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Planet	A		
(photo	taken	
1968/12/24)	

“the	most	influential	environmental	
photograph	ever	taken”	–Galen	Rowell	

humans	 emissions	 CO2	 TS	
x109 Gt C ppm	 1880-1920	

1968	 3.5	 4	 323	 +0.25	
2019	 7.7		 10	 410	 +1.1	
2030	 ? 5? ? +1.5?	



Opinion | James Hansen                  Boston Globe                                27 June 2018 
 

 
Source: 1965-2017 BP Statistical Review of World Energy; 1900-1965 Department of Energy Carbon 
Dioxide Information and Analysis Center (Energy unit: Gt = gigatons = billion tons of oil equivalent) 

Thirty years later, what needs to change in our approach to climate change 
THIRTY YEARS AGO, while the Midwest withered in massive drought and East Coast temperatures 
exceeded 100 degrees Fahrenheit, I testified to the Senate as a senior NASA scientist about climate 
change. I said that ongoing global warming was outside the range of natural variability and it could be 
attributed, with high confidence, to human activity — mainly from the spewing of carbon dioxide and 
other heat-trapping gases into the atmosphere. “It’s time to stop waffling so much and say that the 
evidence is pretty strong that the greenhouse effect is here,” I said. 

This clear and strong message about the dangers of carbon emissions was heard. The next day, it led the 
front pages of newspapers across the country. Climate theory led to political action with remarkable 
speed. Within four years, almost all nations, including the United States, signed a Framework Convention 
in Rio de Janeiro, agreeing that the world must avoid dangerous human-made interference with climate. 

Sadly, the principal follow-ups to Rio were the precatory Kyoto Protocol and Paris Agreement — wishful 
thinking, hoping that countries will make plans to reduce emissions and carry them out. In reality, most 
countries follow their self-interest, and global carbon emissions continue to climb (see graph above).  

It’s not rocket science. As long as fossil fuels are cheap, they will be burned and emissions will be high. 
Fossil fuel use will decline only if the price is made to include costs of pollution and climate change to 
society. The simplest and most effective way to do this is by collecting a rising carbon fee from fossil fuel 
companies at domestic mines and ports of entry. 

Economists agree: If 100 percent of this fee is distributed uniformly to the public, the economy will be 
spurred, GNP will rise, and millions of jobs will be created. Our energy infrastructure will be steadily 
modernized with clean energies and energy efficiency. 

The clinching argument for a carbon fee, as opposed to ineffectual cap-and-trade schemes dreamed up by 
politicians, is that the fee can be imposed almost globally via border duties on products from countries 
that do not have a fee, based on standard fossil fuel content of the products. This will be a strong incentive 
for most countries to have their own fee. 

#	humans	

bi
od

iv
er
sit
y	

Clear	definition	of	“problem”	elusive	
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Fig. 15-6: Top panel: This illustrates the state of the modern Earth with oxidized and 
reduced reservoirs that when combined release energy. The reduced reservoirs are 
organic carbon and Earth’s interior. The oxidized reservoirs are the oxidized surface 
rocks and the O2 in the atmosphere. Bottom panel: The fuel cell concept of Figure 15-1 
with the Earth’s chemical reservoirs as the reduced and oxidized species that power 
Earth processes.
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We	have	short-circuited	the	planetary	fuel	cell	

(Langmuir	&	Broecker	2012)	



Figure	1.	The	nested	human-earth	system	in	the	Anthropocene.		
The	sun	powers	the	climate	system,	water	cycle,	and	photosynthesis.	
Food,	which	powers	human	activity	and	the	mind,	is	supplemented	by	
other	energy	sources	of	large	magnitude	(e.g.,	in	the	U.S.,	the	“food	:	
fossil	fuels	:	other”	ratio	is	approximately	1:80:20).	Human	activity	
influences	the	biosphere	(e.g.,	habitat	alteration),	biogeochemical	
cycles	(e.g.,	carbon	emissions),	the	water	cycle	(e.g.,	irrigation),	and	
the	climate	system	(e.g.,	storm	properties).		
If	the	pen	is	mightier	than	the	sword,	the	mind	rivals	the	sun	in	
planetary	influence	(figure	adapted	from	Fig.	1.5,	Kleidon,	2016,	
Thermodynamic	Foundations	of	the	Earth	System).	

noösphere	

As	of	2019:	
7.7	billion	
people	
convert	energy	
at	>18	TW		
	
	
(What	are	the	
units	of	will	
power???)	





Harness	the	noösphere?	

•  How	can	universities,	ripe	with	faculty	
expertise	and	student	energy,	contribute?		

•  What	if	the	vast	majority	of	early	college	
students,	about	to	make	critical	life	choices,	
were	to	acquire	both	a	deep	understanding	of	
the	problem	and	the	resolve	to	enact	
solutions?	



