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Physical and Chemical Changes in
Atmosphere and Oceans due to Climate Change

human activities
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increased greenhouse gas , change in UV radiation
concentration
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altered storm altered atmospheric
regimes/rainfall circulation (winds)

rise in sea-level

Poloczanska et al 2007




Ocean temperature changes around
the world (°C/century)
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Observed ocean temperature changes
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Schematic of ocean circulation




Satellite derived SST during

an upwelling event of 2 March 1995
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Best estimate
SST change (°C)

Ocean temperatures
around Australia have
warmed 0.7<C through 20 th
Century, with southeast and
western waters warming
fastest

In general, Australian sea
surface temperatures could
be up to 1C warmer by
2030, and 2.0-2.5C
warmer by 2070 with the
greatest warming in
southeast waters

CSIRO/BoM 2007
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Sea level

e Global sea levels have
risen by 20 cm over
1870-2004

o Sea levels will continue
to rise 5-15 cm by 2030
and 18-82 cm by 2100

 Vermeer and Rahmstorf
(2009) recently revised
AR4 estimated
projections of SLR to be
75-190 cm by 2100!

Bindoff et al. (2007)



Sea surface height trends (mm/yr)

Church et al. (2009)
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El Nino and Australian rainfall

During El Nino episodes, the Walker circulation weakens, seas around Australia
cool, and slackened trade winds feed less moisture into the Australian/Asian region.
This leads to a high probability that eastern and northern Australia will be drier than

normal.

Distribution of June-
November
Australian rainfall
deciles for
average EIl Nifo.

Clearly, rainfall
decreases over
eastern Australia
during El Nifio.

Source: http://www.bom.gov.au



La Nina and Australian rainfall

During La Nina events there is generally stronger Pacific trade winds and warmer sea
temperatures to the north of Australia. Together these give a high probability that
eastern and northern Australia will be wetter than normal. Australia's strongest recent
examples were in 1973-74 (Brisbane's worst previous flooding in 1900s in January
1974 + now 2010/11!) and 1988-89 (vast areas of inland Australia had record rainfall in
March 1989).

Distribution of June-
November
Australian rainfall
deciles for average
La Nina.

La Nifia corresponds to
increases in rainfall
over much of
Australia.

Source: http://www.bom.gov.au



El Nino/La Nina
composites

West Australian waters

East Australian waters

Holbrook et al. (2009)
[El Niflo — Southern Oscillation
Marine Report Card 2009]









IPCC AR4 Report (2007)



2030 projections (relative to 1990)

2070 projections (relative to 1990)
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Provided by the BoM
http://www.climatechangeinaustralia.gov.au/gldsea5.php
http://www.climatechangeinaustralia.gov.au/qldseal5.php



Coral Reefs

Healthy Acropora

Healthy reef

Bleached Acropora

Images from Justin Marshall Degraded reef

Images from Nick Graham



Ocean acidification

e Carbon dioxide dissolving in the oceans has
lowered pH by 0.1 units since 1750,
representing a 30% increase in hydrogen ion
(acid) concentration

e Ocean pH will decrease by a further 0.2-0.3
units by 2100



Coral reefs

[Anthony and Marshall 2009]



Marine Adaptation Report Card 2009

http://www.oceanclimatechange.org.au/content/index. php



Some predicted impacts of climate change on
populations and communities of Australian

tropical coastal fishes

for 2100

Impact Physical driver/s Certainty
Reduced Loss of coral cover from | High
abundances/changes to | coral bleaching,
community composition |increased storm damage,
of reef fishes reduced calcification

rates of corals
Geographic range shifts | Increased temperature High
Life history modification |Increased temperature Moderate
Shift of breeding season | Increased temperature Moderate
Reproductive decline Increased temperature Moderate

Munday et al. (2009)




Predicted effects of CC stressors on temperate fishes

Fish E.g., Increase | Ocean | More Reduced | Sea Increased | More

types by | species | SST current | variable |freshwat | level | acidity extreme

habitat/ S ENSO er rise weather

origin/

behavior

Tropical Damselfi | Overwinte | Larval ? None None | Connectivi | Reduced

reef shes, r survival | connect ty recruitm

species butterflyf ivity (olfactory | ent
ishes cues)

