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Thomas Malthus (1766 -1834)

Mathematician and Britain’s 15t professor of
political economy.

1798 “An essay on the principle of population”.

This Principle of Population was based on the
idea that population if unchecked increases at a

geometric rate (i.e. 2, 4, 8, 16, etc.) whereas the
food supply grows at an arithmatic rate (i.e. 1, 2,
3, 4, etc.).

“The power of population is so superior to the
power of the earth to produce subsistence for
man, that premature death must in some shape
or other visit the human race.”
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Landmark Book

A massive study, based on a
computer simulation, of the future
of the planet!

“...precise numerical assumptions
about the limits of the earth are
unimportant when viewed against
the inexorable progress of
exponential growth.” pg. 51

“The basic behavior mode of the
world system is exponential growth
of population and capital, followed
by collapse.” pg. 142
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“The greatest shortcoming of the
human race Is our inability to
understand the exponential function.

Dr. Albert A Bartlett
Professor Emeritus

University of Colorado at Boulder
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What Is the Exponential
Function?

A guantity grows by a fixed fraction (or

percentage) in a constant period of time. For
example, 7% per year.

Therefore the quantity will double in some

fixed quantity of time, called the “doubling
time”. For example, 7% per year growth will
cause any quantity to double in 10 years.
Doubling time =

(70) / (% growth per unit time).

Because 69.3 = 100*In(2).
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Exponential Growth

# of doubles
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Grains of Wheat on a Chessboard
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Population Grows
Exponentially?

Human Population Growth Since 1 A.D.
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Exponential Growth, Finite Resources

Jun-2009

A bottle is filled with
yeast, which double in
number every hour. At
noon they will have
consumed all the sugar
In the bottle.

What happens after
noon?

When is the sugar half
gone?




Migration to the Rescue!

el _ G Yeast-scientists
=3 L y 8

| T send out a probe

e = . and find three

i TS more bottles

- - ; (think continents

or planets?).

When does the
sugar run out
now?




Bloom, Overshoot, Die -off
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“The fall of the
curve is slowed
by cytolysis
[consuming dead
bodies], which
recycles
nutrients from
dead cells.”
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Growth of yeast in a 10% sugar solution

Source: David Price: Energy and Human Evolution
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Overshoot and Die -off

REINDEER. POPULATION " .
ST MATTHEW ISLAND | All species expand as

much as resources

allow and predators,
population size parasites, and physical
conditions permit. When
a species is introduced
Into a new habitat with
abundant resources that
accumulated before its
arrival, the population
expands rapidly until the
resources are used up".

David Price, 1995
Jun-288,dy by David Klein, 1987 13




Neo-Malthusians Piled On

"a minimum of ten B
million people, most FOPULATION CONTROL OR
of them children, will RACE TD DSLIVICHT
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Paul Ehrlich, 1968 [l
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Landmark Book

“...there will still be a desperate
land shortage before the year
2000.” pg. 51

“Virtually every pollutant that has
been measured as a function of
time appears to be growing
exponentially”

“...as GDP rises, the birth rate
falls. This appears to be true
despite differences in religious,
cultural, or political factors”

1971
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We’'re not expanding total farm
land much anymore

Arable Land
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Figure 14. Global arable land. Credit: FAO 2006




Malthus Discredited?

Mass starvation avoided by increasing
the intensity of agriculture:

Draft animals required %z of the farmed
and for their “fuel” supply. Tractors freed
and and (lots of workers).

Massive fertilizer application began about
1950, increasing yields.

This was followed by irrigation, pesticides,
and varieties designed to absorb
concentrated fertilizers, lifting inputs and
yields further.
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Cropland per person (global)

1999 lowa Master -

DD ] ] ] ] ] ] ]
1700 1750 1800 1850 1800 1950 2000 2050 2100

Jun-20080urce: Jesse Ausubel: On Sparing Farmland and Spreading Forest 18




Exponential Chase

From 1960 to 2000, yields per hectare grew
2.3% p.a.

(Jesse Ausubel: On Sparing Farmland and Spreading Forest)

The highest rate of global population growth
[In all of history] was 2.2% between 1963-64.

In 2002, 1t was 1.2%.

(US Census — Global Population at a Glance — 2002 and beyond)

The average lowa corn farm’s yields are five times
the global average. If global yields matched lowa,
we could feed 10 billion on half the farmland.

(Jesse Ausubel: On Sparing Farmland and Spreading Forest)

Jun-2009




-
—
—
-
—
o=
o
(-
d
—
—
S
—
h
=L

170

160

150
140
130

120

110
100

90

20 |-

701,

60

50

B00L
900<
F00L
€00&
000<
Hob 1l
Fobl
Ub6 1L
BEb 1
9861
O=61l
BBl
9L61
FLbl




How Did We Do It? Fertilizer!

Million Tons

160 ~ 933%
In 50 years,
~ 4.6% p.a.

