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Quote

Ursula	Le	Guin (1929–2018),	 in:	The	Dispossessed,	1974



Climate	Poll	– 1	of	3

Do	you	think	global	warming	is	happening?
• A.		Yes
• B.		No
• C.		Don’t	know

http://climatecommunication.yale.edu



Climate	Poll	– 2	of	3

Assuming	global	warming	is	happening,	do	you	
think	it	is…
• A.		Caused	mostly	by	human	activities
• B.		Caused	mostly	by	natural	changes	in	the	
environment
• C.		Other
• D.		None	of	the	above	because	global	warming	isn’t	
happening



Climate	Poll	– 3	of	3

To	the	best	of	your	knowledge,	
what	percentage	of	climate	scientists think	
that	human-caused	global	warming	is	happening?		
• A.		90-100	%
• B.		70-90	%
• C.		50-70%
• D.		Less	than	50%
• E.		Don’t	know





Is	it	just	the	weather,	
is	it	the	climate,	

or	is	it	climate	change?



Is	it	weather,	climate,	
or	climate	change?

Flash	floods	and	
tornadoes	 in	South	
and	Midwest,	Feb	24,	
2018



Is	it	weather,	climate,	
or	climate	change?

10	cm	snow	in	Rome	on	
February	26,	2018.			
Photo:	AP



Is	it	weather,	climate,	
or	climate	change?

Multi-year	drought	 in	
South	Africa	declared	
National	Disaster,	13	
March	2018



Is	it	weather,	climate,	
or	climate	change?

Seventeen	
named	
storms,	six	
major	
hurricanes	in	
Atlantic	
season	2017

In	one	photo:	
Irma,	Jose,	Katia



Is	it	weather,	climate,	
or	climate	change?
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Thermokarst,	thaw	ponds	 in	N.	Quebec,
http://www.bethanydeshpande.com/wp/







Frequently	Asked	Question:	
Are	or	will	there	be	more	hurricanes?

Years 1851-2016	(2017:	17)
http://www.aoml.noaa.gov/hrd/tcfaq/E11.
html

ACE	=	Accumulated	Cyclonic	Energy
(2017:	highest	on	record)



Rules	of	Thumb	for	a	warmer	
world	(confirmed	by	observations	and	predicted	by	
models	with	high	certainty)

- more	heat	records
- less	cold	records

- more	heat	waves
- larger	downpours,	 flash	floods

- wet	places	get	wetter
- dry	places	get	drier

- less	snow	pack
- earlier	snow	melt

- prolonged	 droughts
- stronger	tropical	storms	(not	certain)



2017

https://science2017.globalchange.gov/cha
pter/executive-summary/



2015



https://www.na
sa.gov/press-
release/long-
term-warming-
trend-
continued-in-
2017-nasa-noaa

2018



A	brief	history	of	modern	climate	
change

Jean-Baptiste	Joseph	Fourier	 (1768-1830)

develops	a	theory	of	“heat”
and	discovers	Earth’s	“greenhouse	effect”.

Earth’s	surface	is	warmer
than	heating	from	Sun	alone	would	imply.



A	brief	history	of	modern	climate	
change

John	Tyndall	(1820-1893)

discovers	the	absorption	 of	infrared	radiation	by
molecules	like	CO2,	H2O,	N2O,	CH4,	O3

These	are	the	atmospheric	
“greenhouse	gases”
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The	Sun,	our	central	star,	radiates	energy	at	3.8	x	1026 W,	
mostly	at	visible	wavelengths	400-800	nm

some	as	X	rays,	UV,	and	near	IR
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This	power	is	diluted	with	the	distance	squared	(1/r2).	
At	the	Earth,	the	“solar	constant”	is	still	S	=	1370	W/m2
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The	Earth	collects	solar	power	across	its	“shadow	
area”	of	S	(πR2)	all	the	time	at	the	“top	of	the	
atmosphere”	(like	in	low-earth	orbit)



s

Clouds	and	ice	on	Earth	reflect	about	30%	back	to	space
(“albedo”)
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If	we	balance	

Energy	(in)	=	Energy	(out)

S(1-α)	/	4	 =	σ	T4,		with

σ	=	5.67	x	10-8 W	m-2	K-4

we	find	 the	
surface	temperature	as

T	=		[S	(1-α)	/	(4	σ)]1/4

T	=	255	K	(–18	°C)

which	is	much	colder	that	the	
observed	average	temperature!	

The	sunlight	 reaches	and	warms the	Earth’s	surface,	since	the	atmosphere	 is	mostly
transparent for	visible	 light.	

The	entire	Earth’s	surface	(4	π	R2)	must	lose the	energy	by	thermal	radiation	to	space.		
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The	surfaces	receives	solar	radiation	and	“back	radiation”	from	the	
atmosphere.		The	resulting	surface	temperature	is	303	K	(a	bit	too	warm,	real	
value	289	K	=	16°C)

We	need	to	consider	an	atmosphere	that	is	opaque	
for	the	outgoing	infrared	radiation

238	Wm–2 =	S(1-α)	/	4 255	K	cold

303	K	warm



wikipedia



Infrared	active	molecules
Its	quantum	physics!

Symmetric	bend	of	CO2 near	667	cm-1

(15	µm)	is	most	important	for	
greenhouse	 effect	on	Earth	(despite	it	
small	mixing	 ratios	of	400	ppm	↑).	Also	
on	Venus	and	Mars.