All	corners	of	campus	
“Lincoln’s	cabinet”	

Humanities

Natural Sciences

Psychology
Education

Social Sciences

Community Health

Arts

Mathematics



The	“advisory	council”	



On	communicating	
(a	model	to	emulate)	

•  The	best	part	of	the	plate	business	is	that	it	has	made	
us	all	start	communicating.	People	who	squeeze	rocks	
and	people	who	identify	deep	ocean	nannofossils	and	
people	who	map	faults	in	Montana	suddenly	all	care	
about	each	others’	work.	I	think	I	spend	half	my	time	
just	talking	and	listening	to	people	from	many	fields,	
searching	together	for	how	it	might	all	fit	together.	
And	when	something	does	fall	into	place,	there	is	that	
mental	explosion	and	the	wondrous	excitement.	I	think	
the	human	brain	must	love	order.		

•  Tanya	Atwater	



On	communicating	
(a	model	to	emulate)	

•  The	best	part	of	the	sustainability	crisis	is	that	it	has	
made	us	all	start	communicating.	People	who	squeeze	
rocks	and	people	who	identify	deep	ocean	nannofossils	
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•  Tanya	Atwater	
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14-week	semester	

•  Humanities	
•  Archeologist	
•  Energy	
•  Carbon	cycle	
•  Ecologist	1	
•  Ecologist	2	
•  Quantifying	

•  Carbon	pricing	
•  Project	Drawdown	
•  Sustainable	food	
•  Sustainable	campus	
•  “Behavior”	
•  The	artist	
•  Nature-based	ed	



“People	affect	people.”	
-Peter	J.	Coney	

PEDAGOGY	
“The	only	rational	way	of	
educating	is	to	be	an	example
—of	what	to	avoid	if	one	can’t	
be	the	other	sort.”	
	
“Setting	an	example	is	not	the	
main	means	of	influencing	
others,	it	is	the	only	means.”	

-A.	Einstein	
	
What	can	I	do?	
*exemplary	footprint	
*vote	
*write	letters/persuade	
*educate	(this	effort)	
*research		
(e.g.,	Staten	Island	Project)	



ZOOM	

Before	class,	setting	up	for	remote	presentation	
by	Karl	Kreutz	(Orono	campus	of	UMS)	on	his	ice	
core	research	and	carbon	cycle	fundamentals.	
“It	was	like	he	was	in	the	classroom!”	



Dynamical	systems	modeling	

Does	this	“energy	balance”	climate	model	look	familiar?	
(Moore	&	Derry	1995,	JGE)	





Student	research	

Wind	(above),	biomass	(below)	

Solar	(above),	CMP	“hydro”	hearings	(below)	



An	ambitious	goal	

•  The	ultimate	vision	is	a	template	that	works	
when	scaled	up	and	exported	to	nourish	a	
widespread	culture	of	sustainability	and	earth	
stewardship.		

•  A	first-year	experience	for	every	student?									
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Long-term	carbon	cycles-	Turn	down	the	sources,	and	increase	the	sinks.	



STATEN	ISLAND	PROJECT	
Remove	CO2	from	the	
atmosphere	and	store	in	
carbonate	minerals	
produced	by	reaction	with	
ultrabasic	silicates	in	the	
seafloor.		
Lime	produced	in	a	
submarine	kiln	collects	
dissolved	carbon,	and	pure	
CO2	pumped	into	the	
seafloor	drives	the	
exothermic	reaction,	aided	
by	self-cracking	feedback,	to	
completion.		

CO2	

Mg2SiO4	 MgCO3	

CaCO3	

CaO	

CO2	

Lost	City	
carbonate	
chimney	

(Kelemen,	2014)	

Deb	Kelley	



the more modern, larger values of 1.5–1.7 AU (e.g., Kasting
et al., 1993; Kopparapu et al., 2013).

Since the temperature-dependent carbonate-silicate cycle
provides a negative feedback, it could have been responsible
for the long-term stabilization of Earth’s surface temperature.
With a sufficiently high silicate weathering rate, even a lifeless
planet could remain habitable. However, since temperature-
dependent silicate weathering requires sub-aerial weathering
of silicate rocks (either granitic or basaltic), the magnitude of
the negative feedback of silicate weathering is roughly pro-
portional to the amount of sub-aerial continental crust. In the
first billion years of Earth’s history, the fraction of the surface
of Earth where sub-aerial erosion would have been possible
may have been extremely small (Flament et al., 2008; Abbot
et al., 2012; Dhuime et al., 2015). Flament et al. (2008)
modeled the sub-aerial weathering as a function of time and
estimated that in the late Archean (*2.5 Gya) 2–3% of the
Earth’s surface was sub-aerial continent.

