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Introduction 

Module Goals 
This module focuses on the current state of our physical and biological environment and the 
threats of climate change and mass extinction on those environments. To this end, the 
following overarching goals have been identified for this module. 

• Participants have a scientific understanding of global climate change and mass extinction. 

• Participants are able to describe the relationship between climate change and mass 
extinction. 

Preparation 
To prepare for this module kindly familiarize yourself with this guide. It is also 
recommended that you spend some time researching general information about global 
climate change, mass extinction, and pollution. It is important that you have a basic 
understanding of these phenomena and are equipped to answer questions that might arise 
during this discussion. In addition to this, spend some time researching greenhouse gas 
emissions in your local area and the local impact of climate change. You will need to provide 
this information to participants during the module. 

• Print copies of the Climate Change and Mass Extinction Handout found in the 
Teaching Materials section of this module. Try to ensure that each participant has a copy. 

• Download the Climate