Sink or swim:
A foundation course in sustainability
for all by all
D. Reusch, P.Hardy, K.Case, L.Kellett, P.Stancioff, K.Kreutz,
A.Barton, R.Hovel, M.McCourt, J.Minor, W.Harper, L.Beck,
M.Martin, J.Messier, N.Lekes, K.Randall, P.Baillie, K. Maasch

“the most influential environmental
photograph ever taken” –Galen Rowell
Planet A
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Clear definition of “problem” elusive

ter, what needs to change in our approach to climate change

AGO, while the Midwest withered in massive drought and East Coast temperatures
es Fahrenheit, I testified to the Senate as a senior NASA scientist about climate
ngoing global warming was outside the range of natural variability and it could be
h confidence, to human activity — mainly from the spewing of carbon dioxide and
gases into the atmosphere. “It’s time to stop waffling so much and say that the
rong that the greenhouse effect is here,” I said.

g message about the dangers of carbon emissions was heard. The next day, it led the
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We have short-circuited the planetaryOfuel cell
Permits far greater energy flow than earlier in Earth history

a) The planetary fuel cell
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z e d Fig. 15-6: Top panel: This illustrates the state of the modern Earth with oxidiz

reduced reservoirs that when combined release energy. The reduced reservoi
organic carbon and Earth’s interior. The oxidized reservoirs are the oxidized
Permits far greater energy flow than earlier in Earth history
rocks and the O2 in the atmosphere. Bottom panel: The fuel cell concept of Fi
with the Earth’s chemical reservoirs as the reduced and oxidized species that
b) Modern Earth’s fuel cell
(Langmuir & Broecker 2012)
Earth processes.
Aerobic life,

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

noösphere
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).

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
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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
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.
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Archeologist
Energy
Carbon cycle
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Ecologist 2
Quantifying
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Carbon pricing
Project Drawdown
Sustainable food
Sustainable campus
“Behavior”
The artist
Nature-based ed

PEDAGOGY
“People affect people.”
-Peter J. Coney

“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

(Moore & Derry 1995, JGE)

Does this “energy balance” climate model look familiar?

Student research

Solar (above), CMP “hydro” hearings (below)
Wind (above), biomass (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.
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STATEN ISLAND PROJECT
Remove CO2 from the
atmosphere and store in
carbonate minerals
produced by reaction with
ultrabasic silicates in the
(Kelemen, 2014)
seafloor.
Lime produced in a
CO2
submarine kiln collects
dissolved carbon, and pure
CaCO3
CO2 pumped into the
seafloor drives the
exothermic reaction, aided
by self-cracking feedback, to
completion.

Deb Kelley
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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?

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

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

Mechanism
Greenhouse gases (Ingersoll, 1969;
Abe et al., 2011)
Silicate weathering
(Walker et al., 1981)

Feedback type
Positive
Negative?

Potential biological mediatio

A (Catling et al., 2001; Kasting, 2012
et al., 2009; Harding and Margulis
B (Lovelock and Whitfield, 1982; Sch
and Volk, 1989; Catling et al., 200

