Discussion Guide

Fossil fuel emissions from human activity are driving up Earth’s temperature – yet something else is at work.
The warming has set in motion nature’s own feedback loops, which are raising temperatures even higher.
The urgent question is: Are we approaching a point of no return, leading to an uninhabitable Earth?
Or do we have the vision and resolve to slow, halt, and reverse these feedback loops?

This discussion guide, originally written for the five short films of
Climate Emergency: Feedback Loops, may also be used for discussion with
the hour-long film Earth Emergency.
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Why We Must Act Now

“We’re reaching the stage in the heating of the earth when fundamental systems are disrupted: the jet stream, the Gulf Stream, even
the way the planet reflects and absorbs sunlight. As these five films will make clear to to all who view them, we are kicking off feedback
loops beyond our ability to control--once we’ve melted the Arctic no one has a plan for refreezing it; the great forest fires pour ever more
carbon into an already overloaded atmosphere. We’ve run out of margin--we must act now to stop the burning of fossil fuel that lies at
the bottom of this cascading crisis.”
—Bill McKibben, author, environmentalist and co-founder of anti-carbon campaign group 350.org

“The global average temperature continues to set new records. Extreme heat waves and intense droughts now affect much of the globe,
damaging agriculture and facilitating wildfires. Simultaneously some regions are experiencing extreme storms, precipitation, and flooding.
These specific changes were anticipated by some scientists 40 years ago, but the changes were not supposed to happen until 2100 or later.
Why now? The direct warming has melted reflective ice and snow and released additional heat trapping gases from permafrost and other
lands. These feedbacks have amplified the warming and disrupted the climate decades to a century sooner than anticipated. We can unwind
this accelerating downward spiral by rapidly reducing heat trapping gases and by allowing more forests and other natural systems that are
already removing 31% of our annual emissions each year to accumulate additional carbon out of the atmosphere. This will eventually slow
global warming and diminish the feedbacks, facilitating the return to a more benign climate. The feedback loop videos identify four major
feedbacks and clearly demonstrate how they interact to accelerate further warming and increase the resulting climate change consequences.”
— William Moomaw, Professor Emeritus, The Fletcher School, Tufts University
.
Lead author of the Nobel Prize-winning Intergovernmental Panel on Climate Change
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I. Introduction: What is a feedback loop?

The geological record shows that millions of years ago complex global processes, including feedback loops, ran amok, leading to
abrupt changes in Earth’s climate system. This resulted in “Snowball Earth” periods, when the planet was covered in snow and ice,
and “Hothouse” periods, when there was virtually no ice, and dinosaurs roamed forests and swamps at the poles. This is the first
time that humans have been responsible for a climate change this abrupt.
What is responsible for this change in the climate? The sun’s radiation passes through atmospheric gases, such as oxygen and
nitrogen, to Earth’s surface, which absorbs some of the radiation. The rest of the radiation would bounce back to space if not for
less than 1% of atmospheric gases (carbon dioxide, methane, nitrous oxide, water vapor, and others) that trap heat and warm the
atmosphere. These are known as greenhouse gases.
Today, as humans burn fossil fuels such as oil, coal, and natural gas, which emit carbon dioxide, methane, nitrous oxide, and other
heat-trapping gases into the atmosphere, these fossil fuels are causing the planet to rapidly warm. Since the Industrial Revolution,
CO2 (carbon dioxide) has risen from 280 parts per million (ppm) to over 415 ppm today. By the end of the century, the level could
approach 800 ppm. Doubling CO2 from pre-industrial levels could produce a temperature rise of more than 8 degrees Fahrenheit.
Oceans absorb around one-quarter of the CO2 in the atmosphere and plants absorb approximately another quarter. But this percentage is
shrinking as forests are destroyed and oceans warm.
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This warming climate triggers nature’s own warming mechanisms, or feedback loops. A positive feedback loop enhances
or amplifies the effects of change, producing instability, such as warming creating more warming. A negative feedback loop
reduces and/or dampens the effect of change, helping maintain balance.

