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Global Fever

How to Treat Climate Change

1822 ' 1896
French Swedish chemist™

mathematician ~ & Svante Arrhenius
: calculated that

Joseph Fourier doubling CO2 in the
Y . atmosphere would

discovered that cause a 5°C fever.

CO2 traps heat in

the atmosphere. experts believed that oceans would absorb
fossil fuel CO2 and thereby limit any warming.

However, for the next fifty years, most;

1957 = Nice clear warning by 1958
Scripps f

oceanographer

Roger Revelle

and geophysicist

Hans Suess

showed the oceans worked
too slowly, that atmospheric
COz from fossil fuels would
surely increase fo produce
significant global warming. But thein time frame was “a few centuries before big frouble.”
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The global warming
story is usually fold via
our high-tech triumphs

— CO2 levels

— femperature

— forecast models

high growth (A2)

But I think this =

tow growtn 51) I
consiont

framing of the problem
iS a serious mistake.

But we don't need a Extreme weather
thermometer to see the evif}*é”;s,;’)“”
large climate changes

since 1950 in:

* High winds

* Major floods

» Wildfires

* Drought
Their trends alone make it clear that we

will soon be in deep trouble unless we
respond immediately.

. 113 mph gusts in northern Utah
b More high winds are
predicted for

global warming.

Utah I-15 wind 4/23/99 Credit: Marta Storwick/Standard-Examiner via Associated Press
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Why: is this a tactical mistake?

» People love to complain about: the accuracy.
of weather forecasts and assume that climate
forecasts deserve similar witticisms.

 The problem has been framed as “warming,”
but the numbers seem small.

» But heat waves are going to be | gL oBAL
the least of our problems.

This is fever and its fatal

complications.

» It's something we must: cure,

not just live with. Lﬂa'n'fc'.‘."‘:“l

50 years of global climate change
* High winds
* Heavy weather floods
» Wildfires
* Drought
* Ice melting
* Then temperature and CO2 equivalents.
» What to do — and how quickly.

Blown-over garbage tinuck, near Bill Gates" house in 1999
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G Figure 1: Tropical Cyclone Frequency in the North Atlantic
Three at once =

Avgiste 2 T Tropical storms get a name when

a2 \ i h sustained winds exceed 39 mph. A /armed
¢ E8 74 mph is when they get called
hurricanes (or typhoons, or TCs). y er’

1949-1957

High Winds

NOAA forecast: Up to 16
named storms and five
major hurricanes in 2008,

1950 2000

SOURCE: http.//www.aoml.noaa.aov/hrd/data sub/ re_anal.htm/

_— If wind speed

- for winds crcing Antaretia increases 20%,
from 50 mph
to 60 mph, the
damage goes
up not 20%

For 50 years, winds circling Antarctica have but 500%

been INCreasing, driven by both global warming and changes in [6X insurance claims]

the upper afmosphere caused by the ozone hole. (Graph by Robert:

Simmon, based on National Centers for Environmental Prediction (NCEP) Something blown loose from one

data.) building may hit another building if
it doesn't hit the ground first, giving

http://earthobservatony.nasa.gov/Study/OceanCarbon/page4.html a cascade of damage.

Antaretic Winds (mph)

Logged hillside collapse

Chehalis WA flood 2007

Heavy Weather

The heavens opened
(US government photo)
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So it'is aiglobal climate change,
Fire managers predict bad year for blazes

not merely local trouble that moves around.
Sat May 10, 2008 2:37pm EDT

Major floods per decade,
1950-2000

Floods have been increasing for 50 years. TP ————

Harm is already occurring (continued)

Wildfires in US West: millions of acres per year =
Major wildfires by decade, 1950-2000 s ptedpdcae

6X

in25

Alarmed yet? = —

The trend has been sharply upward everywhere.

:

1970 1980 1990 2000

Scurcs Mlonrn Ezosyrtem Assessment

U.S. Drought Monitor ©ctoker23,2007

intensity:
[C) DO Abnormally Dry

] D1 Drought - Moderate @

I D3 Drought - Extreme.
I D4 Drought - Exceptienal =

The two most severe drought stages are plotted next, averaged
over all of the global land surface except where ice sheets live.

