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A report on AR5 with details of the 20-point
NAS/Royal Society report along with the
Headlines of the 19-point Summary for

Policy Makers (SPM)

In the “extras” slides



O U T L IN E

• IP CC History/O verview
• P hysicalS cienceS um m ary – Vol1 (1552 pp.)

– 2 approaches:
• “ Headlines” ofW orkingGroup
• 20 pointsby R oyalS oc./N at.Academ y ofS ciences

– Interspersedw ithsupportiveslides
– Interspersedw ithw herethingsget

m isrepresentations/dism issalsby m isinform ation
cam paigngroups

• Ideologicaldrivers,ridiculeandalarm ism
• Conclusionsandrecom m endations



Disclaimer

Any view sexpressed herearetheresultofm y study,
educationandresearchandnotthoseofassociated
affiliated societiesororganizations.



Intergovernm entalP anelonClim ate
change(IP CC);aka:FifthAssessm ent

R eport(AR 5)-3 volum es
http://w w w.ipcc.ch/report/ar5/:

September 2013
Physical Science

March 2014
Impacts, Adaptation

& Vulnerability

April 2014
Mitigation



W G I– T heP hysicalBasis



W G II– Im pacts,Adaptation,Vulnerability



W G III– M itigationofClim ateChange





P hysicalBasis:
Com m unicating
them ainpoints



IPCC Assessment Reports since 1990: WGI Contribution
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Summary for Policy Makers (SPM)
• 19 “HEADLINES”
• Majority: Temperature focused
• Causes, Modeling, Effects

VS.

• P ublicorientedqueries
• M orecom prehensive

sum m ary ofthescience

R oyalS ociety & U S N ationalAcadem y of
S ciences(R S /N AS )

2 SUMMARY APPROACHES



Approach
# 1

19
“ Headlines”



19 “ Headlines”
/6 slides



Approach
# 2

20
Q /As

tofollow this
slide







1: THE CLIMATE IS WARMING

• T heevidence:

– Atmosphere

– Oceans

– Cryosphere

– Sea Level

– Carbon and Other Biogeochemical Cycles



1 – Resulting in:





• Drivers; aka forcings, i.e. causes
1: THE CLIMATE IS WARMING



Disinform ationcam paign
(seenext5 slides)

• W illfocusonlast15-17yearsandclaim global
w arm ingisn’thappening– allpartofnatural
variability

• O r,ArcticS eaIcerecovering

• O rfocusonselectglaciersgrow ing

• O rAntarcticseaicegrow ing

• M ostly ignoreoceanacidification





Form oresee:http://w w w.skepticalscience.com /m elting-ice-global-
w arm ing.htm



John Cook, from IGPP 2007 data; ~93% to oceans continues (NOAA/NODC, 2012)

M elting ic e
absorbs ~2%

O nly ~2% stays
in atm osphere

~2% warm s
the land



Oceans, 0-700 m depth

Oceans, 700-2000 m depth

Atmosphere + land + ice melting

Change in heat content, 1958-2011
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2: LARGELY CAUSED BY HUMAN
ACTIVITIES



Disinform ationcam paign

• M ightarguetheeconom icsofchangeand
pollutionofgeneratingm etalsforbatteries

• … .notthattherearen’tenvironm ental
concernsfornew technology

• Form ore,see:
http://w w w.skepticalscience.com /its-not-
us.htm



3: EMISSIONS FROM HUMAN ACTIVITIES
LARGELY TO BLAME

• 40% increaseinCO 2

• Deadcarbonalteringatm osphericC14

• T hatCarbonism orenegative/enrichedinC12



*
400
ppm

http://en.w ikipedia.org/w iki/Keeling_Curve

Lest we forget: CO2 is still going up



Disinform ationcam paign
• P lim er(andothers):
• http://w w w.skepticalscience.com /volcanoes-and-global-w arm ing.htm

– Versus-<1 % (Ihavethereferences)



4: THE SUN’S ROLE IS MINIMIZING



Disinform ationcam paign

• P redictlongcoldperiodcom ing,citingR ussian
studiesthatpredictenteringanother“ L ittle
IceAge”

• P redictedlastsolarcyclew asn’tgoingto
happen– godorm ant/thatdidn’toccur!



5: SURFACE TO STRATOSPHERE CHANGES



Disinform ationcam paign

• S pencerandChristiew illfocusoncoolingof
T ropopauseandm isleadpeople

• Etc… .

• Form oresee:
http://w w w.skepticalscience.com /satellite-
m easurem ents-w arm ing-troposphere.htm



6: CLIMATE IS ALWAYS CHANGING
– SO WHAT?

