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| would like to thank Professor Happer for Rissponsdl 2 5 NJIP eaMidr SEeimentaad
Interview. | would also note that Professor Happer is in a somewhat awkward position,
respondingd 2 G662 RAFFSNBY(O LI NLGASAE & | NBadzZ G 27

That said, | have to disagree with the Professdne has not made his case, and here is why.

The crux of thigonversation is a simple question:

Will human activityt primarily, but not only, our burning of fossil fuals

LIN2 RdzOS OKIly3Sa G2 (GKS g2NI RQa Of A
society and the natural world, to a sufficiently large degree to warrant signific
responses, and possibly even changes in how our economies function?

There are also several subordinate questions that | will consider in this Reply:

1. Can adding carbon dioxide (§@nd other greenhouse gases have some climatic
influence? Yes. Professor Happer and | agree on this poinp urther
discussion is warranted.

2. Will such changes to the climate be significant in nature, as encapsulated in the
O2y OSLIJi 2F a4/ tAYFHGS {Syararagograiteésg o/ {vK 2
low, while | contend, based on the evidence, that gignificantly higher.

3. Will changes to climate have negative impacts on human society or the natural

world? | say yes, and there may be additional,4sbmate reasons why impacts
are significant.

4. Are there any positive consequences that might outweighragative impacts? |
contend that the negatives substantially outweigh the positives.

5. Do these impacts warrant a response? This depends on what response is needed,
and any impact that this in turn may have, and also on how we apply risk
assessment princips to evaluate this.

Too Much Rhetoric

adzOK 27F t NP FRRghan2ddDr] Karbly dddsok discuss these five questions. His
response contains little discussion of science, evidence, or the physical principles of the climate
system. In a guided tour, Professor Happer displays hiwledlge of history and literature. He
makes statements that might well have relevance if his views are correct. However, these
comments contribute little to demonstrating that his views actually are correct.

azald 2F (GKS t NP TSaa2 NgraThavabdehiBibekSestaeinedMdétsric &sNRA O =
one of the key tools of an orator. The difference between the use of logic and rhetoric can
perhaps best be summarized as:

Logic convinces, rhetoric sways.
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However, no amount of rhetoric prevents a Marifierminating Ice Sheet from melting when
the ocean around it is too warm. Physics ignores emotions or emotional language as Professor
Happer, a Professor of Physics, presumably understands.
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based on more emotional motivations, and thus that he should respond in kind. Queue phrases
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Not much evidence in any of this. If, however, the Professor is wrong, then most of his

Response is an emotive distraction. So, we need to consider whether the evidence supports

t NP S aa2 Nawl thisldisd8sNithahinges on that. Then, we can all read about the Council

of Clermont at our leisure.

Firstly, to what Professor Happer has said in his Response.

Ocean pH

He has elaborated further on ocean pH, again failing to understand thairtitdem is the
biogeochemistry of the oceans and carbonate undaturation, as discussed in my
previousResponseMarine life is already showing the first impacts of ocean acidification on
their shells.

Extreme Weather

Regarding more extreme weather events, rather than presenting chckeddata from small
regions or single types of evertsg KA OK A &y Q( 1OtBeNBCC Rag Fs8ebsidttie A &S
whole world:
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“there 1s medium confidence that globally the length and frequency of warm
spells. including heat waves. has increased since the middle of the 20th century
although it is /ikely that heatwave frequency has increased during this period in
large parts of Europe. Asia and Australia.”

“In summary. further analyses continue to support the AR4 and SREX
conclusions that it is /ikely that since 1951 there have been statistically
significant increases in the number of heavy precipitation events (e.g., above the
95th percentile) in more regions than there have been statistically significant
decreases, but there are strong regional and sub-regional variations in the
trends.”

“More recent assessments indicate that it is un/ikely that annual numbers of
tropical storms, hurricanes and major hurricanes counts have increased over the
past 100 years in the North Atlantic basin. Evidence, however, 1s for a virtually
certain increase in the frequency and intensity of the strongest tropical
cyclones since the 1970s in that region.” (my emphasis)

Figurel. IPCC statements on changes in extreme weather

Or we can use data from reinsurance companies, such as MuniclkRe, wa A y @ dzNBE (G KS A
They collect global data on insurable natural disaster events. They find that clielated

events are rising, while geological events such as earthquakes are steady. Importantly, their

data consist of number of events, not cadtdamages, so confounding factors such as

economic and population growth are not an issue.
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Figure2. Increase in insurable natural events from Munict?Re
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As noted in my Response, Northern Hemisphere snow and sea ice cover is declining. This is a
positive albedo feedback alreadifysorbing more sunlight. The changes to date have added the
equivalent of 25% more radiative forcing than,&@ne!=!

