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Global
warming

and its
equally
evil twin

ocean
acidification

Prof Roy Thompson, FRSE

Positive proof of global warming.
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Scientists also look beneath the ocean surfa

Temperature Digsolved oxygen levels Acidity Productivity
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Climate change

1. How the climate system works
(Greenhouse effect)

2. The fundamental dilemma
(Overpopulation & overconsumption)

3. Global signals of a changing climate
(Many)

4. Can science fix climate change?
(No)

5. Economics of climate change

James Croll - visionary 19th-
century Scottish scientist

(1821 - 1890)

When James was three years old, the
family croft was cleared by the
landowner, Lord Willoughby, and
displaced to an area of bog-land a mile to
the west at Wolfhill.

Probable birthplace, Little Whitefield,
Tuesday 2nd of January 1821

Little Whitefield,
near Wolfhill




aphélion

4.juillet 2000

Aphélie : point le plus éloigné Perihelie
329 W/m2

Warmer
temperatures

Less snow
and ice

More sunlight
absorbed by
_Iand and sea
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périhélion
3.janvier 2000
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: point le plus proche
51 W/m2
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Croll
pioneered
the idea
of

feedback

effects in
climate
studies.
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Greenhouse pioneers

TYNDALL, 1820-1893

FOURIER, 1766-1830

ARRHENIUS, 1859-1927
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Tyndall's 1872 setup for measuring the heat absorption of gases.




Spectroscopy:

The interaction between matter and electromagnetic radiation

The COMET Program

MOLECULES: The combination
of atoms into molecules leads
to the creation of numerous
unique energetic states ,and
hence to the selective
emissivity and absorptivity
which underlie the greenhouse
effect.

The Greenhouse Effect

Solar radiation

2/ Long-wave

radiation
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// Where are
/7 we now?

China

illian Metric Tons of CO2
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2,000 /
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Copenhagen,
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—— Actual CO, emissions

are rising
even faster
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usual
oL Global | |projections.
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Climate change: three steps to ruin

1. Our ever rising global || 2- €Oz is a powerful, long- 3. Impacts of the two
population, with its over || ived greenhouse gas. It's evil twins 2 .
consum ti;n enerates || fluctuations have been ice melt, sea-level rise,
ption, g he pri ; f food supply &
atmospheric pollutants the primary driver o : .
especially CO geological climate ecosystem disruption,
p y LU,. change and ocean pH. droughts, biodiversity

loss & a 5% fall in
global GDP forever.

Annual greenhouse gas emissions by sector

Waste
Transportation _3.2%  Agriculture

14.3% 13.8%
Land use
o change
Electricity 12.2%
and heat

Industrial

24.9%
_processes
4.3%
Fugitiye
emissions
Other fuel Industry 4.0%
combustion 14.7%
8.6% ’
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(Greenhouse effect)
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3. Global signals of a changing climate
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(No)

5. Economics of climate change

Icli,:e icores

19 cm long section of GISP 2 ice core from 1855 m
showing annual layer structure illuminated from below
by a fiber optic source. Section contains 11 annual
layers with summer layers (arrowed) sandwiched
between darker winter layers.
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Antarctic ice: the world's air museum

PR Current
Temperature and CO, from Antarctic ice cores — 400
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IGY (actually 18-months from July 1957 to December 1958)

Monthly Carbon Dioxide Concentration

s per millizn
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Arctic Sea Ice Volume Anomaly and Trend from PIOMAS
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Ice Volume Anomaly relative to 1979-2013 [1000 km‘]

2012

6.70 million 5% 5 3.41 million square kilometers
(2. 59 mllncn ':quare mi \ev.w s (1.32 million square miles)

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Continent-wide response of mountain
vegetation to climate change (2001-8)

”Clear shift towards speé?es tﬁ;t
prefer warmer temperature at 60

summit-sites, 7 vegetation
samples in17: 'mountain areas
L ‘across Europe”
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Farmers' activities Leafing and flowering
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Fig.3 Histograms of phenological trends in Europe. All temporal trends (1971-2000, time series 15+ years) as linear regression
coefficients (days yr Yy systematically reported to the COST725 meta-analysis (n = 103199) for four different groups.

Managing Daylength in Commercial
Greenhouse and Nursery Production

High-pressure |
sodium lamps with
oscillating reflectors
cast moving beams [
of light to crops
below in order to
increase yield,
inhibit dormancy, or

Recent
developments in
LED technology
create new
opportunities for
lighting of
greenhouse crops.
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Desynchronisation

Source: School of Geosciences, University of Edinburgh
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Colour-coded regions are where plant life will be affected by 2080. Figures
reveal the number of days by which plants will flower earlier than expected

Royal
Botanic Garden

Edinburgh ‘
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Three billion
people rely on
wild-caught or
farmed seafood

as their primary

source of protein OceanS

0-2000 m Global Ocean Heat Content
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Sea Height Variation (mm)

Sea level change (mm)
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CO,

Sea Level (m)

G Milne

As Oceans Absorb CO,, They Become More Acidic
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Aragonite saturation as projected in 2100. Only in the blue
regions will corals and carbonate-shelled creatures
continue to grow. In red regions they will have a hard time.

