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The Great Use-it-or-lose-it Intelligence Test Albedo: bright clouds, deserts, ice, snow

How Bright the Earth

. 50 years of climate change already
. Getting into Hot Water

. Sea Level Rise

C0O2, CH4 rise, CO2e

. Fossil Fuel CO2e pie chart

. Taking CO2 out of circulation

. The Tortoise & the Hare

. The Need (and Ability)

to "Turn on a Dime.”
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Utah dust blown onto Colorado’s Rocky Mountains
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180 kph wind gusts in northern Utah
More high winds are predicted
as global warming increases.

. There is already Théee at once
Hurricane-ready MORE EXTREME ~ Aowreoos

waters WEATHER: e
* High winds
because land

warms more

than ocean.
* Heat waves
* Floods and

landslides

When trade winds are especially strong, the warm ¢ D,roug.hfs and
surface waters pile up in the western Pacific Ocean. wild fires

Gradual changes may Delay the spring rains by

produce gradual amonth—and lose the NONLINEAR:

responses but if ‘rhey second crop. Flip to half.

point, things can Fip. T P As the wind
speed increases
20%, from 50
mph to 60 mph,
the damage
goes up hot
20% but 500%.

[6X insurance claims] ' 3

Blown-over garbage truck, ]
near Bill Gates' house in 1999

More m floods since 1950 Global drought took a step up

after the 1982 El Nifio. Drought areas November 28, 2006

Major floods per decade, Pf.;::n'. .'.';“:., :I:g;
1950-2000 : e o s
This is why it's called global climate change. T—-25%
Fory
00
B T A i e e 15%

Burke et al 2006, so winwsis |
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El Nifio (warm) 1982-83 1997-98
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There's 3 consistent 50-year upward trend in every region except Oceania,

La Nifla {coo! central Pacific Ocean)

IPCC report 2007 ] 1970 1960 1990 2000 L
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Drought Monitor ©cobe 16,2007
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Areas with Mediterranean
Climates are in drought trouble

With drought and heat comes more fire.

A Western US Forest Wildfires and Spring-Summer Temperalure

Temperature

1970

More major wildfires since 1950

Marisas of aeaen

Major wildfires by decade, 1950-2000 Dty e

e

=
L i
Ocwaria

The trend has been sharply upward everywhere

IPCC report 2007"%

Western Australia desert

holds water in dry season
RED parched in dry season

B Perth reservoir inflows dropped 50% after 1975,
Dropped to one-third in 1997,
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Oceans around the
world are warming

Mount Pinatubo 1991 OCEAN pH: The growth problem

82+  QOcean acidification from atmospheric €02

H
P Coral reef crumbles as skeleton
is reabsorbed into seawater.

¢ Mt. Pinatubo
o, sulfates
r0.2°c reflected )4
sunlight] 4 Qcean pH has already

fallen by 0.1 pH unit,

Models by the UK's Hadley Centre ™\ The model suggests

show additional acidification as N thatanother 0.2

80 ocean COZ continues to increase. N, isinstore for

\\ later this

Laboratery studies show that the ~,  cenfury.

I i shell-forming plankton may stop making
E oy : -0.2°C shells at lower pH, thus stopping N
3 , : the "biclogical pump” that sinks carben N
X and makes limestone on the ocean floor, \\
. from Curry et ol 2008) | e T e e 7.8 L L L L A
o 1975 i 1935 e '1'99'5' o '2'005 | The natural means of injecting sulfates into the stratosphere. 1850 1900 1950 2000 2050 38100

Getting into hot water

£

Coral Reefs ‘ , Caribbean coral recfs suffering massive

o7y losses in Summer 2005 heat wave

l.noaa.gav

21s*-century 1-2°C warming
beyond 1951-1980 average

GREENLAND areas of
o increased surface melt
1970-1999 average in Summer 2005.

_ _ : But the real way
The Arctic Greenland loses ice is by
floating sea ice y <X ; sliding chunks of it into

that remained in

September 2007 the ocean, instantly

raising sea level.

