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Breathing conkbributes to CO; buitdu[ﬂ?

© "Pollution; none c:wf ws are suppor&iug PM&EMS
.' * subskances inko kthe a&mesghere or the

' aterways that migk&l be pollutants, but carbon
oxide is not a pollutant. 1f Senator Wong
4 as really serious aboul her science she would
4

stop breathing because you inhale air that's got
3%§ parts per million carbon dioxide in it and
you exhale air with about ten times as much,
and that extra carbon comes from what you
eak, So that is absolute nonsense.” (Ian Plimer)

‘



Requires quantitative
aApp reciation Inmage: Staf’ep&i;c:at Scilence




Carbon Budqget of the 1990s
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Residence time:
$Bucks in the Bank$$$

5
- Steady-state:

Income=pc:y/’rimeZexpenses/’rime=ou’rf|ow

= Steady savings in account (constant $ reservoir)

~ What if you lose your job?

How long does it take to deplete the account?

= Savings/(expenses/time)=Savings/Outflow=Drain time
- Get a new job, and save EVERYTHING!

How long does it take to build up back up savings?
= Savings/(pay /time)=Savings/Income=Build time
© In steady-state, Income=Outflow, so

Drain time=build time=residence time
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Breathing conkbributes to CO; buitdu[ﬂ?

© "Pollution; none c:wf ws are suppor&iug PM&EMS
.' * subskances inko kthe a&mesghere or the

' aterways that migk&l be pollutants, but carbon
oxide is not a pollutant. 1f Senator Wong
4 as really serious aboul her science she would
4

stop breathing because you inhale air that's got
3%§ parts per million carbon dioxide in it and
you exhale air with about ten times as much,
and that extra carbon comes from what you
eak, So that is absolute nonsense.” (Ian Plimer)

‘



Diluktion ts the
Soluktion ko Pollution...

o Pollutant: Any substance present in
the environment in harmful
concenbration, which ao&versei.fj alkers
the environment,

o Qualikative Pollubant versus
Quankitative Pollubkank

Requires uantitabive
understanding



So, i a nukshell...

The Earth is capable of absorbing some
excess abmospheric carbon (land, Life,
ocealn, rocks),

it is the rate of emission that’s the
prabtem.

o Burhing fossil fuels gi.obattv means

taling millions of years worth of buried
fossils and putting them in the
atmosphere fast!



Grlobal warming isnt
Just a carbon problem,
though...

Carbon toxicity isnt the
F’-’\"Ob Lewm (ex«cep& ocean aaac&e&m&mn> 5
tk's that carbon dioxide
affects energy on Earth.

1s Emerg‘; A
Pollubant????



Quantitative: Surface Energy Budget

Category A) T change caused by Category B) T change caused
forced Q¢ by unforced Q,,
A
VM OLR
- g
Y o - 4
Q:op = RSW + OLR - ISW Space

/Category )T 3

change caused by

Atmosphere
unforced Qg
_ —Qroat@BML
Cm Mixed Layer
QBML
Deep Ocean

Slide: Brown et al., 2014



Superbugets: Global Climate Models

A collection of
thjsit:at, chemical,
biological, and
geclogical
rai.a&mmships and
budqets—often
constructed using
seks of nonlinear
Farﬁo&
differential
equations solved
mummwauj on a
model grid.

f's”;eqmres
qu&mﬁ&o&i\/e
o\ppref;io&mm! i

Vertical Gnid
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Why do we want climate models?
Understanding, Experiments, Projections.
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Source: IPCC AR4, 2007 via Kasting, Kump
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Source: IPCC AR4, 2007 via Kasting, Kumg & Crane
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How awesome are
climate models?

@ These include *everything we know™ about the

atmosphere, ocean, cryosphere, biosphere, and
lithosphere that might affect the climate!

@ Any one of these systems is enormously

complicated—way too hard to solve the equations
by hand—but using supercomputers we can
experiment with the modeled system as a whole.