• It’snotaboutw hethertheEarthw illsurvive–
itw ill!

• It’saboutsustainability w ithexpected
consequences

– R efugees

– Econom ies

– Etc.,etc.



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.



Disinform ationcam paign

• Fishanalogy:
– S om em eteorologistsw hodon’tbuy clim atechange:

inbottom offishtanklookingatthesandgrains.
– S om egeologistsw hodon’tbuy clim atechange:in

outerspacelookingatthefishtank.
– BO T H notseeingthepyranahssw irlinginthefishtank

:It’saboutsustainability!

• Form oresee:
http://w w w.skepticalscience.com /clim ate-
change-little-ice-age-m edieval-w arm -period.htm



7: HISTORICALLY UNPRECEDENTED CO2

CONCENTRATIONS



8: WILL ADDING MORE CO2 EVENTUALLY STOP
CAUSING WARMING?

NO



Disinform ationcam paign

• S ay CO 2 saturated

• W atervaporasm oreabundantandm ore
im portantgreenhousegas(GHG)– ignoring
feedbackincreasecauseby w arm ingcaused
by increasesinCO 2

• P ET M show sthat CO 2 spikesdocontinueto
influenceclim ate

S eenext3 slides



T heCO 2 greenhousegaseffectisconcentrated
inthepolarregions!!!

The large H2O
greenhouse effect
is controlled by
temperature –
H2O saturation doubles
with every
10°C Increase

As a result It is
concentrated in
the lower atmosphere
of the tropics

CO2 is evenly
distributed throughout
the atmosphere

Particularly in the
Arctic !

The Earth and its atmosphereThe most potent greenhouse gas is H2O - vapor



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.





9: DOES RATE OF WARMING CHANGE BY
DECADE TO DECADE?

YES



La Niña

b

El Niño

Major volcanic
eruption

Warm El Niño tropical Pacific releases ocean
heat to air
Cool La Niña is less cloudy, so water absorbs
more solar heat and atmosphere gets less



El Niño

-4 -2 0 42

T em perature
Anom aly °C

T heP acific–
‘norm alcondition’

La Niña



http://w w w .skepticalscience.com /graphics.php?g=47



10: DOES CURRENT WARMING SLOWDOWN
MEAN WARMING IS NO LONGER HAPPENING?

NO



Disinform ationcam paign

• Harponclim ate-gate

• Harponhockey stickcurveby M ann,
subsequently addressedby N AS – i.e.in
supportofthecurve,albeitproxy datahas
largeerrorbars



11: WHY ARE SOME WINTERS STILL VERY
COLD?



Disinform ationcam paign

• A favoriteonew hereby they pointoutthe
anom aliesofw interw eathertodeny global
w arm ing– ignoringtheGL O BAL P ICT U R E



12. ARCTIC ICE vs. ANTARCTIC SEA ICE

• Ans.M orem oistureinairaroundAntarctica(AA)to
nucleateseaice

• Despite> AA isdoesnotcom pensateforArcticloss

https://itsnotnova.files.w ordpress.com /2013/10/arcti
cvsantarctic2013.jpg



13: HOW DOES CLIMATE CHANGE AFFECT
THE STRENGTH AND FREQUENCY OF

FLOODS, DROUGHTS, HURRICANES AND
TORNADOES?



First:theDisinform ationcam paign

• Anotherfavoriteonew ithsom evalidity IN
T HAT N O T YET S T AT IS T ICAL LY R EL EVAN T :
JudithCurry,R ogerP ielke,Jr.

• S om y answ er:they donothavethegeologic
perspective(seenext3 slides)andthusIask:
should w ew aituntilitisstatistically relevant?



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.



Correlationof
CO 2 and tem perature

overlast65
m illionyears

BeerlingandR oyer,N ature2011





14: HOW FAST IS SEA LEVEL
RISING?

…let the next slide answer
that



14: HOW FAST IS SEA LEVEL
RISING?

Blue: Sea level change from tide-gauge data (Church J.A. and White N.J., Geophys. Res. Lett. 2006; 33: L01602)
Red: Univ. Colorado sea level analyses in satellite era (http://www.columbia.edu/~mhs119/SeaLevel/).



15: OCEAN ACIDIFICATION

• M akesaragonite
hardertobe
deposited

• Grow thratesslow
dow n

• Favorscalcite
secretingorganism s

• Com plexw ith
feedbacks



Disinform ationcam paign

• W illcitecoralbleachingrecovery cases,the
few thereare– andthat’strue

• N aturalcyclesofnot? T im ew illtell.

