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We use more and more energy. We get most of it by burning
fossil fuels.
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We use more and more energy. We get most of it by burning
fossil fuels.

In 2007, the average human burnt 1.2 tonnes of carbon.
The average Hong Kong person burnt 5.8 tonnes.

Worldwide, we burnt 8 gigatonnes of carbon in 2007.


http://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions
http://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions_per_capita
http://www.azimuthproject.org/azimuth/show/Carbon+emissions

So, the amount of carbon dioxide in the air is soaring:
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http://www.globalwarmingart.com/wiki/File:Mauna_Loa_Carbon_Dioxide_png

To understand just how much, we need to take the long view:
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http://www.globalwarmingart.com/wiki/File:Carbon_Dioxide_400kyr_Rev_png

As you’'d expect, the temperatures have gone up — about
0.8°C since 1880:
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http://data.giss.nasa.gov/gistemp/graphs/

Arctic sea ice is shrinking in extent:

Northern Hemisphere Extent Anomalies Feb 2011
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http://nsidc.org/data/seaice_index/

According to Rignot et al, the melting of Antarctica and
Greenland is accelerating:
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http://thingsbreak.wordpress.com/2011/02/16/greenland-and-antarctic-ice-sheet-decay-update/

So far: no projections or climate models. But what do we
expect to happen?
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So far: no projections or climate models. But what do we
expect to happen?

Before the industrial revolution, the CO, concentration was 290
parts per million. Now it's 390. What next?
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http://www.ipcc-data.org/ddc_co2.html

Many different arguments say that doubling the carbon dioxide
(CO,) concentration will increase average temperatures by
2 —4.5°C.
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With high economic growth and continued reliance on fossil
fuels, the atmosphere could contain 950 parts per million of
carbon dioxide by 2100.
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Many different arguments say that doubling the carbon dioxide
(CO,) concentration will increase average temperatures by
2 —4.5°C.

With high economic growth and continued reliance on fossil
fuels, the atmosphere could contain 950 parts per million of
carbon dioxide by 2100.

This could cause temperatures roughly 2.4 — 6.4°C higher than
today.
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What effects might that have? With just 3°C of warming, the US
National Academy of Sciences expects that:
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What effects might that have? With just 3°C of warming, the US
National Academy of Sciences expects that:

@ 9 out of 10 northern hemisphere summers will be
“exceptionally warm”: warmer than 1 out of 10 in
1980-2000.


http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets
http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets

What effects might that have? With just 3°C of warming, the US
National Academy of Sciences expects that:

@ 9 out of 10 northern hemisphere summers will be
“exceptionally warm”: warmer than 1 out of 10 in
1980-2000.

@ Much more land will be burned by wildfires in parts of
Australia, Eurasia and North America.


http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets
http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets

What effects might that have? With just 3°C of warming, the US
National Academy of Sciences expects that:

@ 9 out of 10 northern hemisphere summers will be
“exceptionally warm”: warmer than 1 out of 10 in
1980-2000.

@ Much more land will be burned by wildfires in parts of
Australia, Eurasia and North America.

@ Extreme precipitation events will increase by 9-30%


http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets
http://www.azimuthproject.org/azimuth/show/NRC+climate+stabilization+targets

What effects might that have? With just 3°C of warming, the US
National Academy of Sciences expects that:

@ 9 out of 10 northern hemisphere summers will be
“exceptionally warm”: warmer than 1 out of 10 in
1980-2000.

@ Much more land will be burned by wildfires in parts of
Australia, Eurasia and North America.

@ Extreme precipitation events will increase by 9-30%
@ Rainfall in some dry regions will drop by 15-30%
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Rignot et al expect a sea level rise of 32 centimeters by 2050.
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Rignot et al expect a sea level rise of 32 centimeters by 2050.

Even not including Greenland and Antarctica, we expect a 60
centimeter rise by 2100. This would increase the number of
people at risk of coastal flooding by 5 to 200 million, with up to
4 million displaced permanently.
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Rignot et al expect a sea level rise of 32 centimeters by 2050.

Even not including Greenland and Antarctica, we expect a 60
centimeter rise by 2100. This would increase the number of
people at risk of coastal flooding by 5 to 200 million, with up to
4 million displaced permanently.