The Temperature Record

The Professor commented on the slight cooling in the surface temperature record between the
1940s and 1970s. However, he seems unaware that the surface record haskaovetl
spuriouswarm bias due to a marked change in measurement techniques during the war years
and, to a lesser extent, the 19608,

1.0
0.8

0.6

global average SST

Fractional contribution to

1920 1940 1960 1980 2000

—— Bucket
=== ERI/Hull contact sensors = Buoy

SST anomaly (°C) relative

1950 1960 1970 1980 1990 2000

Figure 2.15 | Temporal changes in the prevalence of different measurement methods
in the International Comprehensive Ocean-Atmosphere Data Set (ICOADS). (a) Fraction-
al contributions of observations made by different measurement methods: bucket obser-
vations (blue), engine room intake (ERI) and hull contact sensor observations (green,
moored and drifting buoys (red), and unknown (yellow). (b) Global annual average sea
surface temperature (SST) anomalies based on different kinds of data: ERI and hull
contact sensor (green), bucket (blue), buoy (red), and all (black). Averages are computed
over all 5° x 5° grid boxes where both ERIhull and bucket measurements, but not
necessarily buoy data, were available. (Adapted from Kennedy et al,, 2011a.)

Figure3. Change in measurement technology used for measuring sea surface temperature over time

lfazy KS R2SayQi YSydaAazy GKI (foraikpSllutetpphiclh (2 wmd
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measurement sites to give adequate sampling reveals he does not understand the difference
between measuring weather vs. climate. | present a detediscussion of the principles of

surface temperature measurement that he may find enlightening.
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Measuring atmospheric temperatures by satellite is difficult: orbital drifts by esatéllite;

signals that arise from multiple levels in the atmosphere with differing warming and cooling
rates; and other factors must be taken into considerafionn his Interview, the Professor
claimed, regarding the data shown in RissponsgFigure §Ed. Note: Mr. Tamblyn is confused
and overly criticahere, the Figure 5 he is referring to is in the Interview, not the Response, and
while originally labeled Figure B,s now Figures 19, 20, and,Zbme of the data used is from

the Tiros N satellite

¢KS RIGF OF YS TN\BteMiteb.h

This is totally wrong! TIRESwas launched in 197&hd only operated for 868 days. The
satellite dataset he refers to uses data from 13 different satellites over multiple decades. The
Professor needs to get his facts straight.
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Figure4. Examples of the complexity of measuring paratures via satellite. Changes in the time of observation as satellite
orbits drift[6].
Changes in the time of observation of the ascending phase of the orbit for all satellites in the
UAH archive carrying MSU or AMSU temperature monitoring instrumé&hés; do not use
NOAA17, Metop (failed AMSU7), NOAA (excessive calibration drifts), NOGAA afterJuly
2001 (excessive calibration drift), or NOBAfter Feb. 1987 (failed MSU2).

Stitching together raw data from multiple satellites is very complexsTthe satellite datasets
are much less accurate than the surface temperature datasets.
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Figure5. Temperature trends from a satellite and surface daét with errorbars?.
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with the experts on the subject. More generally, a range of measurements all show a warming
world:
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Figure6. From the IPCC 5th Assessment Report, ChaptetCC caption§AQ 2.1, Figure 2 Multiple independent indicators

of a changing global climate. Each line represantindependently derived estimate of change in the climate element. In each
panel all data sets have been normalized to a common period of record. A full detailing of which source data sets gohinto whi
panel is given in the Supplementary Material 2.SM.5.