No sea level rise.
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Greenland ice 3000 m high

stream is
8 km wide

Advances 30 to 40 m each day,
twice as fast as a decade ago.

125,000 years ago after
several degrees of fever,

Inundation for a sea level
rise of 6 m (20 ft)
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Inundation for a sea level
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.5.

rise of 6 m (20 ft)
There are 12,000 miles
of coastline on the Gulf

and East Coasts.

*

This is what happened -
125,000 years ago when
Greenland warmed as much as
it will when global warming
reaches 1.6° C/3° F.
Think 15 million climate refugees.

USA: Florida
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The average
elevation in
the Maldives is
only 1.5 m
above sea
level.

330,000
people are
living on the
edge.

Inundation for a sea level
rise of 6 m (20 ft)

My %1

* NEW YORK

PENNSYLVANIA %

VIRGINIA

JNORTH C,

150 km incursion '%
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6 m (20 ft)
risein
sea level
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Many | .

river deltas |
in Asia will be
inundated.

70 million climate

refugees, just B 12 35

20

from Bangladesh. Height Above Sea Level (m) ..
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Human Ac‘r:vmes that Create Excess CO2
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Rains clear out sulfates |
within several years.  jnane w 130%—s]
Spike in Methane xicke up 3T% —y
LIS Methane half-life is /f
g 2 co:
Since methane is about six years but it 2

PEVEHOORY /s several centuries |, f
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concentration ) | . |\ r
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others. 460,000 years ago 100,000 égség
Fossil fuel uses Industry (14%)

i
Power &

(24%) 4 Other energy

related (5%)
\ Wast_e (3%)

Transport *
(14%)

Agriculture
(14%)

Buildings .
(8%) g Equivalents
Land use (18%) to GHGs
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Converting
Commuters

1. Plug-in hybrids
and all-electric
vehicles

il 2. Hydrogen
produced by clean
electricity

3. Compressed air
vehicles, again using
clean electricity to
produce an inter-
mediate mobile fuel.

Electricity seurces in the US
Power increased 140% in 32 years

¢ Need several gigawatts of new clean
power every week (and that's just for
new demand in China alone, much more
for replacement).
— Even more as substitute electricity for gasoline

» Solar and wind are, alas, not on that
scale, and unstable electrical grids
mean that they need storage to smooth
out the current they provide.
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Air car

(with free
air cooling)

India’s largest automaker is set to

start producing the world's first
commercial air-powered vehicle.

“Some 6,000 zero-emissions Air

Cars are scheduled to hit Indian

streets in August of 2008. This six-

seat taxi is powered entirely by a

tank filled with compressed air.” Air engine,

run b
recompress air overnig] EWBpular MecharM:

Electricity sources in France e
| Power increased 260% in 32 yeors

9% is from
fossil fuels

Fydrothectric 2.7

3rd generation Rt biomass 262%
STQndGI"d ! Zed Five more nuchear-sized

nuclear power [Pk
plants can be R
cloned in 2-3
years. Safer

than hydro.

on

U.5. energy (all uses): Where it comes from

Fossil fuel uses Industry (14%)

{P,%v;f]r Other energy

\ related (5%)

Transport
(14%)

Buildings o
(8%)

MOST OBVIOUS: Adopt the strategies of the successful

12,000 | |-+ United States
~4~California

California has long taken environmental
4000 _ 4y issues more seriously than the United States
KWh as @ whole. They have held electricity
per use per person down ta 1970s amounts (and
person saved $1,000 per family annually) while the rest
of the U.5. has doubled consumption per person.

1960 = 1973 i 2002

Hot Rock Energy
T + Deep geothermal

("heat mining")
kbl DUMPS down
: S| \water, gets steam
back up to run
_ steam turbine.
e < No pollution, small
g 8l footprint, steady

2 x'ﬁx@

recireulating injection pum

The water gees down

output.
o v whien * Also suitable for
water id tredated to .
ok het 3 i developing
| 15 e e ;
Just google: % e 3 2 countries.

