
continued growth in 
greenhouse gas emissions 
(mainly carbon dioxide and 
methane)

atmospheric concentration 
of greenhouse gases
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the atmosphere to retain 
more heat energy

..a rising 
average global
temperature...

Possible Climate Tipping Point Cascades v. 2.0
Example
As the concentration of CO2 in 
the atmosphere increases, the 
average global temperature has 
been increasing. Temperature
increases in the polar regions 
will likely accelerate the melting 
of the huge West Antarctic Ice 
Sheet (one of the tipping points).
This could raise sea levels 
around the world by up to 5 
meters (~16 feet), which in turn 
could speed the melting of the 
Greenland Ice Sheet (another of 
the tipping points).

What is a climate tipping 
point?
Climate tipping points are large,
disruptive natural phenomena 
(usually occurring in a specific 
region) that could lead to more 
rapid and abrupt regional and 
global changes in climate. They
are tightly linked by feedback 
loops that are likely to cause 
self-reinforcing, accelerating, 
and potentially irreversible 
climate changes. Schellnhuber 
(2004) has identified 11 major 
natural phenomena he calls 
possible tipping points.

Major consequence or outcome that results 
from the changes caused by a tipping point 

Indicates the direction of a process in the 
diagram

Indicates the specific tipping point 
phenomena

Key

Both of these tipping points 
increase sea level, which 
could melt the eastern Siberian 
Permafrost (a third tipping 
point), causing the release of 
large amounts of methane gas.
The methane gas release 
would significantly increase 
the greenhouse effect and 
further increase average global 
temperatures. This is just one 
example of how global 
warming can bring about a 
cascade of different climate 
changing events illustrated in 
this diagram.

Introduction
This diagram outlines the 
possible inter-related effects
that 11 climate tipping points 
may have on each other 
causing them to "cascade." 
The arrows represent 
(usually) some theoretical or 
empirically-based causal 
influence.

Simplified
This is a simplified diagram 
that does not represent all of 
the possible feedback loops 
in the climate system.

accelerated melting of 
the permafrost in the 
Arctic

...potentially
contributing to...

Decreased
absorption of CO2 by 
the phytoplankton, in 
the ocean

...causing...

...likely causing...

...likely causing...

...increasing...

...increasing...

the amount of rainfall over 
the Amazon Rain Forest

the amount of trees and vegetation 
rotting and decomposing

...likely decreasing...

...causing...

large quantities of carbon dioxide 
and other greenhouse gases into the 
atmosphere

...releasing...

Modeling suggests 
the Amazon could 

release as much 
CO2 as the 

20th century's
total fossil fuel

output
Whitty, 12/06, p49

...causing...

The spread of
vegetation
over the 
Sahara Desert

the amount of rainfall 
over the Sahara Desert

the amount of sand & nutrients 
blown into the atmosphere, and 
over the Atlantic Ocean

The Sahara
occupies

3.5 million
square miles
(9 million cubic km)

of Northern Africa
Sample, 10/14/04

Modeling suggests the
Sahara could receive

1-2 inches
(1.2 mm per day)

more rain,
per month

during July-September,
between 1980 & 2080

Adams, 09/16/05

...decreasing...

...decreasing...

...decreasing...

...potentially
accelerating...

the amount 
of fertilizing 
nutrients
arriving in 
the Amazon

Accelerated
melting of the 
West Antarctic
Ice Sheet

dilution of the salty North Atlantic
Ocean with very cold, freshwater

thermal expansion 
of the oceans

a decreasing difference in salinity & 
temperature between the surface 
currents and the deep ocean currents

Increase
in average
global sea 
level

The temperature of
the North Atlantic

ocean

rose 1.7
degrees Fahrenheit
(0.9444 degrees Celsius)

above the 1901-1970 
average

Whitty, 12/06, p48

West Antarctic Ice 
Sheet contains
7 million

cubic miles of 
ice

(29.2 million cubic 
kilometers)

Whitty, 12/06, p100

If the Greenland 
ice-cap melts,
sea levels will 

rise by

almost 23 feet
(7 meters)

NS, 02/12/2005

Status: West Antarctic Ice 
Sheet melting

How likely? Unclear
When? Could already be under 
way
Has it happened before? Yes;
maybe 100,000 years ago
Reversible? Not without an ice-
age

NS, 02/12/2005

...causing...

