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A convergence of catastrophes warns that
we are approaching a tipping point in the
history of humankind.

Global warming

Global dimming

RISING energy costs

~alling water tables

Phosphorus depletion

Declining forests

Ocean fisheries collapse

Soll loss - desertification / salinization / erosion
Holocene extinction

RIsing food prices

ncreasing number of failed states
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Biospheres
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Sustainability

Sustainability is a balance of:
The total human Population

The rate of per capita Consumption
The rate of the natural systems to Replenish themselves

PxXC<R

The first and second factors are choices that we make and the third is
largely an indirect result of these decisions.

Our future is a direct consequence of the choicesw e make today.



Garrett Hardin

The Tragedy of the Commons  science, 1968

It is the nature of economic systems to exploit those resources held in common.

1) Each individual will act in their own best interest.

Thus, we will maximize the burden on those resources held in common so as
to minimize our own costs by distributing these costs among the users of the
commons i.e. entire benefit goes to added cow, cost shared among all.

2) The abuse of the commons leads to externalities.

Externalities are the result of economic transactions between voluntary
participants (seller and buyer) that affect involuntary participants e.g. all of the
citizens of Boston were affected by the degradation of the Commons.

3) The overuse of the commons leads to privatization.
Privatization is particularly hard on the poor and leads to income divergence.

4) Capitalism is very efficient at maximizing the “benefits” of externalities.
Globalization allows corporations to exploit world wide opportunities to
externalize costs and maximize profits on a huge scale.

5) Internalizing externalities (through taxation or regulation) is difficult because
of the difficulty in quantifying the damages. Cultural change is an alternative.



Externalities

An externality is an impact on a party not directly involved in an economic decision

Consumption Production

C()Erigeucrfp(t)ig " Money Effects of
Goods Production
—
Positive Neqgative Positive Neqgative
Education Drunk driving Bees Pig farms
Outdoor concert Second-hand smoke TV/Radio/Net Nuclear wastes
Vaccination Rise in CO2 “Free riders” Global warming

Wireless Internet Global warming Water shortage



Global Warming



July 22, 2009

388 ppm T

Current estimates are that 350 ppm is
the highest sustainable concentration



Hey, It’s getting a little warmer. So what?

Rising sea level — if the temperature increases by 6
degrees, Florida will vanish. Increased water
surface will absorb more heat. Increased sea levels
infiltrate fresh water aquifers.

Extreme weather — frequency and intensity of cyclones, hurricanes and
tornados will increase. Frequency and intensity of floods and droughts will
increase. All of which contributes to increased soil loss through erosion.

Increased evaporation — will exacerbate the water shortage by
reducing the hydrologic cycle. Soil loss will increase through
desertification / salinization. Agricultural output will decrease.
Greater evaporation increases wildfires which increase CO2.
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{ > S Ocean acidification — Atmospheric CO2 dissolves in the ocean to
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t\_‘ M -;,;;; _ / form carbonic acid. Carbonic acid attacks the hard-shelled ocean
N e organisms. This is one of the causes of the Holocene Extinction
—— event. A 2 degree rise in ocean temperature will wipe out 97% of
s the world’s coral reefs.

Disruption of ecosystems — Global warming is changing the
yearly cycle of migrations and plants, but not in synchrony.
Birds are migrating sooner, but find no flowers or insects when

they arrive.



Numerous contributors to allergic
and asthmatic ilinesses caused by
Increased temperatures.
Increased temperatures promote
low altitude ozone and increased
pollen counts.

Insect borne illnesses are
facilitated by increased
temperatures.

Increased number of
deadly heat waves.

Higher temperatures lead
to increased outbreaks of
food borne illnesses




Earth is obviously a stable system. The planet has endured periods of greater and lesser
temperatures and has returned to the present temperature.

Natural feedback

e ” systems tend to
orce drive temperature to Feedback systems that promote hotter earth

stable range 1) less snow & ice, lower albedo
110 21C 2) more water surface, more heat absorption
Paleocene Eocene
end of last thermal maximum  3) warmer temps melt methane calthrates
glacial perio 4) more water vapor, more insulation

5) warmer water, less plankton (50% carbon sink)
6) warmer water dissolves less CO2

, Temperature 7) warmer temps, less rain, less rain forests
8) warmer temps, more forest fires, more CO2

15C Current

Temperature
—epelattie

But...

We have no way of knowing over what range the system is stable.

There is a tipping point beyond which we will lose our oceans forever.

Both Mars and Venus had liquid water and earth-like temperatures.
Planet Dist  Temp
Mercuryl.0 178 C
Venus 1.8 467 C
Earth 2.6 15C

+15C Earth
“Force” Mars 3.9 -55C
A
Venus is hotter than
Mercury but nearly
twice as far from the
+500C sun
-50C Venus due to trapped
Liquid oceans on Mars are gone Greenhouse Gases

Temperature



Global Dimming



Global dimming was first observed from pan evaporation
data in the 1990s. Pan evaporation data has been
collected by farmers around the world since the 1950s.