Vincent van Gogh, Olive Trees with Yellow Sky and Sun, 1889




The 1983 stepwise doubling of global droughtt:

Abrupt climate change o

30%| Percent of land surface in drought
PDSEless than -3, exchodng Antactic nd Greenond
Source Dai, Trenberth, Qian 2004

-
P

20%j

10%| "\ [\ Drought area doubled

after 1982 El Nifio

1950 1960 1970 1980 1990 2000 2010

Events per year

A “All disasters" includes

* Drought™
» Earthquake
» Heat waves *
* Famine *
* Flood *
« Infestations *
* Land slides *
» Volcanic eruptions
* Storm surge *
» Wild fires * But the
O ngh winds * index
does not
y include
tornados.

http://enwikipedia.org/wiki/Image: Trends_in_natural_disasters.jpg
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A half-century of global climate change

1. High winds (up 40%)

2. Heavy weather floods (up 10x)

3. Wildfires (up 10x)

4. Drought (abrupt doubling in 1983)

5. Ice melting (Arctic sea ice down
407%, Greenland melt area up 67%)

Those who aren't alarmed yet

haven't been paying attention.
(Some try to re-frame the issues so
narrowly as to avoid mentioning those 5.)

nnual Tornado Trends @’

1600

2008 record numbers

Running Total

2008 tornados
started earlier.

———— 2005 (1264)
——— 2006 (1106)
—— 2007 (1085)
(2008 Est.)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

www.spc.noaa.gov/wem/.

Climate
Briefings

How
hot
is it? T it iy

“““ LT

William H. Calvin

University of Washington

Global-Feveriorg



peptember16.2007 Sea Ice Concentration (percent)

0 a0 100

Climate scientists have repeatedly

"A /ar.m /5-74-5- ”? underplayed threats, not overstated

them.

What has outpaced climate GLOBAL
scientists' most dire projections? | FEVER

Arctic sea ice loss

HOW TO TREAT

. Sea level rise since 1990 cLikaTe cuaner

. Carbon emissions since 1990 grew even faster
than pessimistic Business As Usual scenarios.

. Carbon emissions since 1956 (5X increase
meant that present problems took only 50
years to arrive, not 200-300 years).

Mountain
pine beetle
and forest
carbon
feedback
to climate
change

a, Extent
(dark red) of
mountain
pine beetle.

0_75 150
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. Seaice loss is 35 years ahead of schedule

Arctic sea ice
summer extent loss
compared to IPCC
projections

Arclic ice extent loss to
September 2007 compared
to IPCC modelled changes
using the SRES A2 CO2
scenario (IPCC high CO2
scenario). September loss
data from satellite observa-
tions. Data smoothed with a
4th order polynomial to
smooth out the year-to-ysar

m Satellite (1979-2007)
=75 = Wean IPCC

% CHANGE FROM 1979-1990 MEAN
®
&

[0 Most likely development variability. Chart courtesy Dr
IPCC range Asgeir Sorteberg, Bjeknes
9 Centre for Climate Research
-100 I . L . . i . and University Center at
1960 1980 2000 2020 2040 2060 2080 Svalbard, Norway.
Year

2001-2007 Mean Surface Temperature Increase (°C)
Base Period = 1951-80, Global mean rise = 0.54°C

Global increase 2xin  4xin
Greenland  Arctic

It's also getting warme
The 2003 heat wave in Europe killed 35,000 people.

Salvador Dali The Persistence of Memory. 1931




IPCC A1B  Heat Waves 2030-1990

(days)

Timothy Keeney, NOAA's .
deputy assistant secretary >

for oceans and atmo- @
sphere,. said 25 percent of m larmed
all marine species need >
coral reefs to live and yer:
grow, while 40 percent of the fish caught
commercially use reefs to breed.