Fossil fuel emissions [warming climate[ feedback loops triggered [heat-trapping
gases emitted[more warming [ more feedback loops
For example, a feedback loop occurs when the warmer atmosphere thaws permafrost, which then emits carbon dioxide and
methane, which in turn warms the atmosphere further.
A tipping point in the climate system is a threshold that, when exceeded, can lead to large changes in the state of the system.
Tipping points can form a cascade, with each one triggering others, creating an irreversible shift towards a hotter world.
Discussion Questions
1. What is a positive feedback loop? Can you think of
examples of positive and negative feedback loops from your
everyday experience?

5. What do the terms “Snowball Earth” and “Hothouse
Earth” tell us about what is possible when it comes to our
climate?

2. What is warming the Earth and setting off feedback
loops? Explain the process in your own words.

6. What images from the film had the biggest impact on you?
Why?

3. Why are feedback loops so important in understanding
climate change?

7. Is it possible to slow, halt, or reverse feedback loops?

4. Why is a warming climate such a threat to human life on
the planet?
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8. Have you heard anything in the news lately that affirms or
contradicts any of the issues presented in this film?
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What can we do? What should we do?

For further reading and study

1. Why is it so important for the world to understand what
climate feedback loops are and how to reverse them?

A. Read more about the problem:
Tipping Points and Feedback Loops
https://climatechange.lta.org/tipping-points-and-feedbackloops/

2. Should we focus on reducing emissions of carbon or
focus on finding ways to store it? Or should we do both?
What are the advantages of focusing on reducing emissions
of carbon? What are the advantages of finding more ways to
store carbon? Can there be a plan forward that maximizes
both approaches?
3. Do you think we can continue living the way we have
been while also reducing global warming? What do you
think would be the fastest way to reduce global warming?
4. Feedback loops illuminate how one problem can cause
many more but they can also imply that one solution can
trigger many others. What are some possible action steps
humans can take right now to mitigate climate change?
What are some possible steps you yourself could take?
What are some possible steps your community could take?

Why Positive Climate Feedbacks Are So Bad
https://www.wri.org/insights/why-positive-climate-feedbacks-are-so-bad
15 Climate Feedback Loops and Examples
https://earthhow.com/climate-feedback-loops/
How Feedback Loops Are Making the Climate Crisis Worse
https://www.climaterealityproject.org/blog/how-feedbackloops-are-making-climate-crisis-worse
When Nature Harms Itself
https://www.dw.com/en/when-nature-harms-itself-five-scaryclimate-feedback-loops/a-43649814
B. Read about possible solutions:
Drawdown - Solutions to decrease your carbon footprint
https://drawdown.org/solutions
Laurie David and Heather Reisman. Imagine It: A Handbook
for a Happier Planet. (New York: Rodale Books, 2020)
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II. Forests

Forests help cool the Earth. Through photosynthesis, trees
offset warming by removing carbon dioxide, a heat-trapping
gas, from the air, and storing carbon in their trunks, roots,
branches, leaves and the surrounding soil. As a byproduct,
they release oxygen into the atmosphere.
Preserving and expanding forests, wetlands, and grasslands
could help turn warming feedback loops into cooling ones.
If we let plants and trees do their job, and stop the use of
fossil fuels, we could lower Earth’s temperature.
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Global forests absorb approximately 25% of human-caused
carbon from the atmosphere. However, this percentage is
shrinking as the climate warms from increased carbon dioxide
emissions. Combined with human activity, the warming has
resulted in increases in fires, diseases, and insect populations,
all leading to tree dieback. As trees burn and decay, they release
carbon back into the atmosphere. And with fewer trees left,
more carbon dioxide remains in the atmosphere. Both lead
to further warming and more tree dieback. If forests release
more carbon than they store, they switch from carbon sinks
to carbon sources.
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A forest feedback loop looks like this:

Fossil fuel emissions [ Drier, warmer climate[ spreading fires [ trees die, carbon deep in soil burns [
release of carbon (and sometimes methane) [ climate becomes warmer and drier.
There are three main types of forests: tropical, boreal, and temperate.
Tropical forests
Tropical forests are wet, warm, closed canopy forests. They account for 15-20% of terrestrial carbon sinks. Trees release water vapor
through a process called transpiration, naturally cooling and humidifying the surrounding environment. In tropical forests, transpiration
can cool the region by as much as ten degrees Fahrenheit.
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Deforestation in the Amazon is largely due to the logging industry, human-caused fires, and agricultural expansion. Loss of trees leads
to loss of transpiration and drier conditions. In the Amazon, over the past two decades, the dry season has been extended by several
weeks, stressing trees even more and creating an ideal environment for fires to spread. During extreme droughts, large areas of the
Amazon forest burn, resulting in a release of carbon. Today, tropical forests absorb one-third less carbon than they did in the 1990s.
Scientists have expressed concern that frequent droughts and fires could flip the forest from a carbon sink to a carbon source as soon as
the next decade. And as of this publication, this change has already begun occurring.
Boreal forests
The boreal forest encircles the North Pole through Siberia and North America. This forest stores approximately two-thirds of all carbon
stored in Earth’s forests; 75-90% of this carbon is locked away in frozen plant and animal remains deep in the ground.
The warmer climate is making this forest more vulnerable to insects, disease, and fire. Forest fires have become more severe and more
frequent here. Fires strip off the insulating ground cover, preventing it from building up between the frequent burns. Without this protective
layer, fires reach deep down, burning the organic matter in the soil and releasing carbon into the atmosphere. Scientists predict that the
boreal forest will flip from a carbon sink to a carbon source by the end of this century.
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Temperate forests
Temperate forests make up one-quarter of all forests on Earth, but they are threatened by deforestation. In the southeast U.S., deforestation
is partly due to the wood-pellet industry, which clears forests and sells its products as biofuel, releasing decades of stored carbon back
into the atmosphere. The harvesting of forests for the wood pellet industry is expanding to other areas in the U.S., Canada and Malaysia.
When a tree is logged, one-half to two-thirds of the carbon it stored is released through decay or burning. Today, 17% of global carbon
emissions each year is attributable to logging and burning wood pellets for bioenergy.
There have been efforts to replant in areas where logging has taken place. But older forests store much more carbon than younger
forests and also take up more carbon from the atmosphere. While planting new trees has value, it won’t make up for the carbon lost by
destroying old growth forests.
Some temperate forests in the northwestern U.S. are less vulnerable to the effects of climate change than other temperate forests. To
mitigate climate change, these forests should be protected. Many forest species are migrating north to cooler climates, but not all species
can do this.
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Discussion Questions

For further reading and study

1. How can forests become part of a positive feedback loop
that produces warming effects? How can they become part
of a negative feedback loop that produces cooling effects?

A. Read more about the problem:
Forests and Climate Change: Forcings, Feedbacks, and the
Climate Benefits of Forests
https://www.cgd.ucar.edu/events/20130729/files/Bonan-2008.
pdf

2. What are other ways that forests affect their surrounding
ecosystems? How do they cool the atmosphere?
3. What happens when deforestation occurs in the tropical
forest? What is the feedback loop that results? How do
droughts in the tropical forest exacerbate the problem?
4. How much carbon does the boreal forest store? Where
is it primarily stored? What is the feedback loop in the
boreal forest?
5. What are some of the reasons temperate forests are being
deforested? What could be done to prevent this? What happens
to stored carbon when a tree is logged?
6. How are some tree species reacting to the changing climate? Where can we find forests that are less vulnerable to
climate change? What should be done with them?
7. How can we manage forests and agriculture in ways
that help us mitigate climate change and create healthier
ecosystems?

Amazon Drought and Deforestation Feedback Loop
https://www.cgd.ucar.edu/events/20130729/files/Bonan-2008.
pdf
Feedback Loops of Fire Activity and Climate Change in
Canada
https://www.cgd.ucar.edu/events/20130729/files/Bonan-2008.
pdf
Is the Boreal Forest on the Edge of a Climate Change Tipping
Point?
https://unearthed.greenpeace.org/2016/11/14/boreal-forestedge-climate-change-tipping-point/
B. Read about possible solutions:
Drawdown - Solutions to decrease your carbon footprint
https://drawdown.org/solutions
Laurie David and Heather Reisman. Imagine It: A Handbook
for a Happier Planet. (New York: Rodale Books, 2020)