"All models are wrong, but some models are
useful.” — Statistician George Box, 1978



Satellite altimetry

view of energy in AVISO: log10(0.5 (U %+v?)) on 19940101
mesoscale eddies




What it may take to get a model to have these eddies:
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We cant even forecast
the weather two weeks
ahead. How can we
project the climate a
century ahead?
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Well, Weather forecasts are qetting better and better!
(Maghusson & Kallen 2012), But...
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Source: IPCC AR4, 2007 via Kasting, Kump
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Whats the same among the As? the budgets

Category A) T change caused by Category B) T change caused
forced Q¢ by unforced Q,,
A
VM OLR
- g
Y o - 4
Q:op = RSW + OLR - ISW Space

/Category )T 3

change caused by

Atmosphere
unforced Qg
_ —Qroat@BML
Cm Mixed Layer
QBML
Deep Ocean

Slide: Brown et al., 2014



Prediction & Attribution:
Effects of Anthropogenic Forcing

Radiative forcing of climate between 1750 and 2011 confidence
Forcing agent Level
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Sources of uncertainty in projected global mean temperature

on

= Observations (3 datasets)
L Internal variability

B Model spread

B RCP scenario spread
[ Historical model spread
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Dont trust the models?
How do we observe that theres
excess energy? One important way:
Sea Level Rise

Most of the excess energy ends up
i the oceans

Waker expamds when b warms

Melting ice & snow on Land takes up
enerqgy and also adds oceann waker



Another reason to care about ocean warming—and to
observe it (by subtraction): Sea Level Rise

= Total SSH (Altimetry) ; ; ; ; ;
= Ocean Mass (GRACE)| f f E A

Thermosteric (Argo) . ............ AAAAAAAAAAAA ........... ............ : ;> . . ...
- = =GRACE + Argo ‘ ' ' ‘
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http://nesdis.noaa.gov
http://podaac.jpl.nasa.gov

OK—theres a problem

What can we do?



What can we do? Teach!

“When | do teach about climate change, | emphasize ...

... the scientific consensus ... that many scientists believe that recent increases
that recent global warming in temperature are likely due to natural causes.
Is primarily being caused
by human release of Agree or Disagree or

greenhouse gases from strongly agree : strongly disagree
fossil fuels. 5

Disagree or
strongly disagree

Teachers’ emphasis. Teachers reported emphasis on causes of global warming, among those devoting an hour or
more to the topic (see SM for details on calculation).

Pulibzer et al. Science, 2016



Survey: Do you think human activity is a
significant conbributing factor in changing
mean global temperatures?

(Doran & Zimmerman 2009)

W General Public
B Non-publishers/Non-climatologists
B Climatologists
B Active Publishers - All topics
Active Publishers - Climate Change

Climatologists who are active
publishers on climate change

®
o
S
-
:
@

Q.

=

I'm not sure

Fig 1. Response distribution to our survey question 2.The general public data come from a 2008
Gallup poll (see http://www.gallup.com/poll/1615/Environment.aspx).




Alkernative or U&simfurma&iom?

How many of you got one of
these?

@ Who is the NIPCC? Wh Sclentlsts DISﬂQI’BBm

i@t :
'1>--‘;.._'ﬁ_§'r y

hn ut Gluhal Warm | ng

& Are Ekev the same
as the IPCC?

o Didnt &kev Wi a
Nobel Prize wikth Al
rore?

Craig D. Idso - Robert M. Carter - S. Fred Slnger
Foreword by Marita Noon




IPCC vs, NIPCC?

IpCC

@ Tke SOLd S&QMerd O¥ NTIRGOVERNMENTAL PANEL :«climateQnanee
recording climate | :
akauge consensus

o Uniked Natiowns
Intergoverimental
Fanel on Climate
Change

o (UN IPCC, not NIPCC) e ®6

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE wro UNEP



Question: By Show of Hands Indicate Whether

You Have Heard that the IPCC is

S
A) Wrong

B) Independent Police Complaints Commission
of England & Wales

C) Together with Al Gore, they invented the
internet

D) The Intergovernmental Panel on Climate
Change, a nonpolitical group that reviews
peer-reviewed climate science and summarizes
it for policymakers, who won a Nobel Peace
Prize shared with Al Gore.

01-IntroClimate

Image: fotobridge.com



The Opinion Pages = op-ED CONTRIBUTOR

Sowing Climate Doubt Among Schoolteachers

By CURT STAGER APRIL 27, 2017

IPCC

NTIRGOVERNMENTAL PANEL on CHMaTe chanee

THE HEARTLAND INSTITUTE ¥
S539 MORTH WILKE ROAD

SELINGTOMN HEIGH 'I'E.I ILLINGES 80004

HEARTLAMD.ORG

WORKING GROUP | CONTRIBUTION TO T™
FTH ASSESSMENT REPORT OF THE @) ()

