
GEOLOGY 095, 195. Climate: past, present, future

Class 17: Projections II – Tipping 
Points
• What are runaway positive feedbacks?

• What specific tipping points are we 
most worried about?

Learning Objectives
1.   Understand the concept of runaway feedbacks
2. Distinguish between reversible and irreversible tipping point systems
3. Explain why tipping point thresholds are hard to identify and predict
4.   Identify one reversible and one irreversible tipping point in the global climate system



Thanksgiving Assignment

One way of communicating what you have learned about climate, climate 
change, and why it matters.  Good conversation starter if you parents ask 

you what you’ve been doing at UVM all semester after the BIG meal.



How do people communicate their opinions to the public?



OP-ED, page opposite the Editorial Page in a 
paper, but now gone digital

A way to speak your mind 
and present your arguments 
in a public forum



A relevant 
example…

Lead sentence to grab reader attention

Why it matters

What’s going on



Assignment to prepare for end of class and Final Paper
1. List the name of your home town paper and its URL (presuming it's on-line).

2. Got your paper's web site and find its policy for public letters, often called an OP-ED, 
opinion, or an extended letter to the editor. You are looking for a means by which the 
paper will allow you to voice your opinion. Find that policy and copy it as your 
answer to this question.

3. Read several OP-EDs or extended letters to the editor in your home town paper. In 
ONE SHORT PARAGRAPH, pick the one you find most convincing, provide the title in 
your answer and tell us what it was about the writing style and presentation that 
made the OP-ED so convincing.

DUE TUESDAY DECEMBER 3 - we will announce FINAL PAPER topic then – it will be due 
TUESDAY DECEMBER 10 and be 400-600 words.



Climate in the News



Climate in the News

MOSAiC – Multidisciplinary drifting 
Observatory for the Study of Arctic 
Climate

Climate scientists freezing a ship into sea 
ice for a year

All about improving our models 



Review: Projections I

• To simulate future climate 
change, climate models run 
with different emission 
scenarios

• Higher number = more 
emissions = more warming



Review: Projections I

Sea Level Rise:

• IPCC says < 1 meter

• NOAA says 0.5 – 2 
meters

• Either way, more 
emissions = more sea 
level rise



Review: Projections I

Permafrost:

• Low emission scenario = 
>30% decrease

• High emission scenario = 
>85% decrease

• Either way, more 
emissions = more 
permafrost loss



Review: Projections I

Climate impacts expected 
by 2100 vary depending 
on region

In North America:
• Extreme Weather
• Flooding
• Sea level rise
• Heat stress (worst in 

Southern US)
• Drought
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Uncertainty due to 
feedbacks

At that level of 
warming, are we 
going to trigger 
runaway 
feedbacks?
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Rocking the Boat – How Some Climate Systems Change

• Two stable states
• “Upright”
• “Flipped”

• A threshold between 
these states

• Once threshold is 
crossed, transition to 
the other state Climate system

Forcings



Rocking the Boat – How Some Climate Systems Change

Image from 
GlobalChange.gov



Linear vs. Tipping Point Climate Systems

Forcing

State 
of the 
system

Normal, linear system
• Each forcing ‘nudge’ 

pushes the system a bit 
farther



Forcing

State 
of the 
system

Normal, linear system
• Each forcing ‘nudge’ 

pushes the system a bit 
farther

• Example: chemical 
weathering and 
atmospheric CO2

• More chemical 
weathering = less CO2
in atmosphere

Linear vs. Tipping Point Climate Systems
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• A nudge past the 

threshold makes the 
system jump states

• “The straw that broke 
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• A nudge past the 
threshold makes the 
system jump states

• “The straw that broke 
the camel’s back”

• Runaway positive 
feedbacks!

• No extra forcing needed Forcing

State 
of the 
system

System with a tipping point

Linear vs. Tipping Point Climate Systems



Linear vs. Tipping Point Climate Systems

Extreme paleo-example:

• Snowball earth (850-550 
million years ago)

• Runaway ice-albedo 
feedback



Tipping Point Example – Greenland Melt
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Tipping Point Example – Greenland Melt
• Reminder: Ice sheets have 
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Melting



Tipping Point Example – Greenland Melt
• Reminder: Ice sheets have 

an ‘equilibrium line’ 
separating zones of snow 
accumulation vs. melting

• Warming causes:
• Increased elevation of 

equilibrium line
• Lowering of ice sheet

• If warmed enough, 
runaway positive feedback

Snow Accumulation

Melting



Tipping Point Example – Greenland Melt
Runaway Positive Feedbacks:

• Once past a ‘threshold’, no 
more forcing is needed for 
the system to keep 
changing

• Eventually a new ‘stable’ 
state will be reached

Snow Accumulation

Melting
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Tipping Point Example – Greenland Melt

State 
of the 
system

Runaway Positive Feedbacks:

• Once past a ‘threshold’, no 
more forcing is needed for 
the system to keep 
changing

• Eventually a new ‘stable’ 
state will be reached

• In this case: Greenland 
mostly melted Forcing

System with a tipping point



Tipping Point Example – Greenland Melt
Runaway Positive Feedbacks:

• Once past a ‘threshold’, no 
more forcing is needed for 
the system to keep 
changing