And it’s not just people in trouble: species are already moving 6
kilometers closer to the poles each decade. The rate of
extinction will increase.
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What can we do? Slowing the rate of carbon burning is not
enough: most CO, stays in the air a very long time, though
individual molecules come and go. We need to:

@ leave fossil fuels unburnt,

@ live with a hotter climate,

@ sequester carbon, and/or

@ actively cool the Earth.


http://www.azimuthproject.org/azimuth/show/Carbon+is+forever
http://www.azimuthproject.org/azimuth/show/Carbon+is+forever
http://www.azimuthproject.org/azimuth/show/Carbon+is+forever

In 2004, Pacala and Socolow looked for ways to hold carbon
emissions constant until 2054 — not a solution, just a start!
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They said it would require 7 ‘wedges’. Each wedge is a way to
reduce carbon emissions by 1 gigatonne/year by 2054.
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Some examples of wedges (using numbers from 2004):
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Some examples of wedges (using numbers from 2004):

Wind: Replace 700 gigawatts of coal-fired power plants by
wind power. This requires multiplying existing wind power by
50!/

Solar: Replace 700 gigawatts of coal power by solar power.
This requires multiplying existing solar power by 700!

Nuclear: Replace 700 gigawatts of coal power by nuclear
power. This requires doubling existing nuclear power!

Biofuels: Making 5.4 gigaliters of bioethanol to replace
gasoline. This requires multiplying existing bioethanol
production by 50!



Conservation: Assuming the number of cars goes up from 500
million to 4 times that, make everyone in the world drive half as
much!
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Conservation: Assuming the number of cars goes up from 500
million to 4 times that, make everyone in the world drive half as
much!

Efficiency: Under the same assumptions, make all cars twice
as efficient without people driving more!

Conservation/efficiency: Cut carbon emissions by 25% in
buildings and appliances.
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My personal thoughts, right now:

Each wedge is a massive undertaking, and we need to do
seven of them just to hold carbon emissions constant.

We probably won’t bother unless conditions get worse in a fairly
dramatic way.

The floods in Pakistan covered 800,000 square kilometers,
affecting 20 million people. Suppose events like this become
more common. How many will it take before we:

1) decide global warming is to blame and

2) decide to do something very difficult to stop it?



If we wait 20 years, weather disasters and crop failures will
combine with declining oil supplies to make us change our
ways:

World liquids production: ultimate 2000 Gb
conventional + 750 Gb non-conventiona

30

o 23 G -
8 past e conventional + non- |
r_z ol production 7_- —___;‘IE'% comventional
3 ; 3 “g%
Jd g =
Ny E-y
ﬁ_ 10 _-: |Danventjmnal |_'-__ b‘:‘%‘
§ ; = -.___- ‘ﬁm
% 5 " [non-conventional e

o e [Py PR -:::::

1925 1950 1975 2000 2025 2050 2075 2100 2125
year


http://www.fossil.energy.gov/programs/reserves/npr/publications/npr_strategic_significancev1.pdf
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1. Fly less.
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My visit here will burn 0.1 tonnes. | can only justify this if some

of you decide to fly less!
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1. Fly less.
The easiest way to burn less carbon is to fly less.

One round-trip flight from Hong Kong to San Francisco burns
0.5 tonnes of carbon. This is 40% of an average human’s
yearly amount, and 8% of an average Hong Kong person’s.

My visit here will burn 0.1 tonnes. | can only justify this if some

of you decide to fly less!

But I've cut back immensely... and I’'m happier.
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2. Make conferences local, or virtual.

We should not subsidize air travel. We should make it easier for
people to give talks online and watch them online.

Let’s invent better ways for people to socialize online at
conferences.

It seems unthinkable... just like every other new thing we ever
did.
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3. End innumeracy and illogic.

We need clear thinking now more than ever. Mathematics is the
art of precise thinking.

Most mathematicians teach for a living: this is our big chance to
do something that matters.

Innumeracy and illogic can be found on both sides of almost
every argument about climate change and energy policy. | will
unfairly single out one example!



Patrick Frank, in Skeptic Magazine, said: uncertainty in
estimates of cloud cover causes a 1.1°C uncertainty per yearin

temperature predictions. So:

"By 50 years, the uncertainty in projected temperature
is £55°. At 100 years, the accumulated physical cloud
uncertainty in temperature is 111 degrees."
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4. Work with nonmathematicians.