• T em peraturesrisesarealsoafactorincoral
bleachingandsubsequent tem porary cooling
ofaffectedareascanresultitrecovery



16: HOW CONFIDENT ARE CLIMATE
SCIENTISTS ABOUT FUTURE WARMING?

• Q uiteconfident– thebasisofAR 5



Disinform ationcam paign

• W illciteoverstatedclaim sthatdidn’thappen

– e.g.Him alayasglacierstom eltby 2030,aAR 4
m istake/retraction

– Variousquotesthatdon’thappeninthetim e
fram especified by thequote

– T henridiculethem

– L essontobelearned– becautiousaboutw hat
you say



Disinform ationcam paign

• W illcitecoralbleachingrecovery cases,the
few thereare– andthat’strue

• N aturalcyclesofnot? T im ew illtell.

• T em peraturesrisesarealsoafactorincoral
bleachingandsubsequent tem porary cooling
ofaffectedareascanresultitrecovery



17: SO WHAT’S A FEW DEGREES?

• L etthenextslideaddressthis



Frequency of occurrence (vertical axis) of local June-July-August temperature anomalies
(relative to 1951-1980 mean) for Northern Hemisphere land in units of local standard
deviation (horizontal axis). Temperature anomalies in the period 1951-1980 match closely the
normal distribution ("bell curve", shown in green), which is used to define cold (blue), typical
(white) and hot (red) seasons, each with probability 33.3%. The distribution of anomalies has
shifted to the right as a consequence of the global warming of the past three decades such that
cool summers now cover only half of one side of a six-sided die, white covers one side, red
covers four sides, and an extremely hot (red-brown) anomaly covers half of one side.
Source: Hansen, J., Sato, M., and Ruedy, R., Proc. Natl. Acad. Sci., 2012.

Loaded Climate Dice: global warming is increasing extreme weather events.

Extreme summer heat anomalies now cover about 10% of land area, up from 0.2%.

This is based on observations, not models.



18:W HAT AR ES CIEN T IS T S DO IN G T O
ADDR ES S KEY U N CER T AIN T IES ?

• 100s/1000scontinuingtostudy:

– T ogatherdate

– Betterunderstand

– R efinem odels

– Etc.,etc… .



19:AR ET IP P IN G P O IN T S O F
CO N CER N ?

• AR 5 m ostly dism issiveoftippingpoints
causingcatastropheasoftencarriedoutin
alarm ism statem ents

• Bew areofw hatyou say andhow you say it!



20:IFW ES T O P P ED O R CO N T IN U ED
EM IS S IO N S ,W HAT W O U L D HAP P EN ?

• It’sinthebank,w ithout
Geoengineeringoptions:

– S olarR adiation
M anagem ent(S R M )

– CarbonDioxideR em oval
(CDR )– forw hichBiochar
getslum ped intothis
lattercategory



S oistherehope?

• YES
• S R M hassom eseriousunintendedconsequences,

andifeverstoppedhugesubsequentcorrections
• CDR :BECCS and/orBiocharhavethegreatest

prom ise– costandeffectivenessw illbekey!
– M y personalfavoriteisBiochar:form oresee

http://denverclim atestudygroup.com /?page_id=28
(Denverclim atestudy grouppage– underpagedrop-
dow nandclickonBiochar)

• S eeP rom iseforthefutureregardingagricultureand
sequesteringCarbon(w ithapotentialclaim of100 ppm in
30 years)CoolP lanetandassociatedYouT ube.



Conclusions/R ecom m endations

• Don’tletideologiesblindoneselftothedataand
science

• Becarefulw hatandhow you say,orhow apersonsays
orm akesclaim s;itcom esbacktohauntone.

• R idiculeaccom plishesnothing

• S tudy anddiscuss;w eighthefactorsofchoices:
– Donothing

– M itigate

– S aveforthefuture

– O rvariouscom binationsoftheabovebasedoneconom ics
andconsequences



Three books to consider:

• Simple succinct Summary:
– What We Know About Climate Change (Boston Review

Books) by Kerry Em anuel(N ov30,2012)

• Intermediate Level Book:
– Earth: The Operators' Manual by R ichardB.Alley (Apr18,

2011)
–

http://earththeoperatorsm anual.com /

• More comprehensive book:

Experimenting on a Small Planet: A Scholarly
Entertainment by W illiam W .Hay (Dec14,2012)



Websites to consider:

• http://w w w.skepticalscience.com /

• http://w w w.realclim ate.org/

• http://w w w.clim atecentral.org/

• http://w w w.noaa.gov/,particularly
http://w w w.noaa.gov/clim ate.htm l

• … etc… ..



