Climate Chan\g-e,m One Linews

Can Open Data and Open Source
Solve Humanity’s
Greatest-Ever
Enviljonmen )
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"Next time you meet a climate-
change denier, tell them to take a
trip to Venus; | will pay the fare”.

We are in danger
of destroying
ourselves by our

' greed and
stupidity. We
cannot remain
looking
iInwards at
ourselves on a
small and
increasingly
olluted and
vercrowded

planet.

STEPHEN HAWKING

%
J.:I .
@ Donald J. Trump

The concept of global warming was created by
and for the Chinese in order to make U.S.
manufacturing non-competitive.

67,696 Jd7.829 ﬂ“fjﬂ E.ﬂﬂﬂ
Donald J. Trump has tweeted climate
change scepticism over 115 times.




AT British Oceanographic
BODC| DataCentre

N7
==/ NATURAL ENVIRONMENT RESEARCH COUNCIL

We hold a wealth of
publicly accessible marine
data.

Our data policy

We encourage the use of
our data holdings. BODC
makes data available
under a licence
agreement.

Our data delivery

BODC strives to make our
data holdings retrievable
directly from our web site.

Data display

Software is available to
download under licence.
You are required to have a
BODC web user account.

Global Mean Sea Level Change
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Understanding aerosols

The colours in works by famous artists can be used
to estimate aerosol optical depths.
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Example of volcanic sunset by J. M. W. Turner with R/G ratio
of 1.76 £ 0.03, following the eruption of Babuyan (1831).

Monet’s London series depicts the atmospheric
state at the turn of the twentieth century



WOORLD METEOROLOGICAL DAY
23 MARCH 2017
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Carbon dioxide concentration at Mauna Loa Observatory

= Full Record ending February 14, 2018
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Temperatures 1850 - 2017
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Temperature anomalies relative to 1850-1900 average and 95%0 confidence intervals
Land data from Berkeley Earth, ocean data adapted from HadSST after interpolation

Temperature anomalies for sea ice regions are calculated separately and not shown
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Argo — a global array of 4,000 free-drifting floats measuring ocean temperatures.
All data is made publicly, freely available within hours of collection.
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Four Argo floats adopted by South African schools




Open
S T Source
e f g Models

O =1 thousand lines of code

atmosphere
ModelE

horizontal grid

vertical grid (helght or pressure)

[ Physical Processes

atmosphere
ocean .
A\, RUSSELL : mIds
shared utilities =5 e
= .-__f_ﬁ::i ' hedt. e infrared
| 15 radidtion

Tancl : sed ice




Over 1.2 ( :

million 200 PB (>10717 bytes)
lines of z of output. Impossible
FORTRAN g BERKLEY to ingest every
growing ',x/’ e 6 years.
at 10°
lines per
year.
< Two dozen centres
’’’’’ \ in Europe,
"""" 2 USA, Asia,
Australia,
Canada,
Russia,
\ - | - N\ China,
Hamburg'’s electricity e Hadley M Korea

bill €2 million per year. Centre



IPCC: created 1988

Remit: to prepare a
e N comprehensive
review of the state
h- - - of knowledge of

the science of
climate change.

INTERGOVERNMENTAL PANEL ON
climate chaneée

"No best estimate for equilibrium climate sensitivity
can now be given because of a lack of agreement on
values across assessed lines of evidence and studies.”

IPCC-AR5, p14, 2014



Global surface temperature change (° C)
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Uncertainties in global temperature projections
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Various Estimates of Climate Sensitivity History

M1 Likely Climate sensitivity (the

Ukely equilibrium surface

Viery Likadty temperature increase for
\ibanis carbon dioxide doubling) has
Eruptions more than a century of

history. First estimated by
Arrhenius (1896).
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— Budyko and Sellers (1969)

improved Arrhenius’s

Current mean miisona of calculations using a mean
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One line of code - heat balance model

library(nilme)
library(stats)

gnls(y ~ HoltWinters(b0 + b1*x1 + b2*x2, alpha = plogis(b3)),
start = list(b0=1,b1=1,b2=1, b3 =1),
corr = corAR1L()

)

H vy temperature (1880 to present day)