Very expensive
scientific instrument

Small particles (aerosols) seed high altitude clouds.

These clouds are very effective at reflecting solar _ _
radiation back into space. The disappearance of contrails over

North America due to plane
groundings after the 9/11 attacks
and the resulting increase in diurnal
temperature range gave empirical
evidence of the effect of thin ice
clouds at the Earth's surface.

Global dimming has probably
ameliorated the impact of global
warming by ~30%.

Global dimming is disrupting the
hydrologic cycle by reducing
sunshine at the surface. Indian
monsoon failure and the Sahel
drought has been attributed in part
to global dimming.



Desertification
Salinization
Erosion
Deforestation



40% of the world's agricultural
land Is seriously degraded

Salinization is a result of
excessive irrigation.

Desertification is driven by global
40% of the warming and overgrazing.

world’s forests
are gone

60% of the world’s o .
Erosion is caused by the overuse and misuse of the
wetlands are gone land through overgrazing, poor farming techniques and
_ deforestation. Haiti has lost so much soil due to deforestation
Swamps are a vital source of that it is unable to produce enough food to feed its people. This

aquifer recharge. Haitian woman is making food out of clay, shortening and salt.



Phosphorus Depletion



If we lose our phosphorus, we
lose our ability to grow food.

We are mining phosphorus much faster than
natural systems can replenish it. Phosphorus
will be in critically short supply within a few
decades.

The current disconnect between agricultural
production and consumption has contributed to
the loss of phosphorus (previously bio-waste
was used as fertilizer). Modern agricultural
methods remove phosphorus from the land
and deposit it in the ocean where tectonic
plate processes are the only mechanism

that will replenish the land

Normally phosphorus is recycled 46 times on
land and 800 times in the ocean before it is
buried in sediments.

Excess phosphorus is leached out of the soil
into the oceans where it forms algal blooms
killing fish by depriving them of oxygen.
Phosphorus dumped into the ocean is lost to
the land.



Failled States



In 2007 4x more countries became
less democratic than counties that
became more democratic.

Thomas Friedman on “petropolitics”:

1) Where do terrorists get money? $$ -> oil -> terrorists
2) “No taxation, so no representation either”

3) Citizens wealthy, so why bother?

4) Lots of money for police, internal security.

5) Why don't women rise up? - they don't have to work

Year Failed States
2006 28
2007 32
2008 35

(Fund for Peace)

Failed State Criteria

Pressures deriving from high population density
relative to food/water/fuel

Massive movement of refugees

Legacy of vengeance-seeking group

Uneven economic development along group lines
Sharp and/or severe economic decline
Progressive deterioration of public services
Widespread violation of human rights

Security apparatus as ‘state within a state’



Energy



Energy = Economy

The dependence of our economy upon our enormous
energy needs is underscored by former Secretary of
State James Baker when he explains, “I've been in
four administrations...and in every one of those
administrations we had a written policy that we'd go
to war to defend secure access to the energy
reserves of the Persian Gulf.”



Oil Is being consumed 4x faster
than it is being discovered.

Historically the oil economy has been
demand limited. OPEC was created to
prevent overproduction. After the peak,
production will not be able to keep up with
the demands of the economy. Consequently
the price will rise even more as the supply
side becomes more empowered.

As the supply curve
becomes steeper,
small changes in
demand cause
large changes in
price

90% of the energy
in the USA is
generated from
non-renewable
sources






Water



The Aral Sea was once the
fourth largest inland sea.



Now it is less than 10% of its original size.

1964 2005









Water

97% of world’s water is salt. Less than 1% of the remaining 3% is
readily available for human use, of which 50% is too polluted to drink.

Aquifers are being drained at up to 15x their recharge rates.

Water has become an economic commodity. This is the ultimate
example of the Tragedy of the Commons where the poor are unable to
secure potable water because it has been privatized. One person in five
has no access to safe drinking water. Is air next?

A profit driven relationship between agribusiness, politics and water
exists in many countries.

WTO / IMF / World Bank promote selling water at reduced prices to
export “virtual water” to developed countries.

The population of greater Los Angeles would plummet from 18 million to
3 million if forced to live on sustainable water.

Veolia — €48 billion 2007

Suez — €64 billion 2006

RWE — €42 billion 2004

Nestle — $75 billion 2006, but not primarily water
Bottled water — $61 billion 2006



Holocene Extinction Event



NOthlng iS f()rever Era of cyanobacteria

1 billion years

Age of universe 13.7 billion years

Era of the synapsids
50 million years

Era of the dinosaurs
170 million years

Era of the mammals
60 million years

Age of earth Era of hominids 6 million years
4.5 hillion Era of Sapiens 300,000 years
years Sapiens sapiens 80,000 years



The Holocene Extinction is referred to as the 61" major extinction event in the history of
the planet. Holocene refers to the present epoch starting at the end of last ice age about
10,000 years ago. The current extinction rate is more rapid than in any other extinction
event in earth history and 50% of species could be extinct by the end of the 21st century.