• Eventually a new ‘stable’ 
state will be reached

• In this case: Greenland 
mostly melted

Ice 
Volume

Temperature
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Temperature

Ice 
Melt

• Ok… so we melted Greenland
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Reversible vs. Irreversible System Changes
• Ok… so we melted Greenland

• Let’s cool down the planet 
and grow it back

• Problem:
• Trying to grow an ice 

sheet at sea level now
• Needs to be a lot colder 

to grow again

• Eventually pass 2nd threshold Temperature

Ice 
Melt



Reversible vs. Irreversible System Changes

Irreversible Tipping Point

Temperature

Ice 
Melt

• This is an irreversible
tipping point system

• There is a different 
threshold to flip the system 
back 

• This dynamic in a system is 
called hysteresis



Reversible vs. Irreversible System Changes

• Reversible system: 
Same threshold going 
each way

Reversible Tipping Point

Forcing

State of 
System



Think, Pair, Share

Arctic sea ice melt is believed to 
have a tipping point
• Ice/albedo feedback loop

Is this tipping point system 
reversible (same threshold to 
flip system back) or irreversible
(different, lower threshold to 
flip system back)?



Think, Pair, Share

Reversible

Sea ice is always 
formed at sea 
level

Easy to grow 
back if temps 
cool and albedo 
rises
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Identifying Tipping Points

TIME

State 
of the 
system

System with a tipping point

Crossing tipping point

• Tipping point might not 
be clear until after
you’ve already passed 
it



TIME

State 
of the 
system

System with a tipping point

Crossing tipping point??

• Tipping point might not 
be clear until after
you’ve already passed 
it

• Because the real world 
is noisy!
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• Tipping point might not 
be clear until after
you’ve already passed 
it

• Because the real world 
is noisy!

TIME

State 
of the 
system

System with a tipping point

Maybe NO
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• Tipping point might not 
be clear until after
you’ve already passed 
it

• Because the real world 
is noisy!

One clear thing:
• The harder you push 

the system, the more 
likely you are to cross a 
tipping point

TIME

State 
of the 
system

System with a tipping point

Identifying Tipping Points



Predicting Tipping Points

Image from UCAR.edu

• Modeling systems with feedbacks 
is very difficult

• Strength and speed of feedbacks 
are hard to predict



• Modeling systems with feedbacks 
is very difficult

• Strength and speed of feedbacks 
are hard to predict

• Models of systems almost always 
underpredict the strength and 
speed of system response

Predicting Tipping Points

Image from UCAR.edu



The West Antarctic Ice 
Sheet has a tipping 
point (‘marine ice shelf 
instability’)

Look at the Antarctic 
mass loss over time, 
have we crossed that 
tipping point?

Think, Pair, Share

Image from NASA.gov
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Tipping Point Examples



Amazon Rainforest Retreat

• Amazon rainforest 
creates its own climate

• Plants release water 
vapor during 
photosynthesis

• So much photosynthesis 
happens in the Amazon, 
the trees create more 
clouds/rain



Amazon Rainforest Retreat
• Some models show 

rainforest area shrinking  
with global warming

• Fewer trees = less 
precipitation = fewer 
trees, etc.
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Amazon Rainforest Retreat
• Some models show 

rainforest area shrinking  
with global warming

• Fewer trees = less 
precipitation = fewer 
trees, etc.

• Reversible tipping point

• …if humans were not 
cutting down extra trees



Tipping Point Examples



Permafrost Thaw

• Thawing permafrost 
emits carbon

• More warming = more 
permafrost thaw = more 
carbon emitted = more 
warming



Permafrost Thaw

• Thawing permafrost 
emits carbon

• More warming = more 
permafrost thaw = more 
carbon emitted = more 
warming

• Tipping point occurs with 
runaway permafrost 
carbon emissions



Permafrost Thaw

• Irreversible tipping 
point (has hysteresis)

• Can re-freeze 
soil/plants

• Harder to lower 
carbon concentrations

Permafrost Area

Atm 
Carbon 

Conc



Permafrost Thaw

• Tipping point expected 
soon

• Could be fast-acting



Tipping Point Examples

Coral Reef 
Bleaching



Coral Reef Bleaching

• When coral reefs are stressed 
(due to warm water) they 
release algae that live inside 
their tissues

• Bleached corals keep living, 
but begin to starve
• They can recover

• Sustained warm water leads to 
coral death



Coral Reef Bleaching

• Irreversible tipping point

• Once dead, the excessive algae 
in the water coat the coral 
skeletons

• Need to reduce algae 
concentration to re-grow 
corals



Scientist Profile: Dr. Kimberly Selkoe

Dr. Kimberly Selkoe is a coral reef researcher with joint appointments at the 
University of California, Santa Barbara, and the Hawai’i Institute of Marine 
Biology. Her research focuses on identifying coral system tipping points and 
thresholds. She uses terabytes of existing data on coral reefs to re-create how 
these fragile ecosystems respond to environmental stressors.



• Many climate systems have 
the potential for runaway 
positive feedbacks

• Beyond a ‘threshold’, these 
feedbacks take over and no 
more forcing is necessary to 
keep changing the system

Tipping Points Summary

• Difficult to predict where threshold is, difficult to identify if/when we’ve 
passed it

• The harder we push ‘tipping point’ climate systems, the more likely we are 
to cross thresholds