The Professor appears to think £©the only factor influencing climate; thus, if climate does
not respond to C@levels alone, this is evidence against the role of. @Ofact, climate
responds to several factors, greenhouse gases (not justieimg important, but not the only
2ySd | Aa | NBdzY Sy faldc@of thesindtElsdLI S 2F GKS a
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A repeated mistake Professor Happer makes is referring to surface and atmospheric data as
GOGKS 9FNIK>Zé gKSY OGKSNXY2ReylYAOFfte GKAA A& |
heat contentt over 90% are in the oceans and thus are the primary measure of whether

the Earth is warming or cooling. Modest changes in the patterns of heat exchange between the
oceans and the atmosphere can cause atmospheric climate to vary significantly. This is why
atmospteric climate is so variable, and thus why we need 30+ years to distinguish it from

weather. The atmosphere is the tail wagged by the dog of the oceans.
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If we only relied upon atmospheric data, we would be more circumspect in our conclusions

since it such amall part of the system, thermodynamically. But we are also monitoring the

oceans, and they tell the tale: the Earth is clearly warming, with no p8sg. K S t NP FSa a2 NI
NEFSNBYOS (2 GKS LISNA2R I 06St SR Lisigsloflyh GGt S L
the atmospheric climate.
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Figure7. Warming of the total system. Atmospheric warming is 1/3rd of the red se€tion
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¢ KS t NB TS a ik sensifivityS(@S) i§ guitedlow seems to derive from not
understanding the water vapor feedback. As | discussed in my Response, this is a routinely
observed feedback, part of normal meteorology. And satellite measurements observe a rising
trend, a feedback.
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Figure 2.31 | () Trends in column integrated water vapour over ocean surfaces from
Special Sensor Microwave Imager (Wentz et al, 2007) for the period 1988-2010.
Trends have been calculated only for those grid boxes with greater than 70% complete
records and more than 20% data availability in first and lzst dedle of the period. Black
plus signs (+) indicate grid boxes where trends are significant (Le., a trend of zero lies
outside the 90% confidence interval). (b} Global annual average anomalies in column
integrated water vapour averaged over ocean surfaces. Anomalies are relative to the
19882007 average.

Figure8. Rising atmospheric water vapor content above the oceans. From IPCC 5th Assessment Report{Chapter 2

The Deep Past: A Climate Roller Coaster

As | discussed previoustite estimates of CS by the scientific community agree with the picture
2F OfAYIGS FTNBY (GKS 9 NIKQ&a RSSLI LI adoe ¢KS
times it has been much hotter than it is today, at time much colder. During the reigre of th
dinosaurs, there was likely no permanent ice cover. During the most extreme warm event of
the last 500 million years, the erfélermian Mass Extinction Event of 252 million years ago,
upper ocean temperatures may have reached4% °C, while temperatures ithe tropics

would have been lethal for humalis
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Figure9. Decline of ocean diversity, land plant changes and estimated upper ocean temperatures duringRleeneiach
extinction. Note ocean temperatures, on the right, during the late Smithian ghase

Seventyfive percent offamiliesof species of plants and animals on land went extinct, 96% in
the oceans? Massive erosion followed, since tige2 NIXfokeSisiwere decimatéé’ 1 so
much so that no new coal was laid down for 10 million yeaes dfie event: theseOl £ £ SR &/

LLIdGur civilization would ot survive on a world like this.
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Figurel0. The EnePermian Mass Extinction. The Tropics were déddly
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At times, the Earth has also been covered substantialfyerhaps pole to pole by ice: a
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the Cryogeniarof 720 to 635 million years ago, gets its name from this. How could the planet
have become so cold? Since the greenhoeféect warms the Earth by over 30 fCnot 9 °C,
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as the Professor wrongly calculateda weakening of the greenhouse effect offers huge scope
for cooling. With a cooler Sun in the deep past, if greenhouse gas concentrations fell
significantly, a temperate drop causing massive glaciation could easily occur.

Once largely covered with reflective ice, how would the Earth ever thaw again® CO
continuously being drawn from the atmosphere, dissolved in raindrops, and ending on the sea
floor as limestone (ths is avery simplified descriptiol). In a frigidvorld with little rainfall this

flow would shut down, while volcanoes would keep slowly adding @ith the result that
concentrations would steadily rise and rise. Eventually, a stronger greenhouse effect, possibly
coupled with extra methane and othereenhouse gases and other factors, could warm the
Earth and start melting the ice, exposing dark rock and ocean, and thus rapidly escalating the
melt, leaving a huge greenhouse effect and a much warmer world. Rainfall would resume
massively, restarting th€Q-to-limestone pump, depositing carbon as massive beds of
carbonate rocks, and lowering atmospheric.@@d temperatures agair? All in all, a wild

climate roller coaster driven by fluctuations in the greenhouse effect.

