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Climate change

1. The basic problem.

2. Are temperatures really rising?

3. The next 100 years.

4. Is there any hope?
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Long-lived gases that do not respond 
physically or chemically to changes in 
temperature are described as "forcing" 
climate change. Gases, such as water 
vapour, which respond physically or 
chemically to changes in temperature 
are seen as "feedbacks."



Ice Cores – Measuring Earth’s 

atmosphere thousands of years ago



Antarctic ice: the world's air museum 

.

CO2 historical 

measurements
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Seasons become 9 days earlier in 61 yr

No sign of 
any CO2

slowdown 
despite Rio, 
Kyoto, Paris, 

PV, wind.

El Nino typically 0.5 ppm

Annual amplitude 
increases

Increase in 
WMGHG

already 85% 
of 2xCO2

Global 
recessions
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Where is greenhouse warmth going?

O                                              o
Boris Johnson holding an Argo float used for

ocean temperature and salinity measurement.







Since 1980, the overall trend is +0.18 °C/decade and has changed little during this period. By 
continuing this trend, we can make a rough guess for how near-future climate may develop.

Global Long-Term Trend



Lindzen

Hansen
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The world's largest cities in 2100





Glasgow will host city the UN’s next climate 

change conference in 2020, bringing together 

over 30,000 delegates from around the world.



World Energy growth
Medium population forecast sees 30 billion toe in 

2100, a doubling of today’s 15 billion toe.



How much energy does the world currently consume?

Fossil fuels totally dominate 

with a share of 85%. Wind and 
solar contribute only a tiny 2.2%.
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The 1990 report 

used energy 

balance models 

with four CO2

emission 

scenarios (A-D). 

The business-as-

usual (BAU) 

projection of a 2% 

increase in 

anthropogenic CO2

production year-

on-year has stood 

the test of time 

remarkably well.

What next?

BUSINESS
AS USUAL



IPCC 1st report published 1990.



Bill Nordhaus received the Nobel 

prize for economics in 2019

"for integrating climate change 

into long-run macroeconomic 

analysis".

Can we control CO2?

Nordhaus, 1975



Estimating 

economic 

damage 

from

climate 

change

Solomon Hsiang et al, 
2017

(A) Agricultural impact (maize, wheat, 
soybeans, and cotton). 

(B) Mortality for all ages. 

(C) Electricity demand.

(D) Labour supply for outdoor workers.

(E) Property-crime rates. 

(F) Violent-crime rates.

(G) Sea-level rise, cyclones, coastal storms.
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Thompson, 2016, Anthropocene Review



Huge waves hitting the 

west coast of Scotland, 

near Ardrossan, Jan 2014



UKCP18 finds that by the end of the century

• All areas of the UK are projected to warm significantly 

(4-6.5 oC). England will warm more than Scotland. 

• Rainfall in Scotland is expected to change quite 

significantly. Despite overall summer drying trends, an 

increase in the intensity of heavy summer rainfall 

events is to be anticipated. Winter rainfall, especially in  

the northwest is likely to be +25% higher.

• Peak river flow, e.g. in Argyll and the West Highlands is 

projected be over 50% higher.

• For Edinburgh, sea level rise by the end of the century 

is very likely to be between 0.50 m and 0.90 m. 

Projected change in 

summer air temperature 

2080-2099

Climate projections for Scotland





Acidifying oceans spells 
trouble for squid

The shells of 
Antarctic marine 
snails (Limacina 
helicina - the sea 
butterfly) are 
being dissolved 
by ocean 
acidification

Cavolinia 
inflexa’s 
calcareous 
shell is very 
sensitive to pH

Rising water 
temperatures block 

photosynthetic 
reactions leaving 

coral a 
bleached 

white.



Feely et al. Science. 305, 362–6

Ocean acidification –

a tipping point for ecosystem collapse

Rising CO2

concentrations 
are causing 

acidification of 
the ocean, as 

CO2 binds with 
water to form 
carbonic acid, 

thereby 
negatively 

impacting many 
calcifying marine 

organisms by 
impairing their 
ability to build 

protective shells 
and skeletons.
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of CO2

Today



A. C. Pigou 

(the father of 

environmental 

taxes)



British Columbia’s approach 

to carbon pricing

 All revenues returned to 

households
A high-enough carbon price shapes 

behaviour through choices, small 

and large, about what to buy, and 

how to invest. People, rather than 

Government, stimulate innovation.

 Simple and inexpensive to 

administer
Scope for corruption / lobbying 

greatly reduced.

 Gradual
Predictable for business.



Summary

• Global land-temperatures have already risen 1.6oC since pre-industrial.

• Increasing WMGHG production from human activities shows no sign of peaking.

• Cost-benefit analysis points to GHG emissions doubling by 2100. 

• Global temperatures can be expected to rise by 4-6oC over the next 100 years.

• We need to be planning for a much warmer world.

• Humankinds best hope is to put equal effort into adaptation and mitigation. 

• Carbon pricing provides a route forwards to low-carbon innovation.


