Climate sensitivity and response time depend upon climate
feedbacks, which are changes in the planetary energy balance
induced by the climate change that can magnify or diminish
climate response. Feedbacks do not occur immediately in
response to a climate forcing; rather, they develop as the
climate changes.

Fast feedbacks come into play quickly as temperature changes.
For example, the air holds more water vag)or‘ as tfemperature
rises, which is a positive feedback magnifying the climate
response, because water vapor is a greenhouse gas. Other fast
feedbacks include changes of clouds, snow cover, and sea ice. It
is uncertain whether the cloud feedback is positive or negative,
because clouds can increase or decrease in response to climate
change. Snow and ice are positive feedbacks because, as they
melt; the darker ocean and land absorb more sunlight.

Slow feedbacks, such as ice sheet growth and decay, amplif
millennial climate changles. Ice sheet changes can be treated as
forcings in evaluating climate sensitivity on time scales of
decades to centuries.

+ Most of energy imbalance has been heat going into
the ocean. Sydney Levitus has analyzed ocean
temperature changes of the past 50 years, finding
that the world ocean heat content increased about 10
watt-years, consistent with the time integral of the
planefary energy imbalance.

+ Levitus also found that the rate of ocean heat
storage in recent years is consistent with our
estimate that the energy balance of the Earth is now
out by 0.5 to 1 W/m?. Note that the amount of heat
required to melt enough ice to raise sea level 1 m is
about 12 watt-years (averaged over the planet),
energy that could be accumulated in 12 years if the
planet is out of balance by 1 W/m?.

+1 Note that 1 J = 1 W:s, the number of seconds in a year = 1 x 107, and the surface
area of the Earth = 5.1 x 10'8 cm?; therefore, 1 watt-year over the entire surface of the
Farth =161 x 1022 ]

Ice melting. assume that the 10 cm rise in sea level
between 1950 and 2000 was due to melting ice (thermal
expansion of warming ocean water contributes about half
of the rise, but thiserror is partly balanced by melfmgf
sea ice and ice shelves, which do not raise the sea level).
If the initial temperature of the melted ice was -10 °C
and its final tfemperature was that of the mean ocean
surface (+15 °C), then the energy used is 10° cal/g (80
cal/g for melfin%). The heat storage is thus 10 g/cm?2 x

0% cal/g x 4.19 J/cal x surface area of Earth g~5.1 x 1018
cm2) x ocean fraction of Earth (~0.71) # 1.6 x 1022 J ~ 1
watt-year.

Air warming. for a 0.5 °C increase in air femperature,
the heat storage in the air is: 0.5 °C x the atmospheric
mass of air (* mass of 10 m column of water & 1000
g/cm?) x heat capacity air 8’8 0.24 cal/(g-°C) x 4.19 J/cal
x surface area of Earth # 0.26 x 1022 J"~ 0.16 watt-year.

Land warming_The mean depth of penetration of a thermal
wave into the Earth's crust in 50 years, weighted by AT, is
about 20 m. If the Earth's crust has a density of ~3 g/cm3
and a heat capacity of ~0.2 cal/(g-°C), and the fractional
land cover'azge of Earth is about 0.29, then the land heat
storage is 2 x 103 cm x 3 g/cm? x 0.2 cal/(g-°C) x 0.5 °C x
4.19 J/cal x surface area of Earth x 0.29 2 0.37 x 1022 J »
0.23 watt-year.

Ocean warming. Levitus found a mean ocean warming of
0.035 °C in the ugper 3 km of the ocean. The heat sforage is
thus: 0.035 °C x 3 'x 105 %/cmZ x1 cal/gx 4.19 J/cal x
surface area of Earth x0.71 # 16 x 1022 J ~ 10 watt-years.
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Anthropogenic and natural forcing of the climate for the year 2000, relative to 1750
Global mean radiative forcing (Wm-2)
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See also:

http://www.junkscience.com/news/robinson.htm
http://www.ncpa.org/ba/ba230.html
http://www.ourcivilisation.com/aginatur/moregw.htm

http://iglobalwarming.info/?gclid=CMit29bE84ICFUKAEA0dgCAksQ
http://www.ipcc.ch
http://www.metoffice.com/education/links.html#warming

Cost benefit analysis

+ The UK's experience allows an analysis - between
1990 and 1999, the UK's greenhouse gas emissions fell
by over 13%, the UK economy grew by 49%,
employment increased by 4.8%, and UK greenhouse
gas emissions intensity fell by 42.6%.

+ The cost of a 60% cut in UK emissions would be
roughly equivalent to the loss of 6 months growth
over 50 years against a backdrop of a tripling in
wealth. In other words, people in 2050 would have to
wait only an extra 6 months for incomes to reach the
level they would have been at if no action were taken.

The global climate of the 21st century
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The development of climate models, past, present and future
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More time constants

* To allow a proper cost analysis we must
also include correlated effects with
vastly different time domains - and
differing certainty of effect scales.

Impact of stabilizing emissions versus stabilizing concentrations of CO,
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What causes the sea level to change?

Terresirial water storage,

seepage into aquifers
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Global average sea level rise (1990 - 2100)
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Relative sea level over the last 300 years
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There is a wide band of uncertainty in the amount
of warming that would result from any
stabilized concentration of greenhouse gases
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Global costs of extreme weather events (inflation-adjusted)
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Projections of marginal cost in Annex l countries.
in the year 2010 from global models
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What will it cost to stabilize CO, concentrations?
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» UN unveils plan to release untapped wealth of...$7
trillion (and solve the world's problems at a stroke)

+ By Philip Thornton, Economics Correspondent Global average GDP reduction in the year 2050
* Published: 30 January 2006 The Independent
» The most potent threats to life on earth - global warming,

Percentage reduction relative to baseline
45

Scenarios:

health Bandemics, poverty and armed conflict - could be e
ended by moves that would unlock $7 trillion - i
$7,000,000,000,000 (£3.9trn) - of previously untapped m

wealth, the United Nations claims today.

+ The price? An admission that the nation-state is an old-
fashioned concept that has no role to play in a modern
globalised world where financial markets have to be
harnessed rather than simply condemned.

+ In a groundbreaking move, the UN Development EventsalCO- stabl zatonlevell(pom)
Programme (UNDP) has drawn up a visionary proposal
that has been endorsed by a range of figures including
Gordon Brown, the Chancellor of the Exchequer, and
Joseph Stiglitz, the Nobel Laureate. @)

* It says an unprecedented outbreak of co-operation WAIO
between countries, applied through six specific financial

tools, would slice through the Gordian knot of groblems
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Risks of climate change damages would be reduced by stabilizing CO, concentrations
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