Since NOAA's last report in 2005, the
Caribbean region has lost at least 50
percent of its corals, largely because sea
temperatures have risen, Keeney said.

(NOAA press release, July :
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Heat waves also kill coral.

Coral Reefs

Caribbean coral reefs suffering massive
losses in Summer 2005 heat wave

Land is warming faster than oceans.

Land is now
4 0.3°C warmer.
Land surface air temperature minus

‘sea surface temperature

relative to 1961 to 1990

-04l
1860 1880 1900 1920 1940 1960 1980 2000
—_——

1 1 | L !
1860 1880 1900 1920 1940



Global temperature change

Framing the issue

- Ahnual Mean
—— 5-year Mean

= =) ES

Temperature Anomaly (°C)
i

-4

1880 1900 1920 1940 1960 1980 2000

Global Mean Annual Temperature

Hold thermometer 1 meter above surface, average over
globe (707% ocean). The interior of continents run a fever
about twice that: of coastal areas. So for a global fever of
2°C, think 4°C for the interior (about 7°F).

With a 2° fever (likely by 2050), we lose

all of the mountain glaciers, all of the coral
reefs, and create enough climate refugees to
trigger resource wars and genocides.

A 1.6° fever will take Greenland into the local
summer temperature range that produced a 6 m
rise in sea level 125,000 years ago. (More later.)

Sea Level Rise
Refugees

Edvard Munch, The Scream
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Temperature and Solar Comparison

= |nstrumental Temperature Record
== Solar Variability (arbitrarily scaled to f't)
Il Temperature Reconstructions

s LAV After 1950,
something else

VR started to dominate. p
1600 1700 1800 1900 2000

Temperature Anomaly (°C)

Risks to regional
and global
ecosystems

3 4

Increase in Global Mean Temperature (°C)

"At a rate of warming of 0.3°C per decade
[reaching 3°C by 2100], only 30% of all

impacted ecosystems can adapt [fast enough],

and only 17% of all impacted forests.”

R. Leemans, B. Eickhout , "Another reason
] : e Alarmed yet?
Global Environmental Change 14 (2004

doi:10.1016/j.gloenvcha.2004.04.009

GLOBAL

MOW TO TREAT
CLIMATE CHANGE

What ice remained
125,000 years ago after

warming only 1.6°C (3°F)
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East and Gulf Coasts have very shallow
slopes, so a 20 ft rise goes far inlar

Jamestown VA

Photograph b

H,-

For
Washington
DC, dikes
might suffice.

But for 12,000 miles of
coastline along the gently-
sloping East and Gulf Coasts...?

6 m (20 ft)
rise in sea level

VIRGINIA
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'ALABAMA ] ’ "
1 < . 4GEORGIA

Panama City ¥
MY riilanassee

Gulf of Mexico

This is what happened

125,000 years ago when

Greenland warmed as much as

it will when global warming e

reaches 1.6° C/3° F. Wiami
Think 15 million climate refugees.
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6 m (20 ft) sea level rise at UW's Friday Harbor Lab




At least, not very
many people live in
the low-lying areas
of Washington
State.

6m / 20ft
sea level
rise

Any major downsizing
usually involves

2. Pestilence
3. War
4 Genocide

A bad time to be any kind of a minority.

Francisco de Goya
El Tris de Mayo 1808

That's the kind of world we must avoid.

Many river:
deltas in Asia
will be
inundated.

70 million
climate
refugees,

Based on SRTM30 PLUS v. 2.0
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Just from
Bangladesh.

0123 5 8 12 20
Height Above Sea Level (m) ..

Immigrants
from
Zimbabwe
are better
educated, so
favored by
employers.

lin4dis
unemployedin
South Africa.

