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What choices are we making, and how long could they last?




The World Has Warmed

Trend 1901 to 2005
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2008: 10th warmest

Widespread warming has occurred. Globally averaged, the planet is about 0.757?; C
warmer than it was in 1860, based upon dozens of high-quality long records using
thermometers worldwide, including land and ocean.

IPCC WG1 (2007)




puilds upon past assessments and incorporates new #es
ndings from the past six vears of research. Advances
iclude large amounts of new data. more sophisticated

nalvses of data. improvements in phvsical understand
nd simulation in models. and more extensive explorat
N uncertainty ranges.

¢

P, S
_,{““I:JH? H?.;:—

_._-_'J’Ilr



Many Changes Signal A Warming World

Warming is

Unequivocal

~ucuoi in NH snow cover

Arctic sea
decreasing

Extreme temperatures
Increasing

IPCC WG1 (2007)




Global Average Climate Change
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Human Drivers of Climate Change:
Unprecedented

CARBON DIOXIDE

e A critical greenhouse
gas

e Dramatic increase in
iIndustrial era, ‘forcing’
climate change

« Higher concentration
than for more than
600,000 years

IPCC WG1 (2007)




A World of Change:
More Rain for Some, Less for Others

Regional changes (+/-) of
up to 20% in average
rainfall.

At mid to low latitudes, dry
get drier, wet get wetter.

Dust bowl and other major
droughts of the past: 5-

15% less rain over 10-20
yrs.

(2090s: medium emissions
scenario; 2/3 of models
agree in colored areas, 90%
agree in stippled areas)

DJF seasonal precipitation

IPCC WG1 (2007) SPM




UNFCCC and Science

Some Factors That Give
Governments and the Public The
“News They All Can Use”

e observed changes are already
occurring, and there is evidence
for anthropogenic contributions

to these changes

e the phenomenon is based
upon well-understood physical
principles

e iInformation is robust across
available models

Can we do better in presenting
and characterizing what we
know, as distinct from what is
more uncertain?




Beyond the 21st Century

IPCC, WG1 (2007), chapter 10

EMICs:
New Tool
to Probe
the Very
Long Term

UNFCCC
Article 2:

Stabilization of
GHG at a level
that avoids
‘dangerous
Interference’.

Article 3:
emphasizes
“serious or
REVEIRE
damage”




Stop Emissions Completely: Can The World Return to A

Natural State?

Note: no

IPCC, WG1 (2007), chapter 10 9geoengineerin
g considered...

See also Lowe et al, 2009

One test: ramp
towards 750
stabilization,
then stop.

450 ppmv left
in 3000

Warming
remains

constant
?<0.57?; C for
more than a
thousand years
(irreversible for
that time).




Carbon Cycle: It Really Is A Cycle

Some man-
made CO2
goes (in the
short-term)
from the
atmosphere
(0]
vegetation,
surface
ocean.

Long term
sink Is deep
ocean. It's
very slow.




Carbon Dioxide Is A Unique Gas: Multiple Timescales

CO, dissolves in
seawater to acidify the
ocean (1). Dissolution
IS limited by buffering.
Added carbonate (eg
rock weathering) can
take up more but
weathering is slow (2).

(1) CO, + H,0O <-> H* + HCOg Initial step

(2) CO, + H,0 + CO; 2<-> 2HCO; ~100,000 years

Archer (many papers); review in Solomon et al., PNAS, 2009; Revelle and Suess 1957




Carbon Cycle: Gts And ppmv

* About 50% of human CO2 emissions (Gts) retained in
atmosphere each year (airborne fraction or ‘instantaneous
Revelle factor’).

e Long-term human CO2 Gts retained will be 20%, due to
well understood processes in the ocean (Revelle factor).

e Long-term
concentration retained
will be 0.2/0.5, or about
0.4 of the peak
concentration
enhancement above
pre-industrial value of
278 ppmv.

Solomon et al., PNAS, 2009




Carbon Sink and Heat Transport: Links to Deep Ocean

Linked physics and
relationship to
timescales for both (i)
carbon and (ii)
climate system inertia
(also SLR due to
thermal expansion).




Carbon Sink, Heat Transport,
Climate Change, and Sea Level
Rise Due to Thermal Expansion

Broad range of test cases:

» Every year of climate change that
occurs (warming, precip, Snow cover,
sea ice retreat, ocean acidification,
etc...) due to carbon dioxide increases
IS Irreversible for at least 1000 years.

» Sea level rise due to ocean expansion
IS slower, but is irreversibly linked to the
peak CO2 we reach in the 21st century.

Solomon et al., PNAS, 2009




Irreversible Precipitation Changes

White: fewer than 2/3 of the models
agree; colors and gray >2/3

e 5t0 10% per
degree of warming
In e.g., Southern
Europe, North
Africa, Western
Australia, SW North
America, South
Africa in the
respective dry
seasons. Forever.

 Compare to ‘dust
bowl’ or other major
droughts, typically
5-15% over 10-20

years.

Solomon et al., PNAS, 2009




Precipitation Change: How Far Will We Go?

/

Best estimate of 21st century choices.

. i Solomon et
The longer we wait to act, the more rainfall change  ,, pyas

we will be locked into. 2009




Carbon Dioxide Emission From Fossil Fuel Burning

Who?

Source:
Energy
Information
Agency, DOE




Why: Going, Doing, Making, Being
Comfortable

In short, just about everything.




Chad
Cambodia
Mali

Ethiopia
Madagascar
Gambia, The
Zambia
Bangladesh
Kenya
Ghana

Kiribati
Nicaragua
India
Indonesia
Brazil

Gabon
Mexico
China
Hungary
France

New Zealand
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Japan

South Africa
Germany
Denmark
Belgium
Saudi Arabia
Canada

United States
Australia
Luxembourg
United Arab Emirates

Carbon Dioxide Emission From Fossil Fuel Burning

Ratio of US per person emission/country of interest

5.5 B people
now in the
developing
world emit about
5x less fossill
CO, per person

than the 1B in
the developed
world

i 1 10 100 1000

Source: Energy Information Administration,
US DOE 2006






Some Things | Hope You'll Remember About Climate Change

-Caused mainly by different long-lived gases produced by people
via a well understood physical mechanism. CO, from fossil fuel
burning is (by far) the main climate change agent.

-Abundant data for at least a century, carefully calibrated, show the
changes in the industrial era.

-Rainfall changes with climate change would affect many people
and ecosystems. Droughts like the dust bowl would be
widespread.

-Climate changes from CO2 emissions should be expected to last
more than 1000 years (unless we find a ‘miracle cure’ to remove
CO2)

-Climate change challenges us to think beyond our own
backyards.




Thanks for your attention