INTERGUOVERENMENTAL PANEL ON CLIMATE CHANGE UNEP

o R

Craig D. Idso - Robert M. Carter - S. Fred Singer e e
Foreword by Marita Noon FIETH ASSESSMENT REPORT OF THE @) ()

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE UNEP




Teach Accurate Sources!

o realclimate.com, desmoqgblog.com,
sw‘eg&t‘:ai.saienae‘aom

o Better Vet (but require quantitative appreciation!):

o Peer-Reviewed Journals: Science, Nature, Bullekin
of the American Meteorological Society, Journal
of Climate, etc,

o Scientific Societies: AMS, AGU, AAAS, National
Academies, ete,

o Govt & Public~funded Research:
US National Parkes, NCAA, NASA, EPA, ONR, WMO, UN
Interqoverimental Panel on Climate Change
(IPCC)


http://realclimate.com
http://desmogblog.com
http://skepticalscience.com




We can all hope for
a genius to save us...

But, we can all do our Fmr%
to make the job easier...



What can we do?

Greenhouse Gas Emissions by Economic Sectors

Electricity
and Heat Production
25%

AFOLU
24%

Buildings
6.4%

— Transport
Transport 49 Gt Cozeq 0.3%
14% — (2010)

Indus
21% g ‘ ?;;Ldings

AFOLU
0.87%

Direct Emissions Indirect CO, Emissions

IPCC AR5, 2013



Solve the problem with
changes in one industry?

Dieting equivalent:

Lose weight by only
eliminating desserts.



Climate
"Wedges”

Pacala &

Socolow
(2004

Diet equivalent:
Consistently make
good choices

benefits from
qu&hﬁ%aﬁve
appre&&a&om
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Obama-Era Plans fo
satisty Paris Agreement

Cleaner power plants

Obama-era policies for reducing greenhouse gas emissions

2010 2015 2020 2025

Business
as usual

/

Clean Power Plan

Paris goal

Gigatons of CO, equivalent

Source: NY Times



Obama-Era Plans fo
satisty Paris Agreement

More efficient cars

2025

Business
as usual

Fuel standards

(Personal and commercial vehicles)

Paris goal

Gigatons of CO, equivalent

Source: NY Times



Obama-Era Plans fo
satisty Paris Agreement

Fewer methane emissions

2025

Business
as usual

Methane and N,O

(Oil and gas, landfill and fertilizer use)

Paris goal

Gigatons of CO, equivalent

Source: NY Times



Obama-Era Plans fo
satisty Paris Agreement

Eco-friendlier appliances

2005 2010 2015 2025

7.0 — Business

as usual
2016 _—

2009

6 . 0 : \j
Energy efficiency RN

and HFCs

\\
o
Paris goal

Gigatons of CO, equivalent

Source: NY Times



Obama-Era Plans fo
satisty Paris Agreement

California: a climate battle brewing

2005 2010 2015 2020 2025

7.0 — Business

as usual

2009

6.0 —

o~
-
-
-
-
-
-
-
-
-
-
o~
-
-
-
-
- - \
California ~4

Paris goal

Gigatons of CO, equivalent

Source: NY Times



Or, dont quibble about the
details and address it all at once

The Opinion Pages = 0pP-ED CONTRIBUTORS

Diet equivalent:
Count calories

A Conservative Case for Climate Action

By MARTIN S. FELDSTEIN, TED HALSTEAD and N. GREGORY MANKIW FEB. 8, 2017

@ “Carbon Dividends” make polluters pay a “dividend” to
everyone else to buy the ability tfo emit carbon.

@ “On-again-off-again requlation is a poor way to protect
the environment.”

How to reduce carbon isnt a science
question, its a political one!



What can we do?  piet equivalent:
GeOEngineering ~ Weight loss pill

o If ENERGY is the problem, maybe change
the energy cycle (a.k.a. GeoEngineering):

@ Green roofing/albedo modification

» Ecosystem modification—plant trees,
alter carbon pathways...

@ Inhibit solar input (cloud brightening,
stratospheric aerosols...)

@ “First, Do No Harm”: Side Effects?



WHAT WE CAN'T DO:
NOTHING

We can ignore the problem for now...then adapt.

We are affecting the global climate.

We can choose paths to reduce the
effect, or we will adapt to the
changing climate.

Diet equivalent to adaptation:
Treat the diseases that come
with obesity



How fo handle climate change is part
science, part technology, part politics.

All require quantitative thinking.

What we can do is teach our students
quantitative skills and an appreciation
for accurate, precise information.