Water	vapor	(H2O,	10000	ppm	but	
variable)	absorbs	at	many	wavelengths	
in	near	and	middle	 infrared.	

The	more	bonds,	 the	more	absorption	
lines.		Therefore,	CH4 (1.86	ppm	↑)	and	
CFCs and	HFCs are	also	important	
greenhouse	 gases	that	count.

N N O O are	IR	inactive



This	is	an	explanation	of	the	”natural”	
greenhouse	effect	in	its	simplest	form

It	keeps	oceans	liquid	 for	probably	all1 of	Earth’s	history	of	4.6	Gy

Refinements:
Heat	is	also	transported	away	from	the	surface	by	convection	and	latent	
heat.		The	temperature	structure	is	therefore	better	described	as	
radiative-convective	equilibrium (Manabe and	Weatherald,	1967).	

Most	important	greenhouse	 gases	are	water	vapor,	which	is	recycled	in	a	
few	days,	and	carbon	dioxide,	which	is	long-livedwith	time	scales	of	100s	
to	10,000s	of	years.	

Water	vapor	content	increases	with	increasing	temperature,	which	is	the	
most	important	positive	climate	feedback.	

1 Snow	Ball	Earth,	Faint	Sun	Paradox,	
very	high	CO2 content	 in	Carboniferous



Trenberth,	2009



A	brief	history	of	modern	climate	
change

Svante	Arrhenius	 (1859-1927)

first	speculated	that	humans	 fossil	fuel	burning
and	adding	carbon	dioxide	
may	raise	the	temperature	of	the	Earth

more	greenhouse	gases	enhance	the	
natural	greenhouse	effect	and	cause
global	warming



A	brief	history	of	modern	climate	
change

Charles	David	Keeling	(1928-2005)

starts	systematic	measurements	of	
carbon	dioxide	and	shows	that	they	are
ever	increasing	

Global	carbon	dioxide	 levels	are	now	higher	
than	they	were	in	the	past	million	years	and	
have	increased	from	preindustrial	 levels	of	
280	ppm	to	over	406	ppm	
due	to	human	fossil-fuel	burning,	
deforestation	and	changes	in	land	use

About	half	of	the	emitted	CO2	is	being	
dissolved	 in	the	oceans	(acidification),	 the	
other	half	remains	in	the	atmosphere	for	
100	years	and	even	much	longer



“Keeling	curve”



A	brief	history	of	modern	climate	
change

James	Edward	”Jim”	Hansen	(b.	1941)

develops	global	temperature	sets	and	global	climate	
models	at	NASA	since	the	early	1980s,

which	show	that	the	observed	warming	can	only	be	
modeled	and	explained	by	including	 the	radiative	
forcing	 the	human	caused	greenhouse	 emissions	and	
associated	feedbacks,	such	as	ice-albedo	decreases	and	
water	vapor	increases

He	testifies	about	his	results	before	Congress	first	in	
1988.

Average	global	 temperatures	are	now	warmer	
than	ever	in	the	past	400,000	years	
(during	 previous	 interglacials,	warm	periods	between	
ice	ages)	



The	land	warms	faster	than	the	ocean;	the	ocean	absorbs	98%	of	the	extra	warming,	
expands	and	causes	sea	level	rise.			

more	than	1	°C	(1.8	°F)	increase!



Surprisingly	 well	(paper	by	Gavin	Schmidt,	2009).			A,	B,	C	are	different	emission	scenarios



IPCC



Other	evidence	for	climate	change
From	the	2017	U.S.	Climate	Change	Special	Report

“In	addition	to	warming,	many	other	aspects	of	global	
climate	are	changing,	primarily	in	response	to	human	
activities.Thousands	of	studies	conducted	by	
researchers	around	the	world	have	documented	
changes	in	surface,	atmospheric,	and	
oceanic	temperatures;	
melting	glaciers;	
diminishing	snow	cover;	
shrinking	sea	ice;	
rising	sea	levels;
ocean	acidification;	
and	increasing	atmospheric	water	vapor.”



Debunking	climate	myths

https://skepticalscience.com

https://insideclimatenews.org/news/221120
17/thanksgiving-family-climate-denial-
global-warming-science-answers



Debunking	climate	myths

http://www.realclimate.org



Merchants	of	Doubt
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Book	(2010)

Movie	(2014)

https://www.youtube.com/watch?v=j8ii9zGFDtc

repeat	of		the	“tobacco	strategy”	of	the	1960s



Current	issues	in	climate	science
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https://www.nature.com/nclimate/



Current	issues	in	climate	science
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Current	issues	in	climate	science
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Current	issues	in	climate	science
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http://www.sciencemag.org



Solutions

we	must	reduce	global	 fossil	fuel	emissions	as	quickly	as	possible	

If	we	want	to	limit	the	effects	of	global	warming,

(for	example,	by	+1.5	°C	temperature	increase	over	pre-industrial	by	2100)		



Carbon	Capture	and	Storage	(CCS)	
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possibly	aided	by	



Geoengineering
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as	a	last	resort?	

in	particular,	solar	radiation	management,	
i.e.	dimming	the	Sunwith	introducing	stratospheric	aerosols	on	a	global	scale,	
like	major	volcanic	eruptions	 do

must	be	continued	 indefinitely	 or	until	other	solutions	 arise	

https://www.theguar
dian.com/environme
nt/blog/2012/feb/06
/artificial-volcano-
cool-planet-sun





Thank	you	
for	your	attention
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