# x1,x2 forcings (change in CO,, aerosols, volcanic dust, El Nifio)

# gnls() generalised nonlinear maximum likelihood additive model
# HoltWinters() filter

# plogis() transform (of real values to the logit scale)

# bO, bl, b2 unknowns (pre-industrial temperature, sensitivities (A'))

# alpha exponential smoothing coefficient (ocean response time ~ C/A)

# corAR1l autocorrelation structure (of order 1)



A Simple Energy Balance Model of Climate

* C Heat capacity 8 &
e T  Temperature change % =
* A Equilibrium response g A
* F(t) Change in net energy flux | &
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(Thompson, Trans. R. Soc. Ed., 2015)
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My ‘purely’ data driven estimate
of climate sensitivity (x2 CO,) is

+4°C

with 95% confidence intervals of

3.0 to 6.3°C

(Thompson, Trans. R. Soc. Ed., 2015)



: Site stats
Watts Up With That? 349,383,472 views

The world's most viewed site on global warming and climate change
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Anthony Watts From the UNIVERSITY OF EDINBURGH comes yet another ... way to “limit” eurwallets climate change

Colin ¢ 7 days ago "l have too much Editor of the Fabius

time on my hand along with a massive Maximus website ®

grant. Here's some mad ramblings to December 11, 2015 at 7:11
get the public worked over nothing.” am | have a copy of the
paper. Calling this a
“business as usual” scenario
is misrepresentation. Or
outright deceit. RCP8.5 is

High Projection

Eugene WR Gallun ¢ November 2,
2016 at 2:31 am The hotheads say that
CO, is warming the earth — and they
believe it! But the truth is that it is the scenario used for almost
space aliens projecting thoughts into rowprereien |1 all of the doomster studies
the minds of the hotheads making on e we  we  ww  mw 2w | | Published in the past

them believe in global warming. Yeu several years.

Temparature Change [degrees Colsius)




Cost-benefit analysis

You SHould DO A
CoST-BENEFI\T
ANALYSIS.

E ANALYSIS. ..

TWE COST OF DOING
A COST- BENEFIT

~EXCEEDS ThE
BENEF\T.

€




Adam Smith’s “invisible hand”
in the presence of externalities

Social Cost (private cost + external cost)

Price Supply {private cost)

<:| Equilibrium

Demand (private value)

Optimum  Market Quantity
Quantity  Quantity




Marginal Abatement Cost [£5500 per ton CO,]

CO, emission
reduction costs
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Percentage GNP cost

Costs of global
emissions reduction

Damage from
global warming
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Optimisation of the economic/energy-balance analysis

pe o == High sensitivity, Business—-as-usual
== Medium sensitivity, Business—as-usual

0, 2, 4, 5 Annual discount rate (%)

Land-temperature
increase above
preindustrial levels (c)

| | | | |
2020 2040 2060 2080 2100

Year
(Thompson, Anthropocene Review, 2016)



Public acceptance of climate change science

More than 2000 scientists and members
- of the public marched in Edinburgh to
promoteand defend scig_rice |



Belief in climate change

Climate Change is Happening and Human Caused

Climate Scientists American Public

“Nﬂ“ “YEEH

"Yes"

Only 16% of

Americans say they
are “very worried”

about global warming

"No" or -
"Don't know"



Public awareness of climate change around the world

d
% | % of aware citizenship perceiving
\ a. Aware of climate change climate change as a serious risk




As 5p charge starts in England, shoppers face tangle of res
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Concluding observations
State of play

= A growing hierarchy of well-used, open-access climate models has been created.

= Much, open, high-quality climate data is readily available at the click of a button.

=" |n contrast - econometric data, and code, is much scarcer and not as freely available.

Quo vadis ?

» The public remains highly sceptical.

» Many large corporations remain firmly behind climate disinformation campaigns.

» CO, continues to rise.

» Governments set ambitious targets - but genuine political will remains woefully insufficient.



Final thought

Ye S, while a one-line energy-

balance model forecasts calamitous
change in the absence of carbon-pricing,
Pigouvian rebating offers a
straightforward solution by promoting

behavioural change.

1-line code

v' Aerosols -ive
v Clouds +ive
v T ~+2°C

land

v x2 CO, =4°C
v Ts100 =+7.9 °C
v C pricing = $200/tonne



