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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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Nitrous oxide (N 0)

Water vapor (H,0)

Carbon
dioxide (CO,)

Methane (CH4)

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."

The greenhouse effect

Infrared
radiation (IR)
ix glven off by

the Earth..

|

passes throgh A ey
the atmosphers :

and warms tha

earth,
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outer space, allowling the
Earth to ceal.

a w0 BUT 3ome infrared
radiation is trapped by gases in
the alr {including CO.),
keepkng the earth warm
enaugh 1& sustin life.




Ice Cores - Measuring Earth’s

atmosphere thousands of years ago |




Antarctic ice: the world's air museum
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Temperature anomaly (°C)

CO, historical
measurements
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Mauna Loa Observatory, Hawaii
Monthly Average Carbon Dioxide Concentration

Data from Scripps -l‘_:l:ji_ Program  Last updated June 2018

L] I L] L] L] L] I ¥ L] L] L] t L] L] L] L] I L] L] L L) I ¥ L] "

1960

1965

CHARLES DAVID KEELING
Climate Science Pioneer

1970 1975 1980 1985 1990
Year

LA DL R

1995

L3 I L] L} L} LY I 1] L | n

co,

2000 2005

2010

2015

2020



CO2 concentration (ppm)

CO2 (ppm)
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Mauna Loa: Monthly observations
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Increase in
WMGHG

, , | already 85% |V
1960 1980 of 2xCO, |

Annual (1y + 6m) cycles
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| Seasons become 9 days earlier in 61 ytj
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Annual amplitude
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Trend

Global |~
recessions

No sign of
any CO,
slowdown
despite Rio,

1960 1980 2000

Kyoto, Paris,
PV, wind.

El Nino

El Nino typically 0.5 ppm |
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Climate change

2. Are temperatures really rising?
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EDINBURGH SUMMER AND WINTER EXTREME MONTHS
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Royal Meteorological Society 20 s i
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wileyonlinelibrary.com/journal/joc 1S5N-0800.8418 Figure 2. Mean monthly air temperature (°C) at Edinburgh for extreme months of the summer and winter seasons. Note the 20

between AD 1902 and AD 1922 that had cool summer extremes (14.1 on average) coupled with generally warm winters (16 to 4-2). In
contrast, observe the block of 17 years from Ap 1798 to Ap 1815 that had consistently cool extreme winter months (=31 to 2-4)
combined with relatively warm extreme summer months (140 to 17-1)




Where Is greenhouse warmth going?

93.4% of Global Warmth
isin the oceans %

NOT

the atmosphere
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Boris Johnson holding an Argo float used for
ocean temperature and salinity measurement.
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Change In Total Heat Confent since 1961 (107 Joules)

Change in Earth’s Total Heat Content

- Ocean Heating

- Land + Atmosphere + Ice Heating
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Surface Temperature Change (°C)
Last 50 Years (1968-2018) 0.92




Global Long-Term Trend

e Annual Average 2
Ten-Year Moving Average ‘
- === Continuation of Trend Since 1980
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Global temperature anomalies relative to 1850-1900 average
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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 Temperature Anomaly (° C)
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Hansen vs Lindzen

Hansen ,
d

WA .
- IH\J,I-/w ./ Lindzen

'[}-5 I T 1 | ] i i I T T i ]

1958 1968 1978 1988 1998 2008 2018
Year

Observed K
Temperature ' )/

Global Temperature Anomaly (°C)
|
on




St T

Climate change

3. The next 100 years.



#1: LAGOS - 88M
#2: KINSHASA - 83M
#3: DAR ES SALAAM - 73M

The world's largest cities in 2100
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IpCC

INTERGOVERNMENTAL PANEL ON ClimaTe chaneée

Global Warming of 1.5°C
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Glasgow will host city the UN’s next climate
change conference in 2( inai _—




World Energy growth

Medium population forecast sees 30 billion toe in o
2100, a doubling of today’s 15 billion toe.
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How much energy does the world currently consume?
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The 1990 report
used energy
balance models
with four CO,
emission
scenarios (A-D).

What next?

BUSINESS
AS USUAL 1120

CLIMATE CHANGE

The business-as-
usual (BAU)
projection of a 2%
increase in
anthropogenic CO,
production year-
on-year has stood
280 the test of time

1900 1950 2000 2050 2100 remarkably well.
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IPCC 15t report published 1990.
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Annual CO2 emissions (GtC yr-1)
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Can we control CO,?
Nordhaus, 1975

Bill Nordhaus received the Nobel
prize for economics in 2019

“for integrating climate change
into long-run macroeconomic
analysis".

Cost-benefit analysis: the standard

Benefits/costs in $/ton GHG

approach
Avoided incremental Incremental
damage costs abatement costs
\ /
A

[east-cost
Optimum

% - o . . L1
0% Reductions of global warming impacts 1007




Estimating
economic
damage
from
climate
change

Solomon Hsiang et al,
2017
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(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.




Fig. 4: Marginal Abatement Cost Curve for the UK Energy Sector in 2030 (low fossil fuel production costs)
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Land Temperature (°C)

3
MB and MAC of Carbon Abatement? 6\7\' '
$ Marginal Benefit Marginal Abatement Cost 0 4
2,
0
Abatement
| | | | |
2020 2040 2060 2080 2100
Year Thompson, 2016, Anthropocene Review







Climate projections for Scotland Projected change in

summer air temperature
2080-2099

UKCP18 finds that by the end of the century

» All areas of the UK are projected to warm significantly
(4-6.5 °C). 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.

0 1 2
Change in air temperature, °C



Climate Change Effect on per Capita GDP in 2100 by Country

Percent change in
per capita GDP in 2100

[ Lessthan-50 percent
[0 -49to0percent

B Greaterthan 1 percent
EH NA

Source: Burke, Hsiang, and Miguel (2015); authors’ calculations. — THE




Cavolinia

inflexa’s -
Acidifying oceans spells calcareous 2
trouble for squid shell is very

sensitive to pH

Rising water
temperatures block
photosynthetic
reactions leaving
coral a
bleached
white.

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




Ocean acidification —

a tipping point for ecosystem collapse

Rising CO,
concentrations
are causing
acidification of
the ocean, as
CO, 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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Climate change

4. Is there any hope?



Global carbon emissions in 2018 are set to hit an all-time high of
37.1bn tonnes of CO,

Bus BEU28 P China B India All others TOd ay ‘

30bn tonnes

1960 1970 1980 1990 2000 2010 2018




As 5p charge starts in England, shoppers face tangle of red tape
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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.
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Summary

* Global land-temperatures have already risen 1.6°C 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 4-6°C 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.
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