In a lab experiment, a sea butterfly (pteropod) shell placed in seawater
with increased acidity slowly dissolves over 45 days.
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Acidifying oceans spells Cavolinia §

. H 7,
trouble for squid inflexa’s
calcareous

shell is very
sensitive to pH

Rising water
temperatures block
photosynthetic

reactions leaving
coral a bleached

The shells of

Antarctic marine

snails (Limacina _
helicina - the sea _# "
butterfly) are 'y
being dissolved '

by ocean

acidification

Acidification even effects organisms without shells
or skeletons:— especially pico- & nano-plankton

20



OEéEn Acidlﬁcatlon

Third Symposiurm * Mohterey * Californla * 24-27 September * 2012

Smallest plankton grow fastest
(with rising CO,) depriving larger
phytoplankton of nitrates

_g

L)nissn»scl organic material and
particulate organic material

outcompeted at high CO,
maderately stimulated
at high CO,

strongly stimulated
at high CO,
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Molluscs h
o

Temperature oC

Temperature oC

V. [Growth  +17%
~ €/ photosynthesis + 28%

The United Nations has warned
that ocean acidification could
cost the global economy
US$1 trillion per year by the
end of the century.

Land (RCP_8.5)

(a)

T
1800

T
1850

I | I T
1900 1950 2000 2050 2100

Year
|4 °C for 2xCOd
Ocean (RCP_8.5)
(b)
1 E:":IOO 1 8ISD 1200 1 9|5O 20|00 20|50 21 I00
Year

(Thompson, 2016)
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Big changes ahead!

2100 Higher Emissions Scenario [~ 900

2100 Lower Emissions Scenario® |

2008 Observed@ [~ 400
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Climate change

How the climate system works
(Greenhouse effect)

The fundamental dilemma
(Overpopulation & overconsumption)

Global signals of a changing climate
(Many)

Can science fix climate change?
(No)

Economics of climate change
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-
“.‘-mm‘ can we do abou

Climate Change?

-]

¥

"7'( Fix the problem .
B. Cope with the proble |
C Re -engineer it. -

Plan—-B
Adaptation

Geo-engineering

Enhanced
reflectivity
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ENHANCED CHEMICAL WEATHERING AS A GEOENGINEERING STRATEGY TO REDUCE
ATMOSPHERIC CARBON DIOXIDE
Jens Hartmann et al. May, 2013

(left) A “hardpan” of carbonate formed on waste slag mounds at former steelworks in Consett, United Ki
irecipitation in waters egressing from a waste landfill in Scunthorpe steelworks (photograph courtesy of

ie). In both cases, rainwater has percolated through the material (dissolving Ca** and Mg®*) and cor
10 nrecinitation of carhonate
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CO, Mineralisation Project to turn released carbon into

commercial products.

Industrial flue gas is fed into a high temperature and high pressure environment to
create a reaction between the CO, and chemical solutions and produce useful
mineral-based products.

Climate change

How the climate system works
(Greenhouse effect)

The fundamental dilemma
(Overpopulation & overconsumption)

Global signals of a changing climate
(Many)

Can science fix climate change?
(No)

Economics of climate change
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Cost-benefit analysis

You SHoulD DO AIT FTWE COST OF DOING ".EXCEEDS THe
CoST-RBENEFIT A COST- BENEFIT BENEFIT,
ANALYSIS. ANALYSIS. ..

1. Multi- 4.low- ]

national probablllt.y ( =)
problem catastrophic MJ
outcomes
Irreversibilities  Large p=0+1-g
uncertainties | [z =

7 Change in Earth's Total Heat Content

| [ cceen Hostg

|| [ o - Ao+ o sty

3. 6.
Long Externalities
time-scale
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Global trends of the major well-mixed greenhouse gases
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People living in industrialised countries and
indifferent to the fate of humankind after 2050 do not
really need to worry overmuch about climate change.

2000 2050 2100 2150 2200

-5
s -10
=
8 15
[
[= 8
& -20
E ~—— Baseline Climate, market impacts + risk of catastropl
§ -25 ~— High Climate, market impacts + risk of catastrophe
= 30 ——High Climate, market impacts + risk of catastrophe +
non-market impacts
-35
40 Impact damage form climate change, from Figure 6.5d, (SR, p. 157)
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Negative Externalities

Government can implement tax to solve this situation, but how much tax?
(Let’s say it’s fixed tax)

Cost benefit

b MSC

Tax per unit MPC

Tax Revenue

" Deadweight loss of tax

social optimum output MPB

> Output

Disentangling the Nordhaus/Stern controversy
Lord Stern:

The benefits of strong, early action
outweigh the costs. Prefers cap and
trade. Is calling for counties to raise

the ambition of their climate pledges

Carbon
Tax,
or Cap

Trade?

Nordhaus: strongly favours a
carbon tax (around $10/ton), and
has criticised the Stern Review for
its use of a low discount rate.
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A Pigovian tax isalevy
on an environmental externality
(damage) as an incentive to avert
the costs (to society).

In a true market economy a
Pigovian tax is the most efficient

and effective way to correct a
negative externality.

Wake Up!
Climate
Change
Solution

~ For Sale.

$68 Billion

dedin.com

RoyThompson

The

ECONOMICS
WELFARE

PALGRAVE CLASSICS IN ECONOMICS

A.C.PIGOU
1920
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David G. Wilson:

The unsung
inventor of the

revenue-neutral P
energytax § .

Carbon Dividend

(A smart 'revenue neutral‘ carbon tax)

= All money collected is returned to households

(None goes to the politicians) e
\

* Innovation & investment in low-carbon technologies
stimulated by Adam Smith’s invisible hand

= Simple and inexpensive to administer

= Scope for corruption greatly reduced
¢ Having flogged for
H 3 . 21 years, the dead
= Gradual, so bredlctablqtgr business horse of legally
- ) binding emission
d i 3“)‘_ o targets, the UN
= Can receive bipartisan political support | shouidciose that
chapter and try
something new.

=4
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Conference, -
will be held in a
Paris from Nov 30

to Dec 11, 2015
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