Talk to people who work on energy technology, climate
prediction, ecology, biology. They all need help with math!

You'll need to learn new things... but you’ll get great new ideas!

The impact of math is often indirect, but that’s okay. The work
of Hilbert underlies quantum mechanics...

which underlies lasers and semiconductors...

which underlie bar code scanners, computers, and more.

Let’s see one example.



Leaves are beautiful and important
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Leaves are beautiful and important.

Water given off by leaves helps cool the air. Increased carbon
dioxide tends to close the pores let water out. So, less cooling.
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dioxide tends to close the pores let water out. So, less cooling.

Cao and Caldeira argue that if we double CO, in the air, 16% of
land warming will be caused by this effect!
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Leaves are beautiful and important.

Water given off by leaves helps cool the air. Increased carbon
dioxide tends to close the pores let water out. So, less cooling.

Cao and Caldeira argue that if we double CO, in the air, 16% of
land warming will be caused by this effect!

But CO, also helps plants grow leaves. Bounoua et al say this
effect would cool the land by 0.6° C with doubled CO..
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What'’s really going on? We need biologists to go out and study
leaves... but we also need mathematicians to think about
leaves.
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What'’s really going on? We need biologists to go out and study
leaves... but we also need mathematicians to think about
leaves.

Is there math in a leaf?

Yes! A mathematician at U.C. Davis, Qinglan Xia, has written a
paper called The Formation of a Tree Leaf.


http://www.ma.utexas.edu/users/qlxia/Research/leaf.pdf
http://www.ma.utexas.edu/users/qlxia/Research/leaf.pdf

He models a leaf as a union of square cells centered on a grid,
together with ‘veins’ forming a weighted directed graph from the
centers of the cells to the root. The leaf grows new cells at the
boundary while minimizing a certain cost function.
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The cost function depends on two parameters. Changing these
gives different leaf shapes:

i s, s
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Qinglan Xia’s work is definitely math:

THE FORMATION OF A TREE LEAF 17

Lemma 3.8. Suppose (Q,G) is an (e, k) leaf and (5, 0) = ¢y (Q,C). Then the
total mass of the Radon measure is bounded above by
M (i) < 7 (R. + h)*
and the total variation of the vector mensure © is bounded by
M(©) < en? (R, 4+ h)*~™.
Froof. Since £ C Bp, (), the mass of p is given by
M) = ()4

(e [54]-[44])

< area(Bp ok (0) =7 (R + 1)*.
Also, since w (e) < ||{2]| h* for each e £ E'((7), the total variation of © is given by
M(®) = Y wie)length(e)

ecE(C)

(191237 3" g () (w(e))® length(e)
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Will it stop global warming?
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Will it stop global warming? No.
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Will it stop global warming? No.

Not by itself, anyway. But it’s part of a conversation among
people who care about plants, and carbon dioxide, and global
warming, and the biosphere.
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Will it stop global warming? No.

Not by itself, anyway. But it’s part of a conversation among
people who care about plants, and carbon dioxide, and global
warming, and the biosphere.

It's ‘green mathematics’.
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Will it stop global warming? No.

Not by itself, anyway. But it’s part of a conversation among
people who care about plants, and carbon dioxide, and global
warming, and the biosphere.

It's ‘green mathematics’.

Just as 20th-century mathematics was driven by fundamental
physics, 21st-century mathematics will be driven by our need to
understand the biosphere and our role in it.
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Will it stop global warming? No.

Not by itself, anyway. But it’s part of a conversation among
people who care about plants, and carbon dioxide, and global
warming, and the biosphere.

It's ‘green mathematics’.

Just as 20th-century mathematics was driven by fundamental
physics, 21st-century mathematics will be driven by our need to
understand the biosphere and our role in it.

For more details, go here:

http://math.ucr.edu/home/baez/what/


http://johncarlosbaez.wordpress.com/2011/03/04/network-theory-part-1/
http://johncarlosbaez.wordpress.com/2011/03/04/network-theory-part-1/
http://johncarlosbaez.wordpress.com/2011/03/04/network-theory-part-1/
http://johncarlosbaez.wordpress.com/2011/03/04/network-theory-part-1/
http://math.ucr.edu/home/baez/what/
http://math.ucr.edu/home/baez/what/

