4. Future projections and feedbacks:
5. IPCC Fifth Assessment report (AR5): http://www.ipcc.ch/report/ar5/
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http://www.skepticalscience.com/ocean-acidification-global-warming.htm
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UQx DENIAL101x 5.3.3.1 Ocean acidification
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Here is a related lecture-video from Denial101x - Making Sense of Climate Science Denial
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Climate Forcing and Temperature
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Temperature (°C)

Global Deep Ocean Temperature
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50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO, amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO, imbalance due to plate tectonics ~ 10 ppm per year.
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Figure 2: Relations between CO: rise rates and mean global temperature rise rates during warming
periods, including the Paleoccene-Eccene Thermal Maximum, Oligocene, Mioccene, glacial

terminations, Dansgaard-Oeschger cycles and the post-1750 period.
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Fig. 1. Comparison of present, past, and future ocean ecosystem states.
In the geologic past (middle panel), a warmer, less oxygenated ocean sup-
ported longer food chains based in phytoplankion smaller than present-day
phytoplankton (left panel). The relatively low energy transfer between trophic
levels in the past made it hard to support diverse and abundant top pred-
ators dominated by marine mammals and seabirds, and also reduced deep-
sea organic matter burial. Equilibration of weathering with high atmospheric
pC0; allowed carbonates to accumulate in parts of the deep sea. Reef con-
struction was limited by high temperatures and coastal runoff even as high

B s 5 5 - _-11"_{: P Fhur iy

organic matter burlal l

Reduced tropical
organic matter burial

Red clay Deep sea

CaCO, dissoives

sea level created wide, shallow coastal oceans. In the future (right panel),
warming will eventually reproduce many features of the past warm world but
will also add transient impacts such as acidification and stratification of the
surface ocean. Addification will eventually be buffered by dissolving carbon-
ates in the deep ocean, which create carbonate-poor “red clay.” Stratification
and the disappearance of multiyear sea ice will gradually eliminate parts of
the polar ecosystems that have evolved in the past 34 million years and will
resirict the abundance of short—food chain food webs that support marine
vertebrates in the polar seas.

R. Norriset al.,
Science, 2013
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5 CHARACTERISTICS OF SCIENCE DENIAL

Fake Logical Impossible Cherry Conspiracy
Experts Fallacies Expectations Picking Theories

©c 0 % 3

Magnified Red Misrepresentation  Jumping fo False
Minority Herring Conclusions Dichotomy




NOAA’s Science On a Sphere (SOS)
http://sos.noaa.gov/What is SOS/index.html ; used at DMNS where I've

been co-developing a climate change playlist, soon to be released. In the
meantime see http://spaceodyssey.dmns.org/exhibitsprograms/interactives-
exhibits/so0s.aspx







10 Indicators of a
Human Fingerprint on Climate Change

Shrinking thermosphere
Cooling stratosphere

Rising tropopause
‘ Less oxygen in the air More fossil fuel carbon in the air

30 billion tonnes of CO2 per year

Nights warming faster than days
More fossil fuel carbon in coral

More heat returning to Earth




Radiative forcing by emissions and drivers
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: Mitigation o Imate change — In coming wWeeks

e Synthesis report — my other PowerPoint based on
http://www.ipcc.ch/report/ar5/syr/







CLIMATE CHANGE
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CLIMATE CHANGE
& CAUSES

Is thechimale warmingl i iimiimmiiar i aisaimais s D

g SOCIETY

2 How do scientists know that recent climate change is largely caused by human activities? .............

3 €O, is already in the atmosphere naturally, so why are emissions from
human. activity SIENRCANTY e i e e s e

4 What role has the Sun played in climate change in recent decades? .............ooorerorerrecrscrecnnrrecenens

5 What do changes in the vertical structure of atmospheric temperature—from the
surface up to the stratosphere—tell us about the causes of recent climate change? ..........c.ccccoue.s

6 Climate is always changing. Why is climate change of concern now? ...
7 s the current level of atmospheric CO_ concentration unprecedented in Earth’s history? .............
& s there a point at which adding more CO_ will not cause further warming? ... 1
7 Does the rate of warming vary from one decade to another? ..........ooecrreninninen

10 Does the recent slowdown of warming mean that climate change is no longer happening? ..........



CLIMATE CHANGE
EVIDENCE & CAUSES

11 If the world is warming, why are some winters and summers still very cold?
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12 Why is Arctic sea ice decreasing while Antarctic seaiceis not? ............

I3 How does climate change affect the strength and frequency
of floods, droughts, hurricanes, and tOrNAdOES? ........cccccvreserrenesrns s e s s res s esessee

14 How BASTIS S0a BOWRL TREIED ... oo issmsioisnisoss ommsaeosbiisms s assess bbb osdii i i i

15 What is ocean acidification and why does it matter? ... e e s sressesssenas

166 How confident are scientists that Earth will warm further over the coming century? ..........

17 Are climate changes of a few degrees a cause for concern? ...

15 What are scientists doing to address key uncertainties
in our understanding of the climate SYStemM? ...

¥

|7 Are disaster scenarios about tipping points like ‘turning off the Gulf Stream
and release of methane from the Arctic a cause for CONCEIM? ..o oot neessenes

20 If emissions of greenhouse gases were stopped, would the climate return
to the conditions of 200 ¥Ears a0









the atmosphere anyway, especially at the rates
we are putting it into the atmosphere — BECAUSE
OF OCEAN ACIDIFICATION issues and the law
of unintended consequences!



Climate change: Is your opinion
informed by science? Take our quiz!

Quiz results

Your score Average reader score

52%



