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Attacks on the age of reason:
4 stories of disinformation, denial and 
cognitive dissonance*

Climate science            

 ̧      Numerical 
modelling 

(1970-2000)

 ̧fossil fuel lobby 

 ̧solar-centric   
solar system 

(1543)

Astronomy

 ̧ flat Earth

 ̧moon landings

Biology

 ̧  evolution
 (1858)

 ̧racism

Medical science

 ̧germ theory (Ignaz 
Semmelweis,1880)

 ̧  CO2 warming  
(Eunice Foote, 

1856) 

(1950)
 ̧smoking & cancer 

 ̧tobacco lobby

 ̧the church

 ̧the church

 ̧creationism

 ̧smoking c.d.*

 ̧? ̧anti-vax

 ̧HIV denial

 ̧slave trade 
lobby 
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 ̧ Cambridge Dictionary: ñ(knowledge from) the 
careful study of the structure & behaviour of the 
physical world, especially by watching, measuring, 
and doing experiments, and the development of 
theories to describe the results of these activitiesò

 ̧Wikipedia: ñ(from Latin scientia, meaning 
knowledge) is a systematic enterprise that builds 
and organizes knowledge in the form of testable 
explanations and predictions about the universe.ò

 ̧OED: ñA systematically organized body of 
knowledge on a particular subject.ò

 ̧ John Michael Ziman (1925-2005): ñconsensus, 
is the touchstone of reliable scienceò

Science
   sӓұϸns 

(noun)
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 ̧Wikipedia: ñthe collective judgment, position, and 
opinion of the community of scientists in a particular 
field of study. Consensus implies general 
agreement, though not necessarily unanimityò

Science Consensus
   sӓұϸns kϸnԋsҢnsϸs 

(compound noun)

V

The solar science community at the STEREO-3/SOHO-22 Workshop: ñThree Eyes on the Sun: Multi-

spacecraft studies of the corona and impacts on the heliosphereò Bournemouth, UK April/May 2009



How we arrive at a scientific 
consensus: peer review

¶ Peer review is Britainôs single greatest 
contribution to science  -  bar none!

¶ first introduced in 1665 by German 
immigrant, Henry (formerly Heinrich) 
Oldenburg, founding Editor of the worldôs 
oldest scientific journal: Philosophical 
Transactions of the Royal Society 

¶ formal peer-review procedures as we 
know them today, developed from his ideas 
by Sir Francis Bacon & applied to Medical 
Essays and Observations published by the 
Royal Society of Edinburgh in 1731.

¶ It is how science expunges ñfake newsò



Peer review avoids the information ñwild 
westò we now have on the internet

¶ As famously 
observed by xkcd
(Randall Munroe)

ñDuty Callsò
1stDecember 2011



Scientific Consensus at work:

Einsteinôs relativity & GPS

¶ Herbert Dingle (spectroscopist). From 1939 
Nature letter to his death in 1978, he tried to 
publish articles about why Einsteinôs special 
relativity (SR) was wrong. His 1972 book talked 
of a conspiracy by the ñphysics establishmentò. 
Still widely cited ï but only on the internet

¶ Scientific objections started to fall away 
after Eddingtonôs 1919 eclipse observations, 
consistent with general relativity (GR). 

¶ Sat-Nav: GPS (designed 1972, first launch 
1978) use corrections for both SR and GR on 
its satellite clocks. 1ns timing error ­ 30cm 
position error, Without SR and GR error grows 
at 2km and 13 km per day, respectively!  
Consensus matters.

¶ Denounced as ñJüdische Physikò by e.g.1921 
Berlin Philharmonic Hall event & by newspapers

όǎǳǇǇƻǊǘŜǊǎ ƻŦ άAyrian 
tƘȅǎƛŎǎέ ƛƴŎƭǳŘŜŘ
Philipp Lenard & 
Johannes Stark - both 
Nobel laureates who 
later joined the NAZI 
party)
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Ways of dismissing what we donôt 
want to hear, #1:   ñMRDAò

Mandy Rice-Davies

(Old Bailey,1963)

An aphorism frequently applied to 

marginalise scientists and to allow 

scientific findings to be ignored

Internet Slang: 

ñMRDAò = 

ñMandy Rice Davis Appliesò

ñWell he would [say that], wouldn't heò
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Two things that Mandy almost 
certainly never knew about scientists 

= 1. What every scientist 
lives for is to become 
famous for being right

= 2. What every scientist 
dreads is to become 
notorious for being wrong

V

Right: Albert Einstein ï Nobel prize for Brownian motion. Devised special and General relativity