...causing...

...causing...

If the West Antarctic
Ice sheet melts,
sea levels will 

rise by

over 16 feet
(5 meters)

NS, 02/12/2005

...causing...

...causing...

Accelerated
melting of the 
Tibetan
Plateau in 
Western China

Increased
intensity of
the Indian 
Monsoon

the amount of land 
exposed from the 
retreating glaciers

increased air 
temperatures of 
central Asia (W.
China, N. 
Himalaya, etc.)...

a larger difference in 
the temperature of the 
northern Himalaya and 
the Indian Ocean.

The Tibetan Plateau 
covers

1 million
square miles

(2.59 square kilometers)
Whitty, 12/06, p50

The Tibetan Plateau
occupies

1/4 of China
Sample, 10/14/04

...increasing...

the amount of solar 
radiation absorbed 
by the exposed land

...increasing...

surface
temperatures in the 
Tibetan Plateau and 
western China...

...increasing...

...likely leading to...

...potentially
causing...

Status: Sahara Desert 
transformation

How likely? Probable
When? Uncertain
Has it happened before? Yes; 6,000 
years ago
Reversible? Uncertain

NS, 02/12/2005

Status: Tibetan Plateau glaciers 
melting

How likely? Definite
When? Already underway
Has it happened before?  Uncertain
Reversible? Not without an ice-age

French, 11/09/04, Sample, 10/14/04, Whitty, 12/06, p50

Status: Indian Monsoon Intensity
How likely? Likely if CO2 
concentrations continue to increase
When? Uncertain
Has it happened before? Uncertain
Reversible? Uncertain

"Global warming will 
heat the land more 
than the sea, leading 
to changes in air 
pressure and 
weather... combined 
.... with warming 
caused by the 
expected rises in 
greenhouse gas 
emissions between 
1980 and 2080, they 
found Sahel rainfall in 
the July to September 
period jumped 1-2mm 
a day." Adams, D. Global 
warming could end Sahara 
droughts, says study. The
Guardian. 09/16/05

the rain forest 
generates much of its 
own rainfall. As the 
temperature increases 
(and there is less 
forest to generate 
rain/moisture), the 
forest will be drier.

"...phytoplankton
mitigate atmospheric 
carbon dioxide more
powerfully than any 
other known agent."
Whitty, 12/06, p49

the Indian monsoon arises, in part, from the 
temperature difference between the land mass of 
India and the temperatures of the ocean.  Since the 
land heats much faster than the ocean, the hot air 
over the land rises, and the cooler air from the 
ocean pushes inland to replace the rising hot air.
This temperature difference is the engine that helps 
determine the intensity of the monsoon; and a 
larger difference in temperature could mean a more 
intense monsoon.

the thermohaline gradient is 
what drives the North Atlantic
Circulation, sucks the Gulf 
Stream north, bringing heat 
to Northern Europe, and 
pumping the water down into 
the deep ocean.  'Therm-' 
refers to temperature, and '-
halide refers to saltiness.  So, 
a shut-down in the 
'thermohaline gradient' 
means that there is less of a 
difference in the saltiness 
and temperature of ttheNorth 
Atlantic ocean currents.

because

Initial state: The Tibetan
Plateau glaciers are 
stabilized at a relatively 
constant amount of ice
Tipping Point: Sufficient
increase in local 
temperature melts ice, and 
melting begins to accelerate 
Outcome: At some time, the 
Tibetan Plateau glaciers 
may stabilize at significantly 
smaller amount of ice or 
disappear completely

Permafrost is 
permanentaly frozen 
soil in the polar 
regions

because

as oceans increase in 
average temperature 
the water molecules 
will expand

because

an increase in the 
temperature of the 
world's oceans

because

...increasing...

because

Initial state: The Sahara 
Desert is in a relatively stable 
state
Tipping Point: Sufficient
increases in rainfall begin to 
shrink the desert, and 
increase the growth of 
vegetation around the 
desert's edges
Outcome: At some time, the 
Sahara Desert may stabilize 
at a significantly smaller size 
or disappear completely