8. Do you have any personal experiences to share related
to your understanding of the role trees play in the health of
the planet? Have you ever planted or removed a tree? How
did it feel?
9. How do particular images from the film affect your
reaction to and reception of the messages in the film? What
images had the biggest impact on you?
10. Have you heard anything in the news lately that
affirms or contradicts any of the issues presented in this
film?
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III. Permafrost

Permafrost is an icy expanse covering one-quarter of the
Northern Hemisphere that remains frozen for two or more
consecutive years. It consists of rock, soil, and sediments
bound together by ice under a layer of soil extending from
three feet to more than a mile deep. It contains the remains
of animals and plants that haven’t decomposed because of
the frozen state of permafrost, which can last hundreds of
thousands of years.
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Permafrost is now thawing. As it does, microscopic animals
wake up and feed on the previously frozen carbon stored in
plant and animal remains, releasing heat-trapping gases as a
byproduct. These gases warm the atmosphere further, melting
more permafrost in a dangerous feedback loop. With global
permafrost containing twice as much carbon as the atmosphere,
its thaw could release 150 billion tons of carbon by the end of
the century.
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A permafrost feedback loop looks like this:
Fossil fuel emissions [ warming climate [ permafrost thaws [ microbes digest newly-thawed carbon remains [
carbon dioxide and methane produced [ heat-trapping gases released into atmosphere [ more warming.

When microbes digest carbon in oxygen-rich, or aerobic,
conditions like soil and lake surfaces, they produce carbon
dioxide. In anaerobic environments lacking oxygen, like
bogs and muddy lake bottoms, they produce methane.
Methane is nearly 30 times more potent at trapping heat
than carbon dioxide.
Sometimes, methane builds up under a thick layer of ice.
When the ice melts, the pressure gives way and causes
an explosion. In Siberia, such explosions have left huge
crater-like holes, called methane craters, on the landscape.

A year or two later, the craters form lakes that release the
previously buried methane into the atmosphere.
In the Northern Hemisphere, home to most of the world’s
lakes, the warming climate is bringing southern plant species
northward. This results in new food sources – such as oak
tree, maple tree, and cattail litter – for the microbes that
live in lake bottoms. Because the conditions are anaerobic,
microbes emit methane as a byproduct of digestion. Studies
show that 400 times as much methane is released by lake microbes
when they digest cattail litter as compared to tree litter.

A lakes feedback loop looks like this:
Fossil fuel emissions [ warming climate [ plant species migrate north [ new food
sources for lake microbes [more methane is released [ more warming.
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Discussion Questions

For further reading and study

1. How much of the world’s land contains permafrost? How
much carbon is stored in permafrost? How does this compare to what’s in the atmosphere?

A. Read more about the problem:
Methane Feedbacks to the Global Climate System in a Warmer
World
https://agupubs.onlinelibrary.wiley.com/
doi/10.1002/2017RG000559

2. What happens as the permafrost thaws? How can permafrost
thaw transform the landscape?
3. When do microbes release carbon dioxide and when do
they release methane?
4. What causes methane craters? What happens when
they form lakes?
5. What is happening around lakes in the Northern Hemisphere
as the climate warms?
6. What new species are migrating northward? How are
the new varieties of plant species affecting the microbes that
live in lake bottoms? In the next 50 years, how much will
methane production increase around lakes?
7. Can the permafrost refreeze? Why, or why not?
8. How do particular images from the film affect your
reaction to and reception of the messages in the film?
What images had the biggest impact on you?
9. Have you heard anything in the news lately that affirms
or contradicts any of the issues presented in this film?
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The Global Carbon Budget and Permafrost Feedback Loops
in the Arctic
https://www.thearcticinstitute.org/global-carbon-budget-permafrost-feedback-loops-arctic/
How Microbes in Permafrost Could Trigger a Massive
Carbon Bomb
https://www.nature.com/articles/d41586-021-00659-y
Arctic Bogs Hold Another Global Warming Risk that Could
Spiral Out of Control
https://insideclimatenews.org/news/19022019/arctic-bogspermafrost-thaw-methane-climate-change-feedback-loop/
Scientists Find New Climate Feedback Loop in Lakes
https://e360.yale.edu/digest/scientists-find-new-climate-feedback-loop-in-lakes
B. Read about possible solutions:
Drawdown - Solutions to decrease your carbon footprint
https://drawdown.org/solutions
Laurie David and Heather Reisman. Imagine It: A Handbook
for a Happier Planet. (New York: Rodale Books, 2020)
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IV. Atmosphere