Right: Linus Pauling ï Nobel prizes for Chemical bond and Peace Prize for nuclear disarmament 

studies and campaign. Founded fields of quantum chemistry and molecular biology

Wrong: Herbert Dingle ï vocal opponent of special relativity

Wrong: Linus Pauling ï in later life made unfounded claims about medical efficacy of Vitamin C
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ñThe first principle is that you must 

not fool yourself and yourself is the 

easiest person to foolò

ñreality must take precedence over 

public relations, for Nature cannot 

be fooledò

Richard P. Feynman

(1918-1988)



Knowledge
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òI know - I have a sloganó

òthereõs more to this 
than I thoughtó

òIõm never going to 
understand thisó

òit is starting 
to make 
senseó

òtrust me, itõs 
complicatedó

òWTFó

Ideal self awareness
Imposter 
syndrome

Dunning ð
Kruger 

syndrome

The Dunning-Kruger syndrome

Kruger, J., and  D. Dunning (1999) Unskilled and Unaware of It: How Difficulties in Recognizing One's 

Own Incompetence Lead to Inflated Self-Assessments, Journal of Personality and Social Psychology. 77 

(6), 1121ï1134, doi:10.1037/0022-3514.77.6.1121.
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Do we know that there is a scientific 

consensus on climate change?

¶ IPCC NOT a ñclosed clubò

¶ The IPCC report IS the global 

community of climate scientistsô 

consensus view of the science

¶ Open & transparent peer 

review: all drafts published; 850 

lead authors (from nominations 

by governments & NGOs); >6000 

VYes

contributing authors;140,000 reviews from >2000 self-nominated 

expert reviewers LA, CA and ER from >80 nations; all unpaid. 

¶ The IPCC IS inclusive ï reports cite alternative views.
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Climate change: there ISan 

overwhelming scientific consensus

¬ Survey of all papers published 1991-2011 using keywords 

ñclimate changeò and ñglobal warmingò (11944 of them)  

97% of papers offering an opinion on climate change agreed 

that human activities are causing global warming
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Is the Earth Warming?
1
9
4
3

warming by º 1.18  ̄ 

in 150 years 

1860   1880    1900    1920     1940    1960    1980    2000

Average surface temperature anomaly measured by the 

global network of weather stations (data from CRU, UEA)

12-month running mean
95%  confidence interval

take anomaly for 

every station & then 

average (limits the 

effects of changes in 

station locations)

VYes



[LaL¢[9{{ th¢9b¢L![μ[LaL¢[9{{ htthw¢¦bL¢L9{μ[LaL¢[9{{ Lat!/¢

Real Ice Ages and Warm 
Interglacials

8o

100,000 years



MilankovitchCycles

Å cycles in Earthôsorbit eccentricity

¬

average insolation

Å precession of the equinoxes

Å cycles in Earthôs axial tilt (obliquity)
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Has the global temperature ever been this 

high in the past?    Antarctic ice core data

First  Humans       

First agriculture
(~4 million)Emian Interglacial

(~10 thousand)

Now
(6 billion)

Holocene

Ice Age

Emian

Ice AgeIce Age

Anthropocene

Ice Age
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Reconstructing past 
temperatures, including

ICE SHEETSDENDOCHRONOLOGY SPELEOTHEMS

GLACIER EXTENTS

LOESS

BOREHOLES

SCLERO-

SPONGES 
INSECT 

NUMBERS

CORALS POLLEN

PLANT 

MACRO-

FOSSILS

DIATOMS

DINOFLAG-

ELLATES

HEAVY MINERALS

FORAMINIFERA

MOLLUSCS

OSTRACODAS

RECORDS

LAKE 

LEVELS 

SEDIMENTS
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Was it a ñLittle Ice Ageò

 

0.3o

~ 400 years

= Northern 
hemisphere 
temperature anomaly, 
DTNH reconstruction

= Based on data from 
boreholes, corals, 
sclerosponges, ice 
cores, insect numbers, 
instrumental data, 
pollens, lake levels, 
loess (wind-blown silt), 
glacier extents, plant 
macrofossils, diatoms, 
molluscs, foraminifera, 
dinoflagellates, 
ostracods, heavy 
minerals, grain-size, 
trace elements in 
speleothems, 
dendrochronology & 
historical records 
(recorded freeze/thaw 
dates, harvest yields & 
dates, etc.)

= Masson-Delmotte, V., and 16 other authors 

(2013) doi:10.1594/PANGAEA.828636. 

No

Beware  semantic  arguments 

based on the name òL.I.A.ó !