The little continental crust present was largely submerged.
Thus, it is likely that early in Earth’s history the negative
feedback of the carbonate-silicate cycle may have been inop-

erative or at least significantly less effective than today. This
undermines the main negative feedback mechanism proposed
to stabilize surface temperature on wet rocky planets for the
first billion years or so, when they are most likely to experience
runaway greenhouse or runaway glaciation due to high in-
ventories of primordial greenhouse gases, higher bombard-
ment rates, and higher volcanism; hence, the ‘‘?’’ associated
with this negative feedback loop in Fig. 5 and Table 1.
Without this abiotic feedback cycle to extend the outer edge
of the CHZ, the much narrower Hart-like continuously
habitable zone (Fig. 6B) becomes more plausible.

The other abiotic negative feedback on surface temperature
shown in Fig. 5 is associated with low clouds: higher temper-
atures / more volatilization / more low-altitude clouds /
higher albedo / lower temperatures. Low clouds increase
albedo and decrease surface temperatures more than they
contribute toward raising the surface temperature because of
the greenhouse effect associated with clouds (Abe et al., 2011).
This is problematic because increasing volatilization produces
both more low-altitude clouds, which could cool Earth due to
their higher albedo, and more high-altitude clouds, which could

FIG. 5. Early Abiotic Feedbacks. During the first billion years after the formation of Earth (or of Earth-like planets), abiotic
positive feedbacks (left) can lead to runaway surface temperatures outside the habitable range (both too hot and too cold). These
positive feedbacks lead to the loss of liquid water [either from hydrogen escape to space or condensation into ice (Fig. 4)].
Abiotic negative feedbacks (right) have been invoked to stabilize surface temperatures, but they may not be significant in the
first billion years, hence the dashed lines and the question marks (Section 4.3). As life evolves, it can strengthen or weaken these
initially abiotic geochemical feedback loops and turn them into biogeochemical cycles and feedback loops. Evolving life can
insert itself into these feedbacks at the points labeled A, B, C, and D (Table 1 and Section 5). (Color graphics available at
www.liebertonline.com/ast)

Table 1. Abiotic Feedback Processes Active during the First Billion Years of a Wet Rocky Planet’s
History and Potential Biotic Enhancements of the Feedback Cycle

Feedback Mechanism Feedback type Potential biological mediation

Greenhouse Greenhouse gases (Ingersoll, 1969;
Abe et al., 2011)

Positive A (Catling et al., 2001; Kasting, 2012; Goldblatt
et al., 2009; Harding and Margulis, 2010)

Greenhouse Silicate weathering
(Walker et al., 1981)

Negative? B (Lovelock and Whitfield, 1982; Schwartzman
and Volk, 1989; Catling et al., 2001;
Rosing et al., 2006; Höning et al., 2014)

Albedo Ice albedo (Budyko, 1969; Hoffman,
1998; Kopp et al., 2005)

Positive C (Harding and Margulis, 2010; Watson
and Lovelock, 1983)

Albedo Low clouds (Abe et al., 2011) Negative? D (Rosing et al., 2010)
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FIG. 6. Bombardment, habitable zones, and the Gaian bottleneck. (A) Early heavy bombardment precludes life for the first
*0.5 billion years, indicated by red in all three panels. These impacts produce heat pulses and both deliver and remove
volatiles (Elkins-Tanton, 2011). Thus, the amount of H2O at the surface is highly variable during this period. The phase of the H2O
at the surface is also highly variable during this period because of impact-induced alternation between greenhouse warming and
ice-albedo runaway. (B) The width of the CHZ is usually considered to be a function of physics and chemistry but is often
computed without the largely uncertain influence of clouds and placed between Venus (0.7 AU) and Mars (1.5 AU). Here the blue
region is from the work of Hart (1979), and the orange regions are based on estimates by Kopparapu et al. (2013) for the
conservative (light orange) and optimistic (dark orange) limits. Life plays no role in these computations. The *30% increase in
the luminosity of the Sun since its formation is responsible for the outward migration of the traditional CHZ and some of the
narrowness of Hart’s continuously habitable zone. The yellow zone in (B) represents our speculative version of a short-lived
abiotic habitable zone at the tail end of the impact-induced thermal instabilities shown in the first billion years of panel (C). The
width of the abiotic habitable zone begins with a fairly wide range of semimajor axes but lasts only from*0.5 to*1 Gyr and then
shrinks to zero. After *1 Gyr, rapid impact-induced thermal excursions diminish, and surface temperatures drift away and run
away from habitability. Planets become devolatized because of the runaway greenhouse effect (top of panel C), and because liquid
water condenses out into ice due to the runaway ice-albedo effect (bottom of panel C), with no abiotically stable zone between
them. The early evolution of Gaian regulation may be the main feature responsible for maintaining the surface temperature of
Earth within a habitable range for the past *4 billion years (Lovelock, 2000). (Color graphics available at www.liebertonline
.com/ast)

14 CHOPRA AND LINEWEAVER

The	Case	for	a	
Gaian	Bottleneck:	
The	Biology	of	
Habitability	
(Chopra	&	
Lineweaver	2016)	
	
Could	we	be	first	
in	the	universe	to	
achieve	planetary	
self	control?	


