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Scholarly	works	addressing	topic:



Tobacco	industry	following	Surgeon	
General	Luther	Terry’s	report	(1963)



How	disinformation	is	produced

• Techniques	developed	by	tobacco	industry
– Issue	or	claims	are	controversial
– Quality	of	data	is	poor,	possibly	fraudulent
– More	time	needed	to	get	better	data

• Same	methods	employed	today	regarding
– Climate	change
– Evolution
– Moon	landing
– Vaccinations
– Genetically	modified	food



Acceptance	of	science	at	post-war	low;	
another	special	interest	group



Blend	of	diminished	quality	of	science	
education	and	post-modernism

• Ranking	of	American	secondary	school	science	
and	mathematics	is	21	and	26	(out	of	30)	

• Self-esteem	(Gates	Foundation)	#1
• Postmodernism’s	“other	ways	of	knowing,”	
non-acceptance	of	statistics,	innumeracy,	
confirmation	bias,	cognitive	dissonance

• Lecture	room	examples:	“triangle	of	life”	and	
rejection	of	MMR/TDaP vaccines



Role	of	scientific	illiteracy



Global	warming	and	Climate	wars



Some	scientists	in	the	news	regarding	
anthropogenic	climate	change

Acknowledge	
• Richard	Muller,	Berkeley,	

high-energy	physicist;	
supported	by	Koch	brothers	
but	published	research	
confirming change	and	
human	role

• Kerry	Emanuel,	MIT	
dynamic	meteorologist	
(formerly	UCLA);	op-ed	in	
LA	Times calling	it	real

Denies
• Richard	Lindzen,	MIT	

atmospheric	scientist;	
claimed	CO2 increase	helps	
produce	more	clouds	that	
reflect	away	sunlight—
evidence	does	not	support;	
disavowed	by	colleagues

• Wei-Hock	“Willie”	Soon,	
aerospace	engineer,	part-
time	CfA,	supported	by	
Koch	($1.2	x	106),	solar	UV



Modeling	the	Forces	of	Nature



Theoretical	modeling	under	attack



Public	does	not	understand	meaning	
of	“models”



Scientific	models?
Public	does	not	understand	and	is	

easily	mislead



Misrepresentation	of	models

• Climate	change	deniers	
claim	that	models	don’t	
work,	citing	Hansen’s	
projections

• He	failed	to	predict	Mt.	
Pinatubo	eruption!

• But	agreement	between	
favored	model	and	
weather	station	data	
very	good



Best	practice	approach	to	
communicating	with	media/public

• How	do	we	know	that	we did	it?
• Approach
– Post-industrial	revolution	data	(global	picture)
– Individual	metrics (identifies	our role)
– Role	of	uncertainties	and	extreme	weather	events
– Possibly	say	something	about	some	of	my	work



Why	is	the	present	era	special?
(Milankovitch cycle	shown)



Amplify	on	this	theme;	“hockey	stick”



Further	amplify	on	post-industrial	
revolution



Keeling	Curve



97%	climate	scientists	agree



Climate	v.	weather

• Climate	more	than	the	“average”	of	weather
• Weather	forecasts	assume	that	physical	aspects	
of	environment	remains	fixed;	e.g.,	atmospheric	
composition,	solar	radiation

• Climate	responds	to	long-term	changes	in	both
• Our	planet’s	surface	highly	inhomogeneous
• Compare	with	complexity	of	human	body
– Fever	has	non-uniform	effect;	e.g.	face	vs.	extremities
– Small	imbalances	have	dramatic	outcomes



Greenhouse	effect	&	car	analogy
• Discovered in	19th		

century by	Fourier,	
Pouillet,	Tyndall,	and	
Arrhenius

• Glass	(SiO2)	and	carbon
dioxide (CO2)	molecules
have	similar structure

• CO2 associated with
extreme temperatures on	
Venus	(can melt lead—
Pollack	and	Sagan,	1965)