Solar Outputs
(% modulation over the solar cycle)

weakly modulated (~0.1%) by 

magnetic field in photosphere

Visible/IR

UV modulated (~1%) by magnetic fields threading the 

lowest solar atmosphere (chromosphere)

EUV strongly modulated (~50%) by magnetic fields in the 

solar atmosphere (corona)

X-Rays fully dependent on (modulated ~90%) by magnetic fields 

in the solar atmosphere (corona)

Solar wind ~65% modulated over the solar magnetic cycle

Cosmic Rays ~20% - 40% modulated (at 10 - 1GeV) by solar 

magnetic field irregularities in heliosphere

SEPs ~100% modulated by transient magnetic fields in solar 

flares & ahead of interplanetary coronal mass ejections



Earthôs atmosphere
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Electromagnetic solar inputs
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¶Close to a 

5770K blackbody 

radiator

¶Emitted flux                

F = esTsun
4

¶eº1 and 

surface 

temperature of 

Sun, TS = 5770K

The Sunôs e-m radiation spectrum



Implications of 

high CZ mass

0

log ( T / TC ) TC = T(r = 0)

-4

CZ

RZ

core

CZ contains ~3³1028kg (M
¼

/60) 

 

thermal timescale of the CZ as 

a whole = timescale for its 

warming or cooling, t º105 yr 

Switch off source at base of CZ 

and in t = 100 yr, Tsun changes 

by 1- exp(t/t) = 0.001 

F = esTsun
4      so that

F¡/F = (Tsun¡/Tsun)
4  

        = 0.9994 = 0.996 

i.e. F changes by just 0.4% 

3Mm

(0.004R
¼

)

 

 

R
¼
 



Corpuscular solar inputs
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Solar Output 

Signals in Troposphere

at most, very small ñbottom upò 

signals reported in troposphere

Visible/IR

UV clear heating effects in statosphere (ozone layer) ï may 

have subtle ñtop downò effects on troposphere 

EUV dominates thermosphere, no evidence nor credible 

mechanism for coupling to the troposphere 

X-Rays major effects in thermosphere, no evidence or credible 

mechanism for for coupling to the troposphere

Solar wind same as for EUV and X-rays

Cosmic Rays proposed modulation of cloud cover: effect on surface 

temperatures depends critically on cloud height 

SEPs destroy ozone so may have similar effects to UV



Total solar irradiance changes and 

magnetic field emergence

¶ Dark sunspots and bright 

faculae are where magnetic 

field threads the solar surface



¶ Enhanced field B

blocks upward heat flux F

¶ Gives temperatures:

Sunspot Darkening

B

Heat Flux  F

Quiet  Bright              Spot                 Bright  Quiet

        Sun    Ring      P           U           P       Ring    Sun   

Quiet Sun TQS º 6050K 

Bright ring TBR º 6065K

Penumbra TP   º 5680K 

Umbra TU   º 4240K  

Photosphere

Convection Zone



¶ Enhanced field raises magnetic pressure and depresses

thermal pressure NkBT  

Facular Brightening
The Bright Wall Model

¶ N falls & the tO = 2/3 

contour is depressed by 

Dz º50 km

¶ flux tube small enough 

for radiation from walls 

to maintain internal 

temperature T

¶ bright walls most visible 

at small mfor which Tf º 

6200 K 

Dz

BB

F

<   ~250 km 



Sunspot Darkening & 

Facular Brightening



Photospheric magnetic 

field   magnetogram data



3-component TSI model
using magnetogram data

¶ Use model contrasts of umbrae, penumbrae and faculae CU,  CP,  and  

CF (>0 for brightenings) as a function of position on disc m and 

wavelength l (w.r.t quiet Sun, so CQS(m,l) = 0)

¶ Contrasts  independent of time t ï the time dependence is all due to 

that in the filling factors a which are functions of m and t, but not l.

¶   Every pixel in the magnetogram for time t that falls on the visible disc is 

then classified as either umbra, penumbra, facula or quiet Sun to derive 

aU, aP, aF. Limb darkening function is LD(m,l) and the quiet-Sun intensity 

(free of all magnetic features) of the disc centre is IO 

ITS(l,t = (pRs
2 / R1

2) IO ñ    LD(m,l) [  aP(m,t){CP(m,l)+1} +

aU(m,t){CU(m,l)+1}  +  aF(m,t){CF(m,l)+1}  +  {1-aP(m,t)-aU(m,t)-aP(m,t)}   ]mdm 

1

0

penumbrae

umbrae faculae quiet Sun



4-component model

(Solanki et al., 2003)

¶ Total Solar 

Irradiance 

reconstructions 

using 4 

component 

model 

(ñSATIREò) with 

magnetograms 

for 1996-2002 

from the MDI 

satellite, 

compared with 

SoHO TSI data



Models of long-term
TSI variation

(Lockwood and Ball, 2020) 
¶ SATIRE-T and NRLTSIv2 use sunspot 
number and 4 component model ï have 
very little drift in TSI of quiet Sun Q

¶ EEA18 & SEA11 have v. large drift in Q 
based on cosmogenic isotope data 

¶ L&B20 looked at 
how EEA18 and 
SEA|11 derived Q 
and showed drift in 
Q depends on 
assumed stability 
of  TSI data