Initial state: The West
Antarctic Ice Sheet is at a 
stable size with little or no 
gain or loss in ice
Tipping Point: Sufficient
increase in temperature 
begins melting the ice and 
melting begins to accelerate
Outcome: At some time, 
the ice sheet will stabilize at 
a significantly smaller size, 
or disappear completely

Initial state: The Indian Monsoon is 
at a relatively stable and predictable 
intensity
Tipping Point: Increased
warming in Northern India will 
quickly cause the monsoon to 
intensify
Outcome: At some time, the 
monsoon will stabilize at a higher 
intensity

Tipping Point

Uncertainty. There is a 
considerable degree of uncertainty 
in the science of interactions of 
large climate subsystems (which is 
one way we can think about 
climate tipping points). This
diagram represents what 
interactions climate scientists 
believe could happen, and 
frequently notes the uncertainty.
'Potentially' denotes an event 
which may occur with a 
probability greater than zero.
'Likely' denotes an event which 
may occur with a probability 
greater than 50%.

Tipping Point

Accelerated
Melting of the 
Greenland Ice 
Cap

Greenland
accounts for 
6% of the 

Earth's fresh
water

Whitty, 12/06, p48

Greenland's
loss of ice
doubled
between 1996 

and 2005 
Whitty, 12/06, p48

Greenland
contains over
623,000
cubic miles

of ice
(2.6 million cubic kilometers) 

Sample, 10/14/04

It would take 

1,000 to 3,000
years for

Greenland to 
melt completely

NS, 02/12/2005

Modeling suggests 
Greenland will begin an 
unstoppable melt 
if the temperature
increases around 

5 degrees
Fahrenheit
(2.7 degrees Celsius)

NS, 02/12/2005

Status: Greenland Ice-cap 
melting

How likely? Probable
When? Could be under way
Has it happened before? Yes
Reversible? Not without an ice-age

NS, 02/12/2005

Initial state: The Greenland 
ice-cap is at a stable size 
with little or no gain or loss 
in ice
Tipping Point: Sufficient
warming will begin melting 
the ice-cap in an irreversible 
way
Outcome: At some time, in 
the distant future, the 
Greenland ice-cap will
stabilize at a significantly 
smaller size, or disappear 
completely

Tipping Point

Tipping Point

...potentially increasing...

the amount of 
hurricane-suppressing
sand particles in the air 
over the Atlantic Ocean

...decreasing...

Increased
frequency and 
intensity of
storms & 
hurricanes in 
the Atlantic 
Ocean

...likely causing...

...likely causing...

Tipping Point

...causing...

...likely increasing...

...increasing...

...causing...

...likely increasing...

the amount of ultraviolet 
radiation reaching the Earth

the impairment or 
death of phytoplankton 
in the Earth's oceans

... catalyzing...

...causing...

...causing...

...and causing...

Increased
thinning of the 
ozone layer
around the world

a cooler upper atmosphere (stratosphere)

the expansion of the lower 
atmosphere (troposphere)

higher Indian 
landmass
temperatures

a larger difference
between the 
Indian land and 
ocean
temperatures

a stronger 
pressure
gradient between 
the land and 
ocean surface

ozone depletion in the upper 
atmosphere, especially at the poles 

the slow-down in the 
repair of the ozone 
holes over the poles

The ozone layer
is thinning at

3% per decade
Whitty, 12/06, p49

Modeling suggests 
the ozone hole 
will not begin 

"significant
healing"
till 2018

Whitty, 12/06, p49

Status: Ozone hole thinning
How likely? Definite
When? Already under way
Has it happened before? Uncertain
Reversible? Uncertain

Whitty, 12/06, p49

as the lower atmosphere warms 
(troposphere), the upper 
atmosphere (stratosphere) is less 
able to radiate heat

colder temperatures in the 
stratosphere form polar 
stratospheric clouds,  activating 
normally inactive chemicals 
which accelerate ozone depletion

because

because

Initial state: The ozone layer 
is thinning at a stable rate
Tipping Point: Sufficient
cooling of the upper 
atmosphere may increase the 
quantity of ozone destroying 
chemicals, accelerating the 
depletion of the ozone layer,
and the expansion of existing 
ozone holes
Outcome: At some time, the 
ozone layer and the ozone 
holes may stabilize at a much 
thinner state or stabilize at a 
constant rate of thinning