Global warming could,
paradoxically, cause a sudden
and catastrophic cooling

Changes in
Climate

by WILLIAM H. CALVIN

10
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The price of crude oil
10X in Oﬂ/y 10 yea/"s $142 on June 27
Should qualify as an
abrupt change. in the : o (g
ccononic cimare. Climate is like a drunk:

Lefi alone), i SIS
forced 1o Ve, i Siaggers:

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

The Tordoise and the Hareis|| *~ 4% S The IPCC reports
afable attributedo = - ’
Aesop. The hare soohilef; ; Al ! fineat climate asiif
the fortoise far behind f v TR if*moved|inia

andldecided to fakeianap (7 Mty @R L stately manner!like
midway through the ks v

colrse, ihe tortoise,
crawling slowly bui:
steadily, wonifhe nace:

a tortoise.

Mhey allfassume
Thinkioftour racesfinishiline, |8 | that Th.e el
However, as'the'droploff (8 convemen‘rly

ford fiast desceniinior (M takes a long nap.
HelliSheshare jumpsiand ' .
haps, butithe tortoise’s ST el ol

progress|isislow and sure: e TP = Saje assumpon)

The 1983 stepwise increase in global drought

30%| Percent of land surface in drought

POSI less than -3, exchuding Antorctica and Greeniond
Source: Dai, Trenberth, Qian 2004

20%

10%] N[NV NV biought area doubled
There are some special [SRCERELERSINLE
situations where

Burn locally,

Figurs 2. Map levels across the

(1 parcantage of s, par avlile sod wadr PAW) 1o 10m dopth basa on cumulative menxhry Tootal and
anspration, updated from Nepstad et al. 2004. Field studies indicate that drought-induced tree mortality begins
[, PAN dociings to 30 po cont of s masimum v sk lopetad o 8. 2007 mapped here et 15 rows. S mcs-
depletion is overestimated along the Andes polation errors

crash globally

11



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

Fire and

in Amazonia

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

If a big El Nif
to Ic::s?.gfor fwloay::::, Bur‘n Iocal Iy,
rain forests would

ummgugrg  Crash globally

€Oz would rise

3 ppm per year On fop of that, a 507% increase
r/J in the rate of CO2 growth
SN //icreafiter, due to loss of
carbon sinks.

420 |

€28 Rona ol 50% increase in excess CO2
ke A vl N within a few years
ovet a few years

a0 I 1. Cyrrently
! Oz fises about
! 2 pprh per
! year
39p) !
'

38p / CLIMATE CHANGE

The Big Burn also causes
a mass extinction event:
about half of all Amazon
species will go extinct.
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How to rearrange atmospheric
circulation in only a few months
All it takes is a big El Nifo.

El Nifio (warm) 1982-83

a Nifia (cool central Pacific Ocean)
1980 1990

If a big one lasted two years instead of one....

We could
lose our
maneuvering
room and go
into a
tailspin.

Matt Collins in Scientific American 2008

Three of
the six
species of
apes live

in SE Asia ,
forests.

Here,
orangutan

and
siamang.

12
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Policies for restoring climate

1. New-style coal plants?
a. CCS has 407% efficiency hit
2. Not just CO2 but CO2e

(methane, nitrous); makes

What to do?
arto dorl e agriculture just as bad a GHG

problem as fransportation.
3. Transportation Goes Electric
4. Taking carbon out of circulation

Gulf Stream in false color

Greenhouse gas "natural cycles” w "o .
and what's happened since 1850 Sources of excess "greenhouse” insulation

methane up 130%

Spike in Methane carbon dioxide up 37% -
. . Half life
and in CO2.
. co, 200 yr CFCsY hitrous w

Since methane is > 1% 8%

23X as potent [ ] 14%

as €Oz, can . .

multiply Fossil fuel methane

trati Methune:

concentration ; CcO2 .
by 23/and add = deforestation
to COz. 56% 18%

Can do "CO2 T\ \ 109 -
equivalents” el ,Wj 1
for N20O and T ‘ i )
others. 400,000 years ago 100,000 § ’§

sjuajeainb3 z0)

3%
CO2 cement etc.

