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Should We Be WorriedShould We Be Worried
About (Abrupt) ClimateAbout (Abrupt) Climate

Change?Change?

Woods Hole Oceanographic Institution
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Externally driven equilibrium
change
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Abrupt Climate Changes
in the past.
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The EarthThe Earth’’s atmosphere is very thins atmosphere is very thin
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Anthropogenic COAnthropogenic CO22
Sources sum up toSources sum up to

8 Billion Metric Tons per year8 Billion Metric Tons per year
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4.8 billions tons are up taken by4.8 billions tons are up taken by
the biosphere and the oceans the biosphere and the oceans ……

…… leaving nearly 3.2 billion tons leaving nearly 3.2 billion tons
in the atmosphere!in the atmosphere!
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GlobalGlobal CO CO22 Concentration Concentration & &
AirTemperatureAirTemperature

during the last 400,000 yearsduring the last 400,000 years
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The Global Carbon Cycle - 1990s
Units Gt C and Gt C y-1

The KP seeks to reduce net 
carbon emissions by about 
0.3 Gt C below 1990 levels 
from industrial countries
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…are leading to a 
build up of CO2 

in the atmosphere.

Fossil emissions ...

…and land clearing 
in the tropics...
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Global mean temperatures are rising faster with time

100   0.074±0.018
  50    0.128±0.026

Warmest 12 years:
1998,2005,2003,2002,2004,2006,
2001,1997,1995,1999,1990,2000

Period      Rate

Years  °/decade



16SIGAS 2007: The role of the Oceans on Earth's Climate

SST
Land

Land surface temperatures are rising faster than SSTs

Pachauri (2007) – WG I Contribution to 4th IPCC Report 
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Glaciers and frozen ground are receding

Area of seasonally frozen
ground in NH has decreased
by 7% from 1901 to 2002

Increased Glacier retreat
since the early 1990s

Pachauri (2007) – WG I Contribution to 4th IPCC Report



19SIGAS 2007: The role of the Oceans on Earth's Climate

1928

2004

Upsala GlacierUpsala Glacier
ArgentinaArgentina

42 Km3 ice melting per year
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2007's2007's  ArcticArctic
Record IceRecord Ice

Loss:Loss:
    1 Million Km21 Million Km2

higher thanhigher than
2005's record2005's record
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World Population
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Indicators of the Human Influence
on the Atmosphere during the Industrial Era
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Direct Observations of Recent Climate Change

Gobal mean
temperature

Global average
sea level

Northern hemisphere
Snow cover
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Attribution

• are observed
changes consistent
with
expected
responses to
forcings
inconsistent with
alternative
explanations

Observations

All forcing

Solar+volcanic

Pachauri (2007) – WG I Contribution to 4th IPCC Report 
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Elements of the EarthElements of the Earth’’s Climates Climate
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As a consequence that iceAs a consequence that ice
floats!floats!

The deep oceans are filled withThe deep oceans are filled with
liquid water!liquid water!
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Earth’s Solar Heating



31SIGAS 2007: The role of the Oceans on Earth's Climate

Poleward Heat Transport
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The Global Ocean Conveyor BeltThe Global Ocean Conveyor Belt
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The North Atlantic isThe North Atlantic is
FresheningFreshening……



34SIGAS 2007: The role of the Oceans on Earth's Climate

The North Atlantic is FresheningThe North Atlantic is Freshening……
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The Tropical Atlantic isThe Tropical Atlantic is
getting Saltiergetting Saltier
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Poleward atmospheric heat transportPoleward atmospheric heat transport
(warms the polar and cools the equatorial regions)(warms the polar and cools the equatorial regions) 
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As a consequence of the relaxed
deep ocean circulation…

• It is likely that the meteorological extreme
events associated with atmospheric
disturbances responsible for poleward
heat transport shall become more intense;

• Storm tracks shall be displaced, changing
the rainfall distribution pattern over the
continents.
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The green ocean effect:The green ocean effect:

• The Amazon rainforest has a stabilizing
effect on global climate due to:
– CO2 sink;
– Thermal regulation due to photosynthesis;
– Modulation of global atmospheric circulation

and variability.
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Earth’s Climate Stability

22
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3333

PHYSICAL BIOTIC

From: Gorshkov et al. (2000) 
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The Planet EarthThe Planet Earth
•• Human activities have induced significantHuman activities have induced significant

climate change, with lasting effects on theclimate change, with lasting effects on the
environment.environment.

•• Present-day life conditions on Earth dependsPresent-day life conditions on Earth depends
on the stabilizing effects of the forests andon the stabilizing effects of the forests and
the oceans.the oceans.

•• Never before, a change of attitude of theNever before, a change of attitude of the
humankind toward life has been so deemedhumankind toward life has been so deemed
necessary.necessary.

•• Tropical Rainforest  deforestation is a crimeTropical Rainforest  deforestation is a crime
against humanity (and the Planet).against humanity (and the Planet).
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There is still time to avoid the
worst impacts of climate

change, if we take
strong action now.

The scientific evidence is now overwhelming:
climate change is a serious global

threat, and it demands an urgent global
response.

STERN REVIEW: The Economics of Climate Change
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The benefits of
strong and early action

far outweigh
the economic costs of

not acting.

The Stern Review
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