Tipping Point

O
3

In the 1990's the 
Tibetan glaciers 
retreated more

than 4 percent
French, 11/09/04

The slow-down
of the ocean 
upwelling of
the Antarctic
Circumpolar
Current (ACC)

Status: ACC Ocean upwelling 
slows

How likely? Possible
When? Uncertain
Has it happened before? Uncertain
Reversible? Uncertain

French, 11/09/04, Sample, 10/14/04, Whitty, 12/06, p50

...causing...

...decreasing...

...decreasing...

an increase in the surface 
temperature of the oceans

the amount of nutrients being 
carried up from the ocean bottom

the number of 
phytoplankton
in the ocean

The Antarctic
Circumpolar Current 
(ACC) circulates
34 billion gallons

(128 million cubic meters) 
of water around 

Antarctica
every second

Whitty, 12/06, p49

Increased fresh-
water (from 
increased rainfall 
and melting ice) 
begins to dilute the 
surface of the 
ocean and 
decrease the speed 
and volume of the 
upwelling ACC

because

Initial state: The Antarctic
Circumpolar Current (ACC) 
upwells, or rises from the 
deep ocean to the surface, at 
a stable rate
Tipping Point: Increased
fresh-water (from increased 
rainfall and the melting ice) 
begins to dilute the surface of 
the ocean and decrease the 
speed and volume of the 
upwelling ACC
Outcome: At some time, the 
ACC may slow down to a 
significantly smaller rate of 
upwelling or stop completely 

...likely causing...

...likely causing...

...likely causing...

phytoplankton
feed on the 
nutrients being 
carried to the 
surface by the 
upwelling of the 
Antarctic
Circumpolar
Current

because

Enderby

Land

Marie
Byrd Wilkes

Land

Ross Ice 

Shelf

Ronne
Ice Shelf

Weddell

Sea

Amundsen

Sea

Davis Sea

South Pole

Antarctica

the number of 
phytoplankton
in the ocean, 
which feed on 
the upwelling 
nutrients
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...causes...

...measured as...

...increases...

phytoplankton absorb 
carbon dioxide as part 
of their normal growth.
When they die, they 
sink to the bottom of 
the ocean taking their 
carbon dioxide loads 
with them

because

The thermohaline 
pump relies on a 
large difference in 
the temperature 
and salinity of the 
currents to keep 
the ocean pump 
going.  So as 
fresh-water pours 
into the North 
Atlantic, the 
difference
diminishes, and 
the thermohaline 
pump loses 
strength

The slowing or 
shut-down of the 
North Atlantic 
thermohaline
circulation

In the past 
50,000 years
the thermohaline 
circulation has 

stopped
7 times

Sample, 10/14/04

Modeling suggests the
thermohaline

circulation could
shut-down after

a temperature 
increase of 

3.6-4.5
degrees

Fahrenheit
(2. - 2.5 degrees Celsius)

NS, 02/12/2005

Modeling suggests the
thermohaline

circulation could
shut-down within

200 years
NS, 02/12/2005

Status: Thermohaline
Circulation shuts-down in 

North Atlantic
How likely? Uncertain
When? Within the next 200 years
Has it happened before? Yes;
12,000 years ago
Reversible? No

NS, 02/12/2005

Cooling of
northern
European air 
temperature
(by as much as 
10 degrees C)

...likely causing...

...potentially causing...

...potentially
causing...

...potentially
causing...