Sources of excess "greenhouse” insulation

14°/o fr’om

247% from industry

electricity

Put those
streetlights
on motion-
detector

14% from 14% from s o switches...
transport . farms 1 and use the
0 18% from % electricity to recharge

.8/'0 cutting down : plug-in hybrids and
buildings forests The lights left on, all-electric vehicles.

all night long. Eliminates the need for
a lot of oil imports.

Source: year 2000 61C via WRI, Sir Nick Stern 2006 slide
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Transportation goes electric

i
the elephant in the room

‘extra batteries, recharged

overnight in garage) . “A large issue with influence over a discussion
that is not mentioned by the participants.”

The elephant in the room is an _ Public policy makes a big difference.
Electricity Use by US State | ‘o m The case of post-1973 California under

States

per person - wonina both Republican and Democratic rule.
1973 Oil Embargo United Si
/ — ﬂ

Different S W
GTT|TUdeS California has long taken environmental
TOWGr‘d us lng issues more seriously than the United States —

as a whole. They have held electricity

1 use per person down to 1970s amounts (and
o0 1950 19%0 2000 po ' ! Cy fo saved $1,000 per family annually) while the rest

promo're a of the U.S. has doubled consumption per person.
“public good"? 1973 2002

45 IPCC's gradual, no-jump scenarios W ope . "
Alarmed ve + 4 Wor s s e g Wedges strategy for “stabilization.
= 40% of global ecosystems transformed
are re gee a Few ecosystems can adapt [ Coak 800 gigawatt-sized plants with all he
35 Extinctions of 15%-40% of endemic species carbon capure ad ermanenty
. genocide in global biodiversity hot spots
0 Widespread coral mortality I Nuckear: 700 new gigawatt-sized plants (phus replacement plants)
~20%~30% of species committed to extinction
= 15% of global ecosystems transformed L L
25 Major (=20%-80%) loss of Amazon rainforest
£ sl.ossoi»-ll!%—eﬂ%ulmm faunain S. Africa ‘Solar photovaltaics: 3,000 gigawatts peak pawer
g == i = s "
& 4 | reefs bleached
B 15 i ~10%-15% of species committed to extinction totaing 5
o ey, Sink €02 i inchudig co-generaton and heat recorery
07° 'q,'. Sink CO2 scenario Wind power: 1 millon large wind turbines (2 megawatts peak power)
_____ e e e . N
o for curing climate disease T ——
: Wind for vehictes: 2,000 gigawatts wind, with most cars pg-in ytrid
0.0- e Optimistic scenario Slockic vhicies or pure alckc vaices
-=--= Pessimistic scenario PR S T P Cellulosic biofuels: using up 1o one-sixth of the warid's cropland
—05+ 2000 2010 2020 2030 2040 2050 2060 2070
1900 2000 2100 2200 —— Observed ™ W sy o 3 v cerestaten

Joseph Romm, Nature Reports Climate Change, 19 June 2008

- 23 NOVEMBER 2007 VOL 318 SCIENCE www,sciencemag,org-
bli AAAS
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New carbon/yr

Business as usual

30 -
The Path to
20 A Climate
Restoration
10 1 2020 turnaround
to avoid 3°C fever
o b T T T =
1900 1950 2000 i 21
Finally,
climate
-10 1 Start to sink _sr;r\c;r‘rs N
inki accumulated improving.
r;llp;tj'l'n“kéng/yr carbon since 1750

A progress report

cancer

7

Vzz2Zz7722777Z

For the leading causes of death,
there has been a drop of 10-20%
injonly 6 years.

o 2001
o 2002
m 2003
= 2004
m 2005
m 2006

No change in deaths
from a fall or from
asthma-bronchitis-
emphysema (807 of;
the lung deaths are
ex-smokers).

Infections used to be the
leading cause of death.

1918 influenza pandemic

Knowledge -
driven
public health
clean water
garbage disposal
hand washing
food safety,

GENERAL KNOWLEDGE
Deaths from infections
in general fell 80%

in 45 years even

before antibiotics,
newer vaccinations.

rise from
AIDS,
antibiotic
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The Climate Optimist

J. M. W. Turner
Norham Castle

Infections used to be the
leading cause of death.