Global warming is altering Earth’s weather patterns
dramatically. A warmer atmosphere absorbs more water
vapor, which in turn traps more heat and warms the planet
further in an amplifying feedback loop. Climate change is
also disrupting the jet stream, triggering a feedback loop
that brings warm air northward and cold air southward,
further warming the Arctic and causing weather patterns to
stall in place for longer.
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Water Vapor is a naturally occurring gas formed by the
evaporation of water, mostly from lakes and oceans. It is the
most abundant heat-trapping gas, accounting for 60% of all
warming caused by atmospheric greenhouse gases. With both
the climate and the oceans warming, increased evaporation
adds even more water vapor to the atmosphere.
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The water vapor feedback loop looks like this:

Fossil fuel emissions [warming climate [ warmer atmosphere holds more
water vapor [ water vapor traps more heat [ more warming.
Some water vapor cools and condenses, forming clouds. By reflecting sunlight away from the planet, clouds can cool the Earth, and by
trapping heat below them, they can warm it. Scientists conclude that, on balance, clouds raise Earth’s temperature.
As the climate warms, oceans are also warming. Although not a feedback loop, the combination of increased water vapor and ocean
warming is driving hurricanes, making the stronger storms more frequent.
The warming ocean-water vapor feedback loop looks like this:
Fossil fuel emissions [ warming climate [ oceans heat up [ increased evaporation [
more water vapor into atmosphere [ more heat trapped [ warming climate.
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The jet stream is a west-to-east flow of wind that encircles the Northern Hemisphere and is responsible for influencing the weather
in North America, Europe, and Asia. When the Arctic is cold, the jet stream winds blow strong and fast. But with the Arctic warming
at two to three times the rate as the rest of the globe, the jet stream has weakened, resulting in larger north-south swings. The larger
swings of the weakened jet stream result in extreme weather events, as weather stalls in one place for a long time; because of this, the
wet places become even wetter and the dry places become warmer and drier. The multi-year drought in the western U.S., the increase in
wildfires, and the extreme heat in the Pacific Northwest in 2021 are connected to this larger north-south swing in the jet stream.
The larger north-south swings bring warm air to the Arctic in a jet stream feedback loop that looks like this:

Fossil fuel emissions [warming Arctic [jet stream weakens [ larger north-south
swings [ more heat moves from south to north [ more Arctic warming.
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Discussion Questions

For further reading and study

1. What is water vapor and how is it formed? Why is water
vapor important in the climate? How much does it amplify
global warming?

A. Read more about the problem:
Water Vapor Feedback and Global Warming
https://agupubs.onlinelibrary.wiley.com/
doi/10.1002/2017RG000559

2. How do clouds heat and cool the planet? On balance,
how do they affect Earth’s temperature?
3. How does the feedback loop triggered by warming
oceans affect the frequency and strength of hurricanes?
4. What is the jet stream? How is the jet stream impacted
by the warming Arctic? How does the jet stream affect our
weather?
5. Present and explain an example of an atmospheric feedback loop.
6. How do particular images from the film affect your
reaction to and reception of the messages in the film? What
images had the biggest impact on you?
7. Have you heard anything in the news lately that affirms
or contradicts any of the issues presented in this film?

It’s Water Vapor, Not the CO2
https://www.acs.org/content/acs/en/climatescience/climatesciencenarratives/its-water-vapor-not-the-co2.html
What is the Net Feedback from Clouds?
https://skepticalscience.com/clouds-negative-feedback.htm
Jet Stream: Is Climate Change Causing More Blocking Weather
Events?
https://www.carbonbrief.org/jet-stream-is-climate-changecausing-more-blocking-weather-events
Why Does Weather Stall? New Theories Explain Enigmatic
Blocks in the Jet Stream
https://www.sciencemag.org/news/2020/03/why-does-weather-stall-new-theories-explain-enigmatic-blocks-jet-stream
B. Read about possible solutions:
Drawdown - Solutions to decrease your carbon footprint
https://drawdown.org/solutions
Laurie David and Heather Reisman. Imagine It: A Handbook
for a Happier Planet. (New York: Rodale Books, 2020)
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V. Albedo