The normal “background” rate of extinction is
about one to two species per year. The current
rate is between 30,000 and 140,000 per year.
(The number of species is estimated between 2
to 50 million.)

Rate of extinction has accelerated since 1950

There are more humans than any other mammal.

Currently 1in 4
mammals are
at risk.

52% of mammal
species declining

20% of known bird
species extinct



Food



Country

Annual meat consumption

USA 273 Ibs/person/year (3/4 Ib/day)
Italy 82

Mexico 53

Africa 5

India 3

Food Energy

Beef 54:1 “Hummers on hooves”
Lamb 50:1

Pork 17:1

Milk 14:1

Turkey 13:1

Chicken 4:1

Fish 2:1

note: data from multiple sources, large variances

“Green Revolution” of 1960s relies on:
Natural gas to produce fertilizer

Petroleum for insecticides and transport
Irrigation (electricity from coal and natural gas)

10% of the world's people are starving
10% are overfed

Wal-Mart has caused the price of food to drop 9% over the last 10 years

Animals raised for food in the U.S. consume 90% of the soy crop, 80% of the corn, and

70% of our grain (and 80% of the pharmaceuticals!).



Ocean Fisheries Collapse



“By 2048 all current
fish, seafood species
projected to collapse”

90% of the large predator
fish are gone

38,400 vessels greater than 100 tons in the world's factory fishing fleet



Population



Population Control

The Elephant in the Room

Fertility change from 1950 to 2005

Europe 2.661t01.41

North America 3.47 to 1.99

Oceania 3.87t0 2.30 i .

Central America 6.38 t0 2.66 The world population in 1950
South America 5.75t0 2.51 illi

P S oo o 5 a3 was 2.5 billion.

Middle East, North Africa 6.99 to 3.37

Sub-Saharan Africa 6.7 to 5.53 The world popu|ation IS 6.7

billion.

The population is forecast to
peak at 9 billion in 2042.






Is Sustainability Possible?



Easter Island (Rapa Nui)

Covered with forests , dozens of native bird species
Humans arrived in two seagoing sailing canoes, ~500AD
Humans prospered ~10,000 to 20,000 population

trees cut down to haul Moai

Soil erosion leads to starvation

1 species of bird left, no trees

Cannibalism, wars over pieces of wood

No more wood suitable for seagoing canoes

|solation

Population collapsed to 171 persons

What did the Easter Islander say to himself as he cut
down the last tree?
“Jobs, not trees!”
“Technology will solve all of our problems.”
“They'll grow back. They always have.”
“It really isn't the last tree. The tree-huggers are
just being fear-mongers.”
“If | don't cut it down, someone else will.”



Are humans smarter than yeast?

Notice that the carrying capacity
of the system decreases after it
has been exceeded, causing the
subseqguent population crash
afterwards.



Culture



Two contrasting
cultural attitudes



Capitalism, Consumerism and the American Way

Americans constitute less than 5% of the world's population but produce 25% of the world’s CO2,
consume 26% of the world's energy and generate roughly 30% of world’s waste.

US average carbon footprint 21 tons/yr
Industrial nations average 11 tons/yr
World average 4 tons/yr

Fuel efficiency in the USA peaked in 1987.

US per capita energy consumption 10 kW.
This is equivalent to ~6,000 sq feet of
solar panels per person.

16 miles/teaspoon ! Eco-marathon goal is 3,000 mpg (2009

24 Gallons/mile



The planet's carrying capacity of natural
resources Is being exceeded

USA carrying capacity is ~150 to 200 million people (300 million current population).

World carrying capacity is being exceeded by 2x to 5x.

Is it a “basic human right” to have as many children as we want or is it another case of
Tragedy of the Commons?



Spectrum of consequences

Will life just keep getting better and better or will the earth become another dead planet?
Our future is a direct conseguence of the decisions we make today.



The challenge of achieving sustainability raises difficult questions:

Are we, as individuals inculcated with the values of America, capable of sustainable living if this
means that we have to live less lavishly, eat less meat, downsize our homes, drive smaller cars,
travel less, limit the size of our families, pay higher taxes and eliminate our disposable mentality?

Do we have an ethical obligation to protect and preserve the planet? What right do we have to
cause harm to other species and future generations?

China, India, Iran, Mexico and Europe have successfully curbed their population growth but
through different means. Do governments have an obligation to control their population. Do
governments have the right to control their population?

Is “Mad Max” anarchy ever very far away? Can “human capital”, the sum of our knowledge and
skills be lost forever?

What must happen before we have the political will to make a determination of an optimal
population, recognizing the interrelationships between quality of life, impact on the planet and
population?