Decreased
intensity of
the Indian 
Monsoon

The normal Gulf
Stream brings Europe 

the equivalent of 
100,000 large

power-stations of 
free heat
Sample, 10/14/04

The normal Gulf
Stream raises

European
temperatures by

18 degrees
Fahrenheit

scientists in India and 
the US have found 
historical links 
between a weaker 
North Atlantic
thermohaline
circulation, and a 
decreased Indian 
monsoon

because

In the last 10,000 years, there 

were 7 intervals of
weakened monsoons, 
coinciding with colder

temperatures in the 
North Atlantic region

Arizona, 07/27/03

Initial state: The North Atlantic
thermohaline circulation is flowing 
at a relatively stable rate
Tipping Point: Increased fresh-
water (from increased rainfall and 
the melting Greenland ice-cap) 
begins to dilute the thermohaline 
circulation and slow-down the 
flow
Outcome: At some time, 
thermohaline circulation will slow-
down to a much slower rate, or 
stop completely

Cool subsurfa
ce

flo
w

Warm water Flow

Tipping Point

...causing...

Increasing the 
frequency of
droughts in 
the Western
Pacific, and 
floods in the 
Eastern
Pacific

...leading to...

...causing...

Increased
frequency of
El Nino 
weather
events

Status: Increased El 
Nino frequency

How likely? Uncertain
When? Uncertain
Has it happened before?
Uncertain
Reversible? Uncertain

warmer surface 
temperatures
are thought to 
be a precursor 
to El Nino 
weather events.

because

Tipping Point

Initial state: El Nino occurs at 
stable regular intervals of 
every 5-7 years
Tipping Point: Increased
warming of the Pacific Ocean 
may cause El Nino to occur 
more frequently
Outcome: At some time, the 
El Nino phenomenon may 
stabilize at a more frequent 
interval of every 2-3 years, or 
an 'El Nino climate' may 
become the new stable 
climate for the Pacific Basin.

Uncertainty Comment:
There is some ambiguity in the definition of a Tipping
Point.  Schellnhuber included this Tipping Point in his 
original list. At present we have not been able to find 
suggestions that the an increase in the El Nino 
weather phenomenon will further influence the Tipping
Points.  It may be that Schellnhuber included this 
Tipping Point because of its enormous consequences. 
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Uncertainty Comment:
There is some ambiguity in the definition of a Tipping Point.
Schellnhuber included the Indian Monsoon Transformation
Tipping Point in his original list. At present we have not 
been able to find suggestions that Decreased or Increased 
intensity of the Indian Monsoon will further influence the 
Tipping Points cascade.  It is likely that Schellnhuber 
included this Tipping Point because of its potentially 
enormous consequences

?????????????????????????????????????????????

?????????????????????????????????????????????
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Uncertainty Comment:
The Indian Monsoon Transformation may occur as a 
consequence of other Tipping Points which occur earlier in 
the climate change process.
Depending on which Tipping Points occur first, or how 
the multiple Tipping Points interact, the Indian Monsoon 
will be affected.
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Tipping Point
Initial state: The Indian 
Monsoon is at a relatively stable 
and predictable intensity
Tipping Point: Sufficient
cooling of the North Atlantic
Ocean may cause the Indian 
Monsoon to lose much of its 
intensity.
Outcome: At some time, the 
monsoon will stabilize at a lower 
intensity

Status: Indian Monsoon 
Intensity

How likely? Uncertain
When? Uncertain
Has it happened before? Yes
Reversible? Uncertain

because

OR
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Unreviewed second draft 
Purpose of this diagram.  We've created this 
diagram to pull together in an integrated way all of 
the relevant information about the integrated tipping 
points phenomena. We think that it will be useful in 
educational and policy situations where a deeper 
understanding of the risks of self-reinforcing 
accellerating interactions among the tipping points 
may result in abrupt climate changes.
We'd appreciate corrections, comments, 
and other feedback

Thanks,

...causing...

...likely
causing...

...likely
causing...

...likely
causing...

...likely
causing...

...likely causing...

threshold
2-3 degrees Celsius

(>3.6 degrees Fahrenheit)

threshold
3 degrees Celsius
(5.4 degrees Fahrenheit)

threshold
unknown

threshold

threshold

threshold
1.5-1.6 degrees Celsius

(2.7-2.9 degrees Fahrenheit)

threshold
2 - 4.5 degrees Celsius

(3.6 - 8.1 degrees Fahrenheit)

threshold
2 - 4 degrees Celsius
(3.6 - 7.2 degrees Fahrenheit)

threshold
1 degree Celsius

(1.8 degrees Fahrenheit)

threshold
already passed

 3 degree Celsius
(5.4 degrees Fahrenheit)

unknown

threshold
unknown

The release of large
amounts of carbon 
from permafrost
peat bogs in the 
Arctic

Sea-floor sediments 
could release up to

2.85
trillion tons
(~1- 2.2 trillion tonnes)

of methane
(with 3 degrees 

Celsius of warming)
Buffett, 2004

Arctic soils contain 
approx.