T HAN KYO U

• Q U ES T IO N S ?

Ethics and Ecological Economics Study Group
September 8, 2014

pebelanger@glassdesignresources.com
http://denverclimatestudygroup.com/



EX T R AS



L O N GER T IM E-FR AM ECO N T R O L S O N
CL IM AT E

• N EX T 2 S L IDES



O bliquity P recession Eccentricity

INTRODUCTION: Definitions:

•First order Forcings: EX T ER N AL Influences(3):

SOLAR input:

0.9% less
100 M y ago

Atmospheric Opacity
(gasesthatabsorbradiationinorout)

Albedo (30-85% )

•Feedbacks: IN T ER N AL dynam icsandresponses
•e.g.higherw atervaporinatm .duetoheatingofatm



Milankovitch
Cycles

(in order of greatest
Influence @65o)1o

2o

3o



T hephysicsofspectralabsorption

• N EX T S L IDE





Detailsofthepast65 M a

• N EX T S L IDE



CenozoicDeepS eaClim ateR ecord

Zachosetal.2008

hyperthermals

O peningoftheDrake
passageisolating

Antarcticaandfurther
dropinCO 2

Closingof
Isthm us

ofP anam a

41k-100k &
am plitude

change:
Increasein

Antarcticice

Azolla
sequestering

event



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.



History of oceans for last 65 m.y.

R. Norris et al., Science, 2013

We know a great deal about past CO2 , temp., etc.

Now

65
m.y.





Correlationof
CO 2 and tem perature

overlast65
m illionyears

BeerlingandR oyer,N ature2011



Climate Changes from Ocean Sediment Cores, since 5
Ma. Milankovitch Cycles

41K 100 K

3.0M a4.0M a 2.0M a 1.0M a5.0M a 0

When CO2 levels get below ~400-600 ppm Orbital parameters
become more important than CO2



400 ppm
(2014)

280ppm

180ppm



W atervaportrendsw ithtem perature

• N EX T 2 slides



0.8562 m 3

(95 cm x 95 cm x 95 cm )



Am ountofw atervapor,ifcondensed
in1 kgair(̀1 cubicm eter)

10oC =
(50oF)
7.8 cc

20oC =
(68oF)
15 cc

30oC =
(86oF)
27.7 cc

40oC =
(104oF)
49.8 cc

@ 30oC +1oC
= 8% increase

invapor



The effects of sea-level rise. Tan = - 130 m – Last Glacial Maximum (24,000 BP)
Red = +2 m – possible by 2100. Orange = +4 m (2200) Yellow = Greenland ice gone.
The white area shows the transgression if all ice (Greenland + Antarctica) were to melt.







China has the largest fossil fuel emissions today.
However, climate change is driven by cumulative emissions, so
developed nations, especially the U.S., have greatest responsibility.



1: THE CLIMATE IS WARMING

• T heevidence:

– Atmosphere

– Oceans

– Cryosphere

– Sea Level

– Carbon and Other Biogeochemical Cycles
Headline #1



1: THE CLIMATE IS WARMING

• T heevidence:

– Atmosphere

– Oceans

– Cryosphere

– S eaL evel

– CarbonandO therBiogeochem icalCycles
Headline #2



1: THE CLIMATE IS WARMING

• T heevidence:

– Atm osphere

– O ceans

Headline #3



1: THE CLIMATE IS WARMING

• T heevidence:

– Atm osphere

– O ceans

– Cryosphere
Headline #4



1: THE CLIMATE IS WARMING

• T heevidence:

– Atm osphere

– O ceans

– Cryosphere

– S eaL evel

Headline #5



1: THE CLIMATE IS WARMING

• T heevidence:

– Atm osphere

– O ceans

– Cryosphere

– S eaL evel

– CarbonandO therBiogeochem icalCycles
Headline #6



Headline #7

• Drivers; aka forcings, i.e. causes
1: THE CLIMATE IS WARMING



• Drivers; aka forcings, i.e. causes
1: THE CLIMATE IS WARMING





1 – R esultingin:





2: LARGELY CAUSED BY HUMAN ACTIVITIES

Headline #8



Modeling
Headline # 9

Headline # 10



Headline # 11

Headline # 12

2: Causes and Effects



Headline # 13

2: Effects: Temperature rise



Headline # 14

Headline # 15

Effects: Hydrologic and Ocean responses



Headline # 16

Headline # 17

Effects: Snow & Ice/Sea level responses



Headline # 18

Headline # 19

Effects: Ocean Acidification/other consequences


