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Global
warming

and its
equally
evil twin

ocean
acidification

&
% Prof Roy Thompson, FRSE

(HSS conference, April 2014)

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

Predicted changes in the oceans
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Temparature Dissaived ciygen lavels Acidity Productivity

23/04/2014



Newton's second law
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Climate change

1. Common misconceptions
(a) Weather vs. climate
(b) The greenhouse effect
(c) Can’t organisms just
move or adapt?

3. Accelerating impacts

4. Fundamental dilemma \
- Overpopulation & overconsumption
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The Greenhouse Effect

Some sunlight that hits
the earth is reflected.
Some becomes heat.

CO: and other gases
in the atmosphere
trap heat, keeping

the earth warm.
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The moles have adapted to
the winter weather

2. The geological past
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"= lcelcores

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.

Antarctic ice: the world's air museum
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(Climate change - recap...)

Five key ideas Scientific discipline

1. Climate is weather averaged over 30+ yrs. * (Statistics)

2. The Greenhouse effect is simple. . (Physics)

3. Computer modelling provides a powerful tool* (Maths)
for both NWP and climate.

4. CO, strongly controls temperature and ocean pH. (Geoscience)

5. Many species just can't evolve fast enough (Genetiq§)
to cope with rapid climate change.

3. Impacts

Mountains

Plants & animals

Ice

Oceans
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Mountains as Early Indicators of Global Change

EU RTD, ENV4-CT-95-0007
w‘_.-.l'irir
L A consortium of 28 laboratories
4 .
from both EU and non-EU countries.
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Sulzata — 2535m - Rila Mountains — Bulgaria (Balkans)
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Paione Superiore — 2269m — Domodossola — Italy

Moaralmsee — 1617m - Schladminger Alps — Austria
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Lochnagar — 785m — Cairngorms — Scotland

Saanajarvi — 679m — Enontekio — Finland
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Continent-wide response of mountain
vegetation to climate change (2001-8)

u A —
”Clear shift towards-species that
prefer warmer temperature at 60

summit sites, 7 vegetation
e . -

samples)inZmountain areas

! ‘across Europe”
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Projected
rise of
treeline (m)
in European
mountains

RCP 4.5
2081-2100

Scanning electron
micrograph of
diatoms from
Lake Toskal,
Finland.

A -_‘y’clule\laschumannu . ) ! Sediment Samples

’ from remote lakes
reveal worsening
acidity throughout
the industrial
period.

Despite recent
' : declines in sulphur
l\c‘;\ < emissions (long-
AccY  Spot——— 20 ym range atmospheric
200kY 45 TOSK 25 impacts, biological
L™ &\ recovery is slow.
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Declining trend in acidification
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exceedance coverage

A success story...?

Nitric and sulphuric acids

1980 1990 1995 2000 2010

Europe 359 42 31 26 18

U.s. 24 20 16 15 14

Asia I5 34 40 53 79

Emission rates of sulphur dioxide have o _ } ; :
decreased by ‘exporting’ our ’ . Tree die-back
manufacturing to Asia. .

Exceedance of critital loads of acidity
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Bud-development in Betula sp. central Finland
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Managing Daylength in Commercial
Greenhouse and Nursery Production

High-pressure | S\
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.

B[ [ [ [T 7 7 D [T ...

10 20 30 40 50

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

Source: School of Geosciences, University of Edinburgh
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Arctic Sea Ice Volume Anomaly and Trend from PIOMAS
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Heat Content (10%J)

Sea level change (mm)

Earth is in imbalance

More energy is entering than exiting the top of the atmosphere. More than 90% of
the heat trapped by greenhouse gases is being absorbed by the ocean.
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Ocean Acidification
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Where humanity’s (02 comes from

@1% 33.4 billion metric tonnes Q% 3.3 billion metric tonnes

L

ihatn cradt | Kockdn

Fossil Fuels & Cement 2010 Land Use Change

Where humanity’s (02 goes

26% . 24%

=

Atmosphere 200 Land
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Projections:
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Effects of Ocean Acidification on Shells

FE

2050

[I3 180w 2 W L

Saturation state of aragonite (a form of calcium carbonate)
| DS

0 1

2 K] 4 5

Exposed shells and
skeletons likely to dissolve

I By 2099 only tropical waters will be able to support the growth of calcifying organisms I
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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
being dissolved
by ocean
acidification

Observable impacts — recap...

(from fossil fuel exploitation)
- Mountains: Biomes moving uphill. Lakes acidified.

- Plants and animals: Early flowering'andilonger growing

and breeding seasons — Desynchronisations.
.

-
- Ice: Reduction in Arctic sea-ice extent (also in temperate
and tropical glaciers). ke

- Sea-level: Both satellite radar altimeters and Argo buoys
reveal an accelerating global rise.

- Ocean acidification: Above all oysters, corals, brittle
stars and molluscs are reacting very sensitively to pH.
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4. Fundamental dilemma

The world is getting

most of the energy

its economies need

in ways that are
wrecking the climate and
the environment.

World Population Growth Through History
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Billions of people
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World Population Trends and Projections,
1950 - 2300

Every week 1.6
million extra
people are added
to our planet. The
medium projection
is the most
commonly used
UN projection. The
upper and lower
curves define the
range of what UN

demographers
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Every American Born Will Need...

111 million lbs,
Stone, Sand, & Gravel

T,
s,
i 593

2.9 million pounds of minerals, metals, and fuels in their lifetime
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Economics of
climate change
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" The West Lothian question
3 1
|.West Lothian was home-mﬁrst oil indusm

| est Lothian was one big bing - made up of

|

~ the carbon mankind plans to burn (10,000
Gigatons) - how high would the bing rise? b |
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Fossil Fuel CO, Emissions (GIC/y)
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Climate change: three steps to ruin

1. Our ever rising global
population, with its over
consumption, generates
atmospheric pollutants
especially CO,.

2, CO, is a powerful, long-
lived greenhouse gas. It’s
fluctuations have been
the primary driver of
geological climate
change and ocean pH.

1

3. Impacts of the two
evil twins 3 ice melt,
sea-level rise, food
supply & ecosystem
disruption, droughts
and biodiversity loss,
with a 5% fall in global
GDP forever.
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ﬁ-—- 'Renewed i nterest in geoengineering in the la
has beenisparked by the recognition that eX|st|ng m|t
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Enhanced
weathering

THE PLANET

Changes in the Atmosphere:
Compasition, Circulation

. Mmosphere
s
o N, 0, Ar,

H,0,C0,, CH, N0, O, etc.

\' =
Terrestrial
ot

PREVENTING GLOBAL
CLIMATE CATASTROPHE

Changes in the Cryesphere:

Changes nfon the Land Surface:
(Orography, Land Use, Vegetation, Ecosystems
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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
yrecipitation in waters egressing from a waste landfill in Scunthorpe steelworks (photograph courtesy of

¢). In both cases, rainwater has percolated through the material (dissolving Ca®* and Mg*") and cor
10 nrecinitatinn of carhonate

"Mine it, mill it, spread it !"

The Virgin Earth Challenge - a prize of $35m for a commercially viable
design to remove anthropogenic, atmospheric greenhouse gases.

distribution of
dunite massifs
(rocks that
consists of
> 90% olivine).

Just expose fresh rocks
to carbon dioxide. The
challenge lies in Olivine (forsterite) :  Mg;SiOa) +2C05 (g +2H,0p) =

upscaling this natural, 2ZMgC0ss) + HaSiO4(aq) (1a)
geological process.
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