455 billion
tons

of carbon locked in 
the permafrost

Frey, K. E.,2005

Siberian peat bogs 
release approx. 

100,000 tons
of methane
each day

Pearce, 2007

Status: Arctic methane release
How likely? Probable
When? Already underway
Has it happened before? Yes;
methane releases have helped 
cause past ice ages
Reversible? Unknown

NS, 02/12/2005

as sea levels 
rise, the ocean 

will begin to 
submerge parts 

of the 
permafrost

accelerating
the breakdown 

of organic 
carbon stored 

in the perafrost.

Initial state: Organic carbon is 
permanently frozen in the 
permafrost. The permafrost 
behaves as a carbon sink.
Tipping Point: Increases in 
Arctic temperatures cause the 
permafrost to release carbon as 
CO2 and methane, accelerating 
global warming and accelerating 
the further release of carbon.
Outcome: At some time, the 
Arctic temperatures will 
stabilize, and the release of 
carbon from the permafrost will 
stabilize to a constant rate, or it 
will be completely released into 
the atmosphere

Tipping Point

CH4

Tipping Point

CH4 The release of
large amounts of
methane stored
in frozen sea 
floor sediments

Status: Sea-floor methane 
clathrate release

How likely? Probable
When? Impossible to predict
Has it happened before? Yes;
methane releases have helped 
cause past ice ages
Reversible? No

NS, 02/12/2005

methane clathrates are a form of frozen methane, 
where a cage of frozen water molecules surrounds a 
molecule of methane.  When the ice is melted, the 
methane is released.

Initial state: Methane
clathrates are stable and 
frozen in the sea-floor
Tipping Point: Increases in 
temperature release the 
methane into the atmosphere, 
accelerating global warming 
and accelerating the further 
release of methane 
Outcome: At some time, the 
frozen methane will stabilize 
to a constant rate of release, 
or it will be completely 
released

Modeling suggests in 
the near future,
methane releases 

would raise
temperatures by 

10 to 25%
NS, 02/12/2005

threshold
 approx. 4 degrees Celsius

(7.2 degrees Fahrenheit)

threshold
3 - 5 degrees Celsius
(5.4 - 9 degrees Fahrenheit)

because

...rapidly
increasing...

...causing...

an increase 
in the sea- 
floor
temperature

The transformation of
the Amazon rain
forest into a savanna
or desert

The Amazon
rainforest
covers
60%

of Brazil
Astor, 01/02/07

The Amazon
contains
20%

of the world's
fresh water

Astor, 01/02/07

Status: Amazon Rain forest 
collapse

How likely? Possible
When? Could occur within 100 
years
Has it happened before? Uncertain
Reversible? No

Astor, 01/02/07

Tipping Point

Initial state: The Amazon rain 
forest is in a relatively stable 
state
Tipping Point: Sufficient
decreases in rainfall, and 
reductions in the size of the 
forest from logging, cause the 
rain forest to dry begin to 
recede
Outcome: At some time, the 
Amazon rain forest may 
stabilize at a significantly 
smaller size or disappear 
completely, transforming into 
a savanna

The Amazon Rainforest
could release 

up to 57.5 billion 
tons of carbon

by 2100 
(with 3 degrees Celsius 

of warming)
Cowling, 2004

For a detaied 
diagram on where
the climate tipping 
points figure in the 
context of possible

climate scenario 
pathways, CLICK 

HERE
(or contact hornbob

@earthlink.net)

For a more 
simplified diagram 

describing the
interaction of these 

climate tipping 
points, CLICK HERE 

(or contact 
hornbob@earthlink.

net)

For a 
detailed diagram 

on WHY the climate 
tipping points are

considered to 
increase the 

URGENCY of climate 
mitigation , CLICK 

HERE
(or contact hornbob@

earthlink.net)
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