"MIT geothermal report™’;
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Waste (3%)

| Agriculture
/ (14%)

Equivalents
Land use (18%) to GHGs

(decreases can
mubtract frem
emigziond)
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Oceans already do half of the world's
photosynthesis, CO2 to O2

Aarch 21 - June 20, 2006

Chlorophyll Concentration (mg/m?)

0.01 0.1 1.0 10 20
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Waste (2%)

‘\ 140/° :&ar‘liulture
18"/\

Equivalents

Land use{‘lB:{JJ to GHGs
e foom
emisgiond)

Transport
(14%)
il for vehicles

REDUCING EMISSIONS IS NOT ENOUGH:
Must take excess carbon out of circulation

1. Plant many more trees

2. Manage the ocean to sink more CO2

3. Wave-driven pump fo carry surface
waters down to depths.

4. Artificial photosynthesis

5. Burn biomass , capture and store CO2

L. 3

Winds sweep
aside surface

waters to .
esplankt

cause upwelling |BEeEs
of nutrients

COLUMBTA RIVER plume

So while burning fossil fuels is two-
thirds of the problem, much of the
rest is associated with agriculture.

Certainly, many of the opportunities
to fix our global climate lie in the
agricultural sector because there is so
much “low-hanging fruit” there,
irrigation, plowing, and fertilizer
practices being what they currently
are.

Could get more
carbon sinks from
more forest...

but when the
climate forecast is
for hot, dry, and
windy...

it is too easy for
fire to quickly put
your sequestered
carbon back into
circulation.

So not reliable. |

The Sirocco wind blows from the Sahara desert in Africa, can reach hurricane
force, and often brings dust to southern Europe—and to the Mediterranean Sea
surface. -

Tron ;
fertilization [

sand dunes

But what we
really want is
to sink the
carbon for a
long time....
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The “biological pump” sinks CaCO3

[3E-1

Emitiania

Helicasphaera L Oolitines

G

Caleidiscus  Rhabdos,

O

Braardasphaera

Coccolithophore
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The IPCC reports
treat climate as if
it moved ina
stately manner like
a tortoise.

They all assume
that the Hare
takes a nap.

That is not a safe
assumption.
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SINKING SHELLS: A major way of taking carbon
out of circulation for millions of years.

The Tortoise and the Hare is |58
a fable attributed to
Aesop. The story concerns
a hare who one day
ridiculed a slow-moving
tortoise. In response, the
tortoise challenged him to
arace.

The hare soon left the
tortoise far behind and
decided to take a nap
midway through the
course. The tortoise,
crawling slowly but
steadily, won the race.

The Amazon is drying & burning under the influence of
deforestation & climate-change-induced drought

B e T Pt

Allantic:
Ocean

Just after 1998 El Nifio  Nepstad et al., Forest Ecology & Management 154, 2001 *
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Salps sink
carbon

in heavy fecal
pellets, take it
to the ocean
depths, out of
circulation for
a million years.

The "Vacuum Cleaner of the Oceans"”

The people who study the abrupt climate
shifts of the past have an aphorism:

Climate is like a drunk:
Left alone, it sits.
Forced to move, it staggers.

A big El Nifio dries out the rain
forests of Amazonia, Borneo

El Nifio (warm) 1982-83 1997-98

=L ‘l_ﬂ_d‘u__ = ‘H A_(J“ “—.—J e

o
015

200

La Nifa (coal central Pacific Ocean)
1970 1980 1990

If a big one lasted two years instead of one....
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If a big El Mifo were

olrliedvubls|  Hypothetical Big Burn

| rain forests would
beco

On top of that, a 50% increase
in the rate of CO2 growth
thereafter, due to loss of
carbon sinks.

