loss 2% of its oxygen since 1960s, but not uniformly
Much loss has occurred in the North Pacific at 150-700 m
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As a result....low oxygen areas are expanding

In the last 50 y there has been massive oxygen loss
in the tropical and subtropical ocean

At 200 m the hypoxic area (with <70 uM O,) has increased by 4.5 million km? area
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Oxygen

Station P

300

has declined in the NE Pacific Ocean over the last 60y

- Whitney et al. 2007
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10 Earth System Models project in 2100
widespread oxygen decline at intermediate depths

RCP 8.5 Oxygen concentration changes at 200-600 m (1990s-2090s) RCP 2.6

€. Deygen concentrations changes at 200-600m
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GO N E Nutrient-driven hypoxia is pervaswﬁ &
s o e in the coastal oceanas well. .- oo

C \t al Drgan\zation

Dead zones are exacerbated by climate changé.

02 <2 mgl/l
02<0,7 mg/I Coastal hypoxic sites (0,<2 mg/l)
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Oxygen is essential to most life

Ocean deoxygenation affects nearly all
biogeochemical and biological processes in the ocean

Structure Function Ecosystem
Body Size Physiology Services
Taxonomic Compositionj> Production j> Fisheries
Biodiversity Respiration C sequestration
Distributions Food Webs Recreation

C Burial Tourism

Recruitment
Foraging Behavior

AND.... thermal & CO, tolerances




Ocean Deoxygenation alters ecosystems

Major loss of biodiversity is inevitable. Big & active animals are the first to go

Rock Lobster

Habitat Compression: Into
predation
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Some Species Cope with Ocean
Deoxygenation
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CLIMATE CHANGE
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Direct ocean uptake of CO,
lowers the pH of the ocean and reduces
carbonate saturation

A sea—surface pH [—]
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Ocean acidification is intensifying rapidly and
at a rate unprecedented for millions of years

15 -10 )

time (million years before present)

Acidification is 10 times faster
than at any time during at
least the last 65 million years

Turley et al. (2006) Image_ J. Zachos



Ocean Acidification in the Upper Ocean

Coral R.eefs




Ocean Acidification is Occurring in the Deep Ocean!
Thermohaline circulation is transporting CO, downward,
causing acidification of deep waters
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Warming and increased stratification causes
a loss of food supply to the deep sea

Seafloor Particulate Organic Carbon

Flux changes projected for 2100
I

Projected Change in Primary Production
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Faunal Biomass change under RCP 8.5

Stock et al. 2017

Jones et al. 2014




limate change is occurri
gainst a backdrop of natur
variability.

ow do we know when change is du
man-made warming?



SST

Oxygen

We can map time of signal emergence
(exceeding natural variability) over the next century

Can this predict time of change in habitat suitability?

Sea Surface Temperature
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A Multi-Stressor Ocean

|

Warming

Deoxygenatio

Change in
POC fluxes

Levin & Le Bris 2015
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Upwelling systems HETEROGENEITY
Oxygen minima BEGETS BIODIVERSITY .4
e & RESOURCES (4

carbon sequestration
nutrient cycling
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Climate change will interact with growing human
disturbance to reduce resilience

B Warming - Acidification " Deoxygenation

Decreasing Increasing
POC flux POC flux

s




Climate change in the ocean is a cumulative stressor
that should be incorporated into policy and resource

management
UNFCCC - IPCC

International Seabed FAO/RFMO VMEs, Consensus on Climate Change
Auth 0] rlty = AP E I S F | S h | N g G roun d S The Intergovernmental Panel on Climate Change (IPCC)

wiites an Assessment Report (AR) that represents the
international consensus on climate change.
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To What Extent are the Ocean Roles Recognized
In International Climate Actions?

HHHHHHHHHHHHH

PARIS CLIMATE |
AGREEMENT

SIGNING CEREMONY
—— 22 APRIL 2016 ——

Nationally Determined
Contributions
(NDC)

Gallo, Victor, Levin, 2017; Nature Climate Change



Nationally Determined Contributions reflect how countries
think about climate problems and their priorities




70% of Nationally Determined Contributions
Include the ocean

In the past marine issues
were rarely raised at the
international climate
negotiations.

21%

/" Landlocked and Non-Ocean
Inclusive

(35 NDCs)

Ocean action can play an
Important role in meeting
the goals of the Paris
Agreement

9%
Coastal but Non-Ocean
Inclusive (14 NDCs)

Gallo et al. 2017
Nature Climate Change



All SIDS Countries with submitted NDCs
-- Except Micronesia -- Included the Ocean

B Ocean Inclusive

Ocean Absent

“Ocean’” =
coastal,
marine, or
oceanic



Who Recognizes the Critical Importance of the Ocean?

Annex 1 NDCs underrepresent the ocean while SIDS NDCs have a
Marine Focus twice as high as other coastal countries

Marine focus factor (MFF)
n a2 7 o

=

Australia
Belarus
Canada

EU

Iceland
Japan
Liechtenstein
Monaco

New Zealand
Norway
Russia
Switzerland
Turkey
Ukraine

USA

-
l

MFF = 1000 x (

14 coastal
countries
do not
mention the
ocean at all!