Temperat | Morwon | Range Larval Effects None None Populati

e reef g, edge connect | on egg on

species kelpfish | shifts ivity producti crashes

south on

Migratory | Australia | Reduced | Minimal | Effects Effecton | ? May affect | Disorient
n migration | effect on egg estuary olfactory ation
salmon, | range producti | dwellers ability to
luderick on migrate

Estuarine | Bream, | Spawning | Minimal | ? Distributi | Major | Fish Depends
blue phenolog | effect on if adapted on
groper y change upstream | habita | due to estuary

ts normal pH | type
Booth dt al. (20Q9) inund | changes

ated




Some key knowledge gaps

« Australia lacks baseline information on many fished
stocks to assess climate change impacts. Data are
limited on any recent population shifts of commercial
species, although existing datasets on State fisheries

archives could be usefully interrogated (e.g., Gilson et al.
2008)

 Little is known of responses of key species to increased
temperatures — especially vulnerable larval stages

Booth et al. (2009)



Species and biology focused
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How can we reduce vulnerability?






Responding to climate change: Focused strategy
meetings scoping marine stakeholder priorities




New South Wales Priorities [Marine Stakeholder meeting 16 November 2010]
Technological Business strategies and concerns
Socio-technical Biophysical research

Policy response

Priority Rationale

For eg impacts of land-based non-climate stressors having impacts on marine
environment — need to communicate/engage with land based management and marine
users. Not enough communication happening or maybe not the right message. Need to
show the connections and flow on effects of actions. Acceptance of communication
methods. Should champion messages, not from government. Involve community —
provide stewardship to community. Champions could be way to do this. Don’t oversimplify
the information. Inherent uncertainties to CC that sceptics play on. Look at
communication strategy with media groups — present with facts. Community need to
~ | understand how changes will affect them — relevance. Message to industry — to prepare
Communicati | for impact. Education of children important as they will take on issues — what is the
on / current curriculum? Political cycles act as barrier to long term planning. Aquaculture can

. see the effects (also longer lease tenure, so more long-term responsibility), whereas
education ; S 4 "

others sometimes cannot see the direct impact on their lives. Don't just talk about

negative impacts, but also about opportunities of CC. Scientists education on how to use
community engagement to aid data collection (reef watch, cap reef, redmap etc) — Citizen
science. Build community resilience through communication of opportunities and risks.
Interdepartmental govt at all levels - communication needs to be improved — integrated
management. Message tailored to audience. Education/communication from the bottom
up. Ensure look at risks and contribute themselves. Stakeholder engagement improved —
participatory.




Commercial Fishing

[priorities identified by Industry/Peak body

representatives]
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First National Marine Resilience in the marine social-

Climate Change Adaptation ~ €cological system
Summer School Current condition and projected future

change to the marine system

practical skills in vulnerability assessment




www.nccarf.edu.au/marine/




Interests: Large Scale Ocean & Climate Change

Physical Interests: Ocean Climate Change

Biological Interests: Phytoplankton

System Interests: Tropical

Regional waters: Pacific Ocean

Adaptation Interest 1: Risks and Uncertainties

Adaptation Interest 2: Natural and Managed
Ecosystems and Resources




Some Publicatior



Network membership demographic statistics




What are the implications for
fisheries management?

« Climate change is expected to affect
— Species range (extension)
— recruitment
— breeding
— phenology

e Climate change uncertainties challenge
management approaches to be

— flexible
— adaptive



What are the
key messages for industry?

« Communication is key

e Opportunities to get involved

— by contributing to improved measurement
coverage

— through citizen science
notifications, e.g., via Redmap



Thank you!

Contact details
Neil Holbrook

neil.holbrook@utas.edu.au
03-6226-2027

Please visit www.nccarf.edu.au/marine/ or email arnmbr@arnmbr.org