¶ Within that 
uncertainty drift in 
Q may even be in 
opposite sense to 
that found by 
EEA18 and SEA11



Is solar activity the cause?

solar cycle #24 very similar to #14 

¶HadCRUT4 global 

mean air surface 

temperature anomaly

(Moriceet al.,2012)

¶Open Solar Flux

(Lockwood et al.,2012)

¶Galactic Cosmic 

Ray Counts (at Oulu 

station)

(Usoskinet al., 2002)

¶Sunspot number

(Cletteet al., 2018)

14 24 

Globally: No



Is the Greenhouse Effect real? VYes

Ʒ  Earth heats up to give radiative equilibrium
           PIN = ITS(1-A)/4 = POUT

Ʒ  If no greenhouse effect, by Stefan-Boltzmann law,  POUT = sTs
4

Ʒ  so mean surface temperature would be  Ts
 = {ITS(1-A)/(4 s}1/4                      

Ʒ  gives Ts
 = -21 C̄        (Fourier, 1822)                    

Ʒ  coldest permanently inhabited place
    on Earth is Oymyakon (ʆʡʤʷʢʦӢʥ) in 
east Siberia, where the annual mean 
temperature is Ts

 = -16̄C 
                      

Ʒ area Earth presents to Sun is pRE
2

   power input per unit surface area of Earth 

              PIN = ITSpRE
2(1-A)/(4pRE

2)

   RE = a mean Earth radius 

   A =  Earthôs albedo º 1/3             



Does CO2 contribute to the 

Greenhouse effect

Spectrum of outgoing longwave (infra red)

OLR (IR) observations of 

Earth  from Mars Global  

Surveyor (in black)       ­

The model is the 

appropriate mix of Earth 

ñsceneò types (in red)   ­

¬  24 hours leaving Earth: 

looking back from Mars 

Global  Surveyor

(Note that low cloud emits more than high cloud because it 

is warmer)   

I L
W

 (
W

 m
-2

 s
r-

1
 µ

m
-1

) 
­

wavelength, l (Õm) ­

blackbody

low emission at lôs absorbed by greenhouse gasses 

VYes
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Have atmospheric CO2 levels risen?

= Ice cores show 

the pre-industrial 
level was 270 ppm

270

VYes



BIOMASS

TROPOSPHERE 
12C is 

taken up 

2% more 

than 13C

by plants 

and trees*

13C and the carbon cycle 

OCEANS

OIL & COAL 

DEPOSITS

FOSSIL FUEL 

EXTRACTION & 

BURNING

[13CO2] / [12CO2] 

decreases with 

anthropogenic 

rise in [CO2]

reduced

[13CO2 ] / 

[12CO2 ]

reduced [13C ] / [12C ]

* (ñisotopic fractionisationò)

Is the CO2 rise man-made?



The ñ2nd Suess Effectò: dilution of 13CO2 by burning of 

fossil fuels

& biomass

Ʒ  green line 

shows d13C, 

related to the 

fraction of 13C in 

CO2 which has 

declined 

exponentially as 

estimated fossil 

fuel use (FF) 

and atmospheric 

CO2 has risen 

Is the CO2 rise man-made?

VYes



Does more CO2 add to the 
Greenhouse effect?

two mutually exclusive arguments have been used: 

¶A. CO2 does not absorb infrared (longwave) radiation

¶B. CO2 is so good at absorbing infrared (longwave) radiation

that adding more does not cause any further absorption

(the absorption lines are argued to be ñsaturatedò)

Reflected SW                    Outgoing LW

GERB (Geostationary Earth Radiation Budget) satellite observations 9 UT 31 Dec. 2016

¶we have known Ais 
wrong since John Tyndallôs 
measurements published  in 
1860

¶B. demonstrates a failure 
in understanding how the 
greenhouse effect actually 
works (as first described by 
Svante Arrhenius in 1896)



(a) Bending mode                      

 (c) asymmetric stretch                      

  (b) symmetric stretch                      

 Carbon

               

Oxygen                      

CO2



               Carbon               Oxygen                                          SW Photon 

                          a CO2 molecule
(a simple, linear, triatomic molecule)



               a CO2 molecule

               Carbon               Oxygen                                          LW Photon



(a) Bending mode                      

 (c) asymmetric stretch                      

  (b) symmetric stretch                      
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(a) Bending mode                      

 (c) asymmetric stretch                      

  (b) symmetric stretch                      

 Carbon

               

Oxygen                      

CO2



               a CO2 molecule

               Carbon               Oxygen                                          LW Photon



               a CO2 molecule               a CO2 gas
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               a CO2 gas

               Carbon               Oxygen                                          LW Photon