Marine Keywords in NDC) (

Marine Categories in NDC)
Total NDC Word Count

Total Marine Categories

Annex 1

Crther

SIDS

Gallo et al. Nature Climate Change 2017




Differences in Marine Focus within NDCs

. MFF
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Gallo et al. 201
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What factors influence marine focus?

38% of the Variance in MFF accounted for

POSITIVE:

* 9% of Population in Low-Lying Areas
(<5 m Above Sea Level)

« Small Island Developing State (SID

NEGATIVE:
« EEZ:Land Area ratio
* Annex | party

NO INFLUENCE:

« Coastline Length

« Value of domestic fisheries landing
- GDP

 Fisheries: GDP

 Ocean Health Index
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Some marine topics or ecosystems were
Included by many countries; others were not

Ocean@arming

Angola,BAntiguaBndBarbuda,Bahamas,Bahrain,Bangladesh,Barbados,Belize, Benin,Bruneiarussalam,Labo¥erde,Lambodia,?

Cameroon,Thina,omoros,Longo,TostaRica,Luba,DemocraticRepublicfongo,Mjibouti,Dominica,Egypt,EBalvador,Eritrea,

EquatorialfGuinea,iji,lGambia,Georgia,Grenada,Buinea, B uinea-Bissau,Buyana,Haiti,Honduras, Andia,Andonesia,Arag,Kiribati, &
Kuwait,Aebanon,Aiberia,Madagascar,Malaysia,Maldives,Marshalldslands,MMauritania,Mauritius,Morocco,Mozambique,?
Myanmar,iNauru,Nigeria,Niue, Dman,Palau,PapaulNewB uinea,Matar,BaintXKitts@ndNevis,Baint@ucia,BaintA/incentndihe
Grenadines,Bao ome@ndPrincipe,Baudifrabia,Benegal Beychelles,Bingapore,Bolomontslands,Bomalia, BouthBfrica,Budan,@
Suriname,fonga,@rinidad@ndiT obago, A unisia,uvalu,@nitedRepublic®Tanzania,A/ietnam,Hemen

Ocean®cidification

Antiguand®Barbuda,Bangladesh,Lomoros,Mominica,Eritrea,Arag,Kiribati,Marshalldslands,MMauritania,MNauru,MNiue,Palau,?
Seychelles,Monga

Ocean@eoxygenation

Mauritania

Mangroves

Angola,Bahamas,Bahrain,Bangladesh,Benin,Bruneidarussalam,Lambodia,Lameroon,Longo,Loted'lvoire,Luba,Djibouti,EIR
Salvador,iji, Babon,Grenada,Guinea,Buinea-Bissau, B uyana,HaitiHonduras, Andia, Kiribati, Aiberia,Madagascar,Marshal I
Islands,@Mauritius,Mexico,AMyanmar,BaintXitts@nddNevis,Baintducia,Baintincent@nd&hefGrenadines,Baudifrabia,Benegal 2
Seychelles,Bierraleone,Bingapore,Bomalia,Budan,Buriname,Thailand,WnitedRepublic®fTanzania,Wnited@rabEmirates,?
Vietnam,@emen

CoralReefs

Barbados,Belize, Bruneiarussalam,Luba,Djibouti,Dominica,Egypt Eritrea,Grenada,Honduras Arag,Xiribati,Madagascar,
Maldives,Mauritius,Mexico,MNauru,MNiue,Palau,PapauNewuinea,Matar,Baintd/incent@ndiherenadines,Baudifrabia,?
Solomonfslands,Bomalia,Budan,fTonga,Aemen

Blue@arbon

Angola,AntiguandBarbuda,BArmenia,Bahamas,Bahrain,Bangladesh,Bruneidarussalam,Zhina,Dominica,E|Balvador,Guinea,
Guyana,Haiti,Aceland,Kiribati,Madagascar,MMarshalldslands,Mexico,Philippines,BaudiBirabia,Benegal, Beychelles,Bolomont
Islands,Buriname,@kraine,WnitedrabEmirates,ietnam

Gallo et al. 2017
Nature Climate Change



A Role for Scientists:

Ocean Research Needs in NDCs

Sea Level Rise and Coastal Zone Monitoring (12

countries):
Yemen, Guinea, Georgia, Cuba, Nauru, Lebanon, Sudan, Maldives,
Malaysia, Tanzania

Fisheries (6 countries):

Mainst)reaming climate change into fisheries management (Gambia,
Tonga

Climate smart fisheries (Liberia, Egypt, Peru, Senegal )

Blue carbon (3 countries):
Research on mangroves and seagrasses/ coral reef protections
(Bahrain, Somalia and Singapore)

Climate Observation System (3 countries): Benin, Niue,
Nauru

Oceanography and Climate (3 countries): Seychelles,
Guinea-Bissau, Antigua and Barbuda

Biodiversity Research (2 countries): Vanuatu and Senegal

Ocean training and capacity building/ academic
collaborations (3 countries): Brunei Darussalam, Gabo




Opportunities and Solutions
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Enhance and Conserve our Multi-Protector Ecosystems:
Coral Reefs, Mangroves, Marshes & Seagrasses
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To Take Home

— Rising greenhouse gas emissions are warming
the planet.

— The ocean is the great mitigator, taking up heat
and CO..

— This uptake Is creating a warmer, less oxygenated
and more acidic ocean, with rising sea level.

— Environmental changes are altering ecosystems

— We need to think creatively about addressing
climate change through policy, management and
science
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