U.S. pesticide
use increased
170% from

Source: FAO, Soh and Prud’homme 1964 to 1982;
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Figure 1: World Fertilizer Use, 1950-2000 (oreganstate.edu)

Source: http://www.worldwatch.org/node/4240
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Average annual growth rate of the world
population, 1750-2050
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Source: Phillip Longman, Author:
The Empty Cradle, How Falling Birthrates Threaten World Prosperity
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World Population Growth Rates:
1950-2050
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Source: U.5. Census Bureau, International Data Base, August 2006 version.
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Annual change
(millions)

Source: U.S.

Annual World Population Change:

1950-2050
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Figure 1.
Annmual Additions and the Anmal Growth Rate of Global Population
The growth of £lobal population has peaked.
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Source:
WWW.pregnhantpause.

org
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200950 urce: http://www.raisethehammer.org/index.asp?id=254




Source: Phillip Longman, Author:
The Empty Cradle, How Falling Birthrates Threaten World Prosperity

Jun-2009




Source: Phillip Longman, Author:
he ismpty Cradle, How Falling Birthrates Threaten World Prosperity




Source: Phillip Longman, Author:
he ismpty Cradle, How Falling Birthrates Threaten World Prosperity




Source: Phillip Longman, Author:
The Empty Cradle, How Falling Birthrates Threaten World Prosperity




What’s this got to do with
energy?

“The problem of getting enough food
(which Malthus assumed was humanity’s
mayjor problem) is basically a problem of
getting enough energy.”

Garrett Hardin, Living Within Limits — Ecology,
Economics, and Population Taboos, pg 132
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“and In each of
those decades,
[the 1950s and
1960s]| more oll
was consumed
than in all of

mankind’s
previous history”

President Carter

April 18, 1977
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@ World Oil Production (BB/Yr.)

World Ol
Consumption had
been growing at 7%
p.a. (doubling every
decade) for a
century. That
changed in 1973.

1985 — 2005 oll
consumption has
grown 1.7% p.a.
(double in 40 yrs)

2002-2005 oll
consumption has
grown 2.2% p.a.
(double in 32 yrs)
34




Energy Use per Person Growing

Over the 30-year period of 1971 to 2001, the
world’s total primary energy supply increased by
84%, ...This equates to a compound growth rate
of about 2.1% per annum.

By comparison, world population grew by 1.6%
and Gross Domestic Product by 3% over the
same period.

So energy use per capita is growing 0.5% p.a.;
an exponential curve on top of another
exponential curve!

Jun-2009




Energy Use Set to
Accelerate?

Developing countries use 30% of global energy.
Rapid population growth, combined with
economic growth, will dramatically increase that
percentage in the next 10 years.

America uses about 15 times more energy per
person than does the typical developing country.

While the world's population doubled between
1950 and 1996, the number of cars increased

tenfold.

Source: http://www.solarenergy.org/resources/energyfacts.htmil
Jun-2009




The Predictions of
M. King Hubbert

Hubbert was a petroleum geologist for
Shell OiIl Company.

In 1956, he predicted that U.S. ol
production would peak between 1965 and
1970. He was scorned.

U.S. oll production peaked in 1970.
How did he do it?

Jun-2009




Peak Discovery 1930 U SA = Lower 48
Mid-point year: 1970
Time-lag: 42 years Ultimate 2050: 190 Gb

To-date 1999: 165 Gb
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Annual Production with 2 Percent Annual Growth & De

40
USGS Estimates of Ultimate Recovery

cline

35 Ultimate Recovery
Probability

30 Low (95 %)
Mean (expected value) 3,003
i3 High (5 %) 3,896

\

2% Growth

20

15 [

\ & Decline
High Prices Can

Affect Demand
4.1% Decline
1979-1983

N

| —
©
(D)
>_
o
o
0
(D)
=
(v}
(2
c
S
=

== History
7.8% Growth

AN

N

"

1900 1925 1950 1975 2000 2025

Source: U.S. DOE/EIA, “Long Term World Oil Supply”

Jun-2009

2050 2075 2100

2125



Peak OIl — Already Past?

Global Oil Extraction Rate & Price
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What Runs Out First?

“We are too many people
extracting too many resources,
too quickly, from a finite planet.
We must learn to use much less
of virtually everything...Today the
declining resources are oil and
natural gas; tomorrow they will

be fresh water, copper, lead,
phosphates, fish, and topsoil.”

Richard Heinberg, 2003

Foreword of High Noon for Natural Gas
Jun-2009




Global Copper Extraction
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WER(E
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Sustainable CO, Production

Sustainability defined —~ 1 ton/CO, per
person per year

sun-224d hations with 70% of world population




Our Demands

appear Insatiable




Global GDP (PPP)
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Why Exponential Growth?

there is] “NO reason on earth
why exponential
expectations cannot be
eliminated? Quite so: no
reason on earth... The
problem is in our heads .”

Garrett Hardin, 1993

http://www.garretthardinsociety.org/
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