40% increase in excess CO2
within a few years
GLOBAL
FEVER

Borneo ape species

IPCC's gradual, no-jump scenarios

> 40 Major pusnctions sround the glote
= 10% of global ecorystems tansiormed

Climate refugees, war,  Jorrrr ey

7 ¥ ge'\oCideS 2!;::'10‘ li‘i—la*-'-uimdemwﬂ
E g [, D mlt\lﬂtolahnnlhlllr
] S0 o i et 1 swincrion
Rk (;:2[]°,"u—8[]°fu) loss of Amaznn rainforest
e Rl A AL
o (i oo
= Loss of glaci coral reefs  puaireets bisached
g 15 =10%-15% of species committed b extinction
E A *., Sink CO2 L5 of % of st ish habital in . America
0.7 ey,
E —————— 7= Major (+20%—80%) loss of Amazon ramfnrest
05: o o=
il Sink COz scemrlo
004, e Dytimistie scenario
2 = Pessimistic scenaria
0. boe
1900 2000 2100 2200 Duseries.

23INOVEMBER 2007 VOL318 SCIENCE wwwsciencemagorg .,
P &
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If a big El Nifo
o last for two | EI ks (warm) 19828 190798
| rain forests wo

20
become very dr| ¢ ‘
pr eae el .-‘Hw., yihs w“n““vL —

'
L by fzool camal Pagific Dgean)

1790

1973, 1983, 1998, 202?...
10 15 10+
but no one yet understands
the big El Nifio cycle (if
there is one) or -GLIJBtI..
what determines
il its duration. FEXER
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The Window of Opportunity is Rapidly Closing

At a time when architects are thinking ahead
to more efficient buildings and power
planners are extolling the virtues of
“renewable energy,” the climate modelers
have discovered that long-term planning will
no longer suffice.

Our fossil fuel fiasco has already painted us
into a corner such that, if we don't make
substantial near-term gains in ten years, the
long-term is pre-empted,

The Big Burn also causes
a mass extinction event:
about half of all Amazon
speaes will g0 extinct.

-y

While they say very little
about the sudden things
that might happen, as
when rain forests suffer
a Big Burn, the 2007
IPCC reports tell us what
the 2100 future will be
like if the new climate
evolves sfowly—and that
now shows that there is
only a ten-year window
for effective action.

Too much long-term thinking? Just stalling?

Carbon emissions Business As Usual
in gigastornes per year use of fossil fuels

results in a warming
of 6°C / 1I°F,

decline in

If we reverse growth in
corbon before 2020, it
keeps us below 2°C and
avoids 3°C catastrophes.

2000 2020 2040 2060 2080 2100

October 22 — Carbon dioxide in the atmosphere is

increasing faster than expected, with emissions 35 percent
higher in 2006 than in 1990 — a much faster growth rate

than anticipated, researchers say. (Associated Press) 3
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Some good reasons for optimism

1. Can do the near-term
with existing technologies
(if we act quickly).

2. 6ood longer-term power
solutions are already designed
and the 3rd Industrial Revolution
should provide more.

3. We can indeed "Turn on a dime"
when we need to. -

The Great Use-it-or-lose-it Intelligence Test

The public interest
requires doing today
those things that men
of intelligence and
goodwill would wish, five
or ten years hence, had
been done.

- Edmund Burke

Global-Fever.org WCalvin@U.Washington.edu

Three existing technologies, in combination,
could solve the near-term part of the problem.

1. Plug-in hybrid vehicles so daily commute is
mostly from the electrical grid. Start
retiring supertankers.

2. Start building enough nuclear & geothermal
power plants to retire old coal plants.

3. Subsidize countries apt to modernize, using
their own coal or oil, by drilling deep
geothermal wells for them.

DO THIS WORLDWIDE, and emissions growth

will stop by 2020, limiting overheating to 2°C

My books and talks
may be found at:

WilliamcCalvin.orqg 822

Edvard Munch, The Scream
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President Franklin D. Roosevelt used the metaphor
of a “four alarm fire up the street” that needed to
be extinguished immediately, whatever the cost.

From a standing start in late 1941, the automakers
converted—in a matter of months, not years—more
than 1,000 automobile plants across thirty-one
states . .. In one year, General Motors developed,
tooled, and completely built from scratch 1,000
Avenger and 1,000 Wildcat aircraft . . . GM’s duck
“was designed, tested, built, and off the line in ninety
days’ . .. Ford turned out one B-24 [bomber] every
63 minutes.

—Jack Doyle, Taken for a Ride, 2000

Now there's a source of optimism: we did it before.

11