The reflectivity of snow and ice at the poles, known as the
albedo effect, is one of Earth’s most important cooling
mechanisms. But global warming has reduced this reflectivity
drastically, setting off a dangerous warming loop: as more
Arctic ice and snow melt, the albedo effect decreases, warming
the Arctic further, and melting still more ice and snow.
At Earth’s poles, snow and ice reflect up to 85% of the sun’s
rays away from the surface and back into space, helping to
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keep the planet cool. In the Arctic, this natural mirror has
begun to break down as warming temperatures melt snow
and ice cover, reducing the planet’s reflectivity. In summer,
when the ocean snow melts, the open water absorbs 90% of
the sunlight, warming the ocean, which in turn melts more
sea ice, reducing reflectivity even more. Approximately 25% of
global warming can be attributed to the loss of Arctic sea ice.
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The Albedo feedback loop looks like this:

Fossil fuel emissions [warming climate [ Arctic snow and ice melt, ocean exposed [less reflectivity
and more heat absorption[more warming.
Snow on the surrounding land is also reflective and contributes to Earth’s albedo, but that has been melting too. Together, the loss of sea
ice and land snow account for an estimated 40% increase in global warming.
In the past 40 years ago, we’ve lost half of the area covered by the Arctic Sea ice during the summertime and the volume of ice has
decreased by 75%. The “New Arctic” is now mainly “first year ice,” which is ice that forms in one winter and melts over the summer.
Climate models predict that summer sea ice will disappear by the end of the century and, eventually, the winter sea ice will disappear as
well.
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Antarctica is different from the Arctic. In Antarctica, the melting of land ice at the South Pole doesn’t affect reflectivity because the
ice sheets are miles thick. However, as ice melts and enters the ocean, it causes sea level to rise, causing its own feedback loop. If both
Greenland and Antarctica’s glacial ice shelves were to melt, sea levels could potentially rise by more than one hundred feet.
The Antarctica feedback loop looks like this:
Higher, warmer water [ land ice melts [ sea level rises further [ more land ice melts [ higher, warmer water.
If we could lower the temperature at the poles, it would take a long time, but eventually sea ice would re-form.
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Discussion Questions

For further reading and study

1. What is the albedo effect and why is it important?
2. If the Earth has a higher albedo, is it more reflective or
less reflective?

A. Read more about the problem:
Ice-Albedo Feedback in the Arctic
https://storymaps.arcgis.com/stories/3bb42858e99d492aaaf980b86bfea757

3. How is reflectivity in the Arctic being threatened? Why
is it called the “New Arctic”? How much Arctic sea ice has
been lost in the past 40 years?

Why is the Arctic So Sensitive to Climate Change and Why
Do We Care?
https://www.pmel.noaa.gov/arctic-zone/essay_serreze.html

4. How long has ice covered the Arctic Ocean? When
could we lose summer Arctic sea ice? When could we lose
the winter sea ice? How will this affect global warming?

Flooded Future: Global Vulnerability to Sea Level Rise Worse
Than Previously Understood
https://www.climatecentral.org/news/report-flooded-future-global-vulnerability-to-sea-level-rise-worse-than-previously-understood

5. How is warming affecting Antarctica? Is the albedo effect
being threatened in the South Pole? Why or why not?
6. How much has the loss of ice on the Greenland ice sheet
increased in the past 30 years? How much could the sea
level rise if both the Greenland and Antarctica ice sheets
melted?
7. Can the ice we’ve lost at both poles be recovered? How
could this be done?
8. How do particular images from the film affect your
reaction to and reception of the messages in the film? What
images had the biggest impact on you?

Climate Change: Global Sea Level
https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level

B. Read about possible solutions:
Drawdown - Solutions to decrease your carbon footprint
https://drawdown.org/solutions
Laurie David and Heather Reisman. Imagine It: A Handbook
for a Happier Planet. (New York: Rodale Books, 2020)

9. Have you heard anything in the news lately that affirms
or contradicts any of the issues presented in this film?
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