Paleogeography from

global mean surface temperature (°C)  powell et al. (2001)
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Figurell. Schematic of the sequence of a Snowball Earth éént
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This is what the geology of a Snowball Earth event actuallys Itk

‘ I' ;V‘ ‘-\' :
Contact between glaclal marine Ghaub Fm (DF debns rows, IRD, ice-rafted debris) &

Keilberg Mb (CD, post-glacial cap dolostone) on Otavi foreslope, northern Namibia.

Figurel2. Geology of a Snowball Earth. Marine sediments from ice, below, and carbonate (cap dolostonéyf.above

CKS 2SNt &SNA | NB aSRAYSYManﬁﬁmSMm@RRSR G
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massive and quite rapid dradown of atmospheric COnow deposited as carbonate. First,

there is the signature of a frozen world with tatile greenhouse gases; then, above, there is

the carbon that helped warm the world via a huge greenhouse effect. All recorded in the rocks.

Not all the science of these events is understood, but the salient point is that they occurred.

The point to this Fstory tour is simpleficlimate sensitivity is low, how do we explain such a

highly variable climate? A climate system with a significant CS and a significantly changing
greenhouse effect explains much of whatwe see; KO & 0SSy OF f f SR Iy ¢a Y|
F2N) GKS OfAYIFGSET FyR F2N) 322R NBlLa2yd® ¢KS t NR
any evidence from him, does not match the observations. His argument that negative impacts
cannot occur also fails; they have happened repeatedly.

A reent study has highlighted just how profound the burning of fossil fuels could be. If we burn
all the available fossil fuel reservest f 2 3A Ol f 2 dzi O2 YSt @éfwoilldK S t NB T S
create a situation unprecedented in the last 500 million years.


https://web.archive.org/web/20190914095010/https:/thebestschools.org/special/karoly-happer-dialogue-global-warming/tamblyn-final-reply/#note13

AF gz 0 (WM2)

Age (millions of years)

Year A.D.

1,000 1,500 2000 2500

d Wink12K

RCP8.5

RCP6

Ice core

Ice core

400 300 200 100

Age (millions of years)

¥ T § Ly ! v
1,000 100 105 1

Age (thousands of years)

........

F 5,000

2,000

1,000

+ 500

+ 200
F 100
r 20
- 15
+ 10

15

Figure 13. Comparison of past and projected future &@ncentrations (gd) and past and future combined solar and

CQ radiative forcing (eh). Note the logarithmic scales for horizontal and, @&tical axeg.

A businessisusual emissions scenario, defined by the IPCC (BR@®uld take us into a
hothouse climate last seen by the dinosaurs. Burning all the available fossil fuels (Wink12K,
above) would push us to a state perhaps exceeding theHamnthian Mass Extinction event

and, as | described previously, at a geold@yiaaxtraordinary speed.

Coral Bleaching

The first reports of major coral bleaching appeared in 1980; prior to that it was essentially
unknown. Cores drilled from 46¢earold corals have not shown bleaching events in the past

and other studies show no ehing looking back thousands of ye&fsCoral bleaches when

water temperatures are too high; they eject their zooxanthellae symbionts (a member of the
phylumDinoflagellatg. Deprived of the carbohydrates and oxygen these singlied,
photosynthetic, planktonic microorganisms produce, the coral polyps struggle argiecah
bleached reef may take a decade or more to recover from a bleaching event, if coral mortality is
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Bleaching events have been occurring around the world continuallyefa@ral years, beginning
in Guam in June, 2014,


https://web.archive.org/web/20190914095010/https:/thebestschools.org/special/karoly-happer-dialogue-global-warming/tamblyn-final-reply/#note14
https://web.archive.org/web/20190914095010/https:/thebestschools.org/special/karoly-happer-dialogue-global-warming/tamblyn-final-reply/#note15
https://web.archive.org/web/20190914095010/https:/thebestschools.org/special/karoly-happer-dialogue-global-warming/tamblyn-final-reply/#note16
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Figurel4. Photo composite of before, during, and after bleaching at Airport Reef, Tutuila, American Samoa (image courtesy of
R. Vevers, XL Catlin Seaview Survey)

Figurel5. Worldwide coral bleaching, 2022016161,

The Great Barrier Reef has experienced latge bleachingvo years in a row


https://web.archive.org/web/20190914095010/https:/thebestschools.org/special/karoly-happer-dialogue-global-warming/tamblyn-final-reply/#note16


