Greenhouse	effect	and	energy	budget

• Sunlight	passes	through
atmosphere relatively
unaffected;	heats
surface	of	Earth which
re-radiates energy in	
the	infra-red (IR)

• « Glass »	is now a	
secondary heat source

• IR	is what is detected by	
night-vision	devices

“Glass”

Surface

Visible
Sunlight

Reradiated
Infrared

from
Surface

Reradiated
Infrared

from
“Glass”

Reradiated
Infrared

from
“Glass”

Simplified Greenhouse
Energy Budget



Greenhouse	effect

• Photo	taken at JPL	
(glass	lenses block	IR	
from my body)

• Why	does	CO2 behave	
like	SiO2 glass?

• Your	car	(left	out	in	the	
sun)	is	like	a	“green-
house”;	how	does	it	
relate	to	atmospheric	
CO2?



Molecular	structure	and	vibrational	IR



Molecular	structure	and	transitions

Diatomic Triatomic



Some	facts	and	figures

• CO2 like	SiO2 millions	of	times	more	efficient	
at	absorbing	vibrational	IR	than	N2 and	O2
(forbidden	transition	in	molecular	physics)

• CO2 now	400	ppm	of	atmosphere;	120	ppm	is	
anthropogenic

• If	CO2 could	settle	out	of	atmosphere	at	STP,	it	
would	be	up	to	2-story	window

• If	it	were	to	“freeze”	as	dry	ice,	it	would	be	as	
thick	as	your	windshield



Greenhouse	effect

• In	greenhouse,	heated soil radiates IR	which
passes	through diatomic N2 and	O2 in	air	

• Glass	(SiO2)	molecules absorb (vibrate)	and	re-
radiate IR;	reason why your car	heats up	in	
sun—heated glass	acts as	secondary source

• Carbon dioxide (CO2)	behaves like glass	(tri-
atomic);	similar mol.	structure,	cf.	sci-fi	theme



Simplified	greenhouse	energy	budget
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More	realistic	energy	budget



Variable	reflectivity	of	surface

• Different	landforms	
absorb	sunlight	with	
different	efficiencies	
(60-90%)

• Snow	and	ice	absorb	
much	less	(as	little	as	
20%)

• Melting	ice	in	arctic	
results	in	massive	
increase	in	absorption	
of	sunlight



Different	heat	capacity	and	
heating/cooling	rate	of	water	vs.	land
• Early	morning,	land	heats	up	faster	than	ocean;	
temperature	difference	drives	“land	breeze”;	
pattern	reverses	after	sunset	giving	“sea	breeze”

• Same	principle	applies	to	all	landforms	and	bodes	
of	water;	temperature	gradients	drive	(thermal)	
winds	and	ocean	currents

• Small	changes	in	heating	can	create	different	
temperature	gradients	and	alter	wind	patterns,	
ocean	currents,	and	precipitation	patterns

• Oceans	700x	more	massive	than	atmosphere



Sea	level	rise	vs.	“storm	surge”

• Current	rate	is	3	mm/yr,	less	than	1”/decade;	
has	doubled	over	last	30	years

• Most	observed	rise	due	to	heating/expansion	
of	ocean	water

• Storm	surge	issue	due	to	“sea	surface	
temperature”	anomaly	in	Caribbean,	presently	
more	important

• Should	all	glaciers	melt/migrate,	sea	level	rise	
could	be	as	great	as	28	m



Where	do	you fit	in?
Some	climate	“math”	(arithmetic)

• Drive	1	mile,	put	1	lb of	CO2 into	atmosphere
• 1	gallon	of	gas	weighs	6.4	lb (0.8	specific	
gravity)	and	typical	car	gets	20	mpg

• Burning	octane	in	presence	of	oxygen
2	C8H18 +	25	O2 è 16	CO2 +	18	H2O	
In	pounds:

• Typical	annual	mileage	(including	“proxy”):	
12,000	miles	è6	tons

6.4
20
16*(12+2*16)
2*(8*12+18*1)=0.988



Where	do	you fit	in?
• “Transportation”	is	30%	of	total;	average	CO2
consumption	per	American	per	year:	20	tons

• Global	consumption	is	presently	33	billionmetric	
tons	per	year,	<	5	tons/human/yr

• Atmospheric	CO2 now	over	400	ppm;	280	ppm	
before	industrial	revolution;	never	>	300	ppm

• Greenhouse	temperature	rise	33° C	or	59° F
• Human	production	of	CO2	rising	2.3%/yr;	
prevailing	rate	unchecked	gives	1100	ppm	at	end	
of	century;	unsustainable



Some	more	energy	math

• Converting	all	energy	used	in	1	yr to	electrical	
power	units,	we	use	10,700	W	or	10.7	kW

• Human	body	consumes	around	100	calories	
(kcal)	per	hour	=	150	W

• 1	Hp =	746	W;	300	Hp car	>	200	kW
• We	use	energy	today	at	rates	per	person	1000	
times	greater	than	the	pioneers

• Fossil	fuel	burning	not	sustainable;	ergo,	
conflict	with	industry	(especially	energy)



Warming	produces	massive	changes	in	
global	circulation	and	jet	stream

• Changing	wind	patterns	
and	locations	of	
planetary	waves	alters	
delivery	of	cold	air	
masses	and	
precipitation	pattern

• Our	future	will	show	
much	more	variability,	
extreme	weather,	and	
possible	desertification



Oceans:	the	elephant	in	the	room

• Oceanic	heat	content	is	
rapidly	increasing;	
taking	up	energy	that	
otherwise	would	heat	
atmosphere;	
momentary	respite

• Melting	of	polar	ice	will	
eliminate	latent	heat	
capacity	to	moderate	
summer	temperature	
rise



Overarching	trend	is	oceanic	heating,	
though	some	latitude	regimes	cooling



Annual	temperature	departure	from	
norms	over	last	century	



Conclusions

• Diminished	levels	of	public	understanding	of	
science	makes	all	of	us	prone	to	efforts	by	
deniers	of	science	of	all	persuasions	
(economic,	religious,	etc.)

• Present	day	environmental	concerns	
unprecedented	&	unsustainable;	6th extinction

• Elimination	of	anthropogenic	carbon	footprint	
essential	to	climate	stability



Epilog

• Climate	change	has	always	been	a	factor,	but	
never	at	this	speed	(apart	from	impact	events)

• CO2 is	major	player	but	no	compelling	evi-
dence that	change	in	sun’s	output	has	a	role

• Cloud	physics	and	ocean-atmosphere	
interaction	present	major	gaps	in	
understanding	and	barrier	to	very	long-term	
prediction



Before	finishing,	my	part	in	the	story

• Greenhouse	effect	
discovered	in	early	19th
century

• Pollack	and	Sagan	
identified	Venus	
greenhouse	but	CO2 did	
not	give	radiative
equilibrium	(RE)

• I	showed	RE	present	and	
due	to	sulfur	compounds	
found	by	Hansen	&	
others,	filling	spectral	gap	
in	Pollack/Sagan



Years	later,	what	role	does	cloud	
geometry	play?

• With	AOS	colleagues	
Lew,	Siscoe,	&	Fovell,	
we	showed	shapes	of	
real	clouds	had	major	
systematic	effect	on	
energy	budget,	much	
larger	than	CH4,	etc.

• Climate	change	deniers	
sadly	use	my	paper	to	
highlight	uncertainties



Statistics	of	record-breaking	events	
(2010)	w/Malamud	&	Turcotte

• Likelihood	that	
imbalance	between	
record-break	highs	and	
lows	is	due	to	
“fluctuations”	is	1	part	
in	3	x	106 (5	standard	
error)

• Deniers	claim	my	
(NOAA)	data	was	
fabricated	