SPECIFIC KNOWLEDGE
Typhoid fever deaths
fell 95% in 12 years
even before chlorination.

In 1907, filters were installed on the
water supply in Cincinnati, Ohio.

In 1918, they began chlorinating the water.

The climate optimist  esnGLOBAL

FEVER
In the 1960s and 1970s, we

1. discovered the genetic code,
continental drift, and chaos theory,

2. put communication satellites in
geosynchronous orbits,

went to the moon,
did heart transplants,

invented the Internet, personal
computers, emai/ and spreadsheets.
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The climate optimist

» Much can happen ih only.
Twenty years.

» With our current scientific

pp-274-5 in Global Fever:

momentum, the Third
Industrial Revolution has
likely started — but now it
needs to be fast and focused.

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

1.

2. Manage the ocean to sink more CO2

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

4. Artificial photosynthesis

5. Burn biomass, capture and store CO2

6. Pipe untreated sewage to deep ocean.

Why the Climate Fix needs to
be primarily Technofix

1. Need to bypass Tragedy of the
Commons stalemates like Kyoto.

2. Need something that will prevent:

developing countries from repeating our

mistakes. Some governments will prove

incompetent so need cheap innovations.
3. Need big progress in next ten years.

— Clone and give away. existing solutions in
exchange for banning fossil fuel extraction.

7/8/2008

Climate
Briefings

FLOOD HAIKU . corer
Getting
out of
this mess

William H. Calvin

University of Washington

Global-Feveriorg

Requires a big effort up front because
1. Already in danger zone for jumps.

2. Need safety margin for later.
3. Will otherwise be on track for 3°C

Business As Usual
use of fossil fuels

A mu.S?resuHs in a warming

maintain grigec / 11°F.

maneuvering

room.  This decline in emissions |
starting in 204Q_ still
warms us b B%F;

If we reverse growth in

carbon before 2020, it
keeps us belond
0 avoids 3°C catasfrophes.

! I 1
2000 2020 2040 2060 2080 2100

Carbon emissions

in gigastonnes per year

10

5
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Hot Rock Energy

* Deep geothermal
(“heat mining")
pumps down
water, gets steam
back up to run
steam turbine.

No pollution, small
footprint, steady.

el output.
b e R I JPS Al - Also suitable for
water is circulated to G .
pickup eat 27 developing somnt

S Tioal de tries
Just google: % countries.
“MIT geothermal reporty’/ ermaen

o

400°F pizzaoven -

Hot Rock
Geothermal

Nikola Tesla, 1901

B e Thanks to science, we have good abilities
U Y| e fable is from to look ahead — and backpaddle furiously.

epund  view  sde  downs  pant  needd 00, Chapter 19 in — : — g Sk St

| Sl . A — T
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Global-Fever.org e e

N Opinionated. Likely lobul-Fever.org).

: 2 2 President Franklin D. Roosevelt used the metaphor
URGENT Ther'e IS not fime fOI" of a “four alarm fire up the street” that needed to

mass education or for be extinguished immediately, whatever the cost.
res ear'Cth a bCST or SGf@ST From a standing start in late 1941, the automakers
SOIU'H oh to our Cll mate crisis. converted—in a matter of months, not years—more

than 1,000 automobile plants across thirty-one

We are al r'eady info a states . . . In one year, General Motors developed,

tooled, and completely built from scratch 1,000
planeTar‘y emer‘gency Clnd must Avenger and 1,000 Wildecat aircraft . . . GM’s duck

res pO nd wit h T h (2 Vlg or wit h “was designed, tested, built, and off the line in ninety

days’ . . . Ford turned out one B-24 [bomber] every

which countries have prepared PRl
fOI” war. —Jack Doyle, Taken for a Ride, 2000

Now there's a source of optimism: We did it before.
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The End

My booksiand fialks
may. be found at:

WilliamCalvin.com

GLOBAL
FEVER

* HOW TO TREAT 4

CLIMATE CHANGE

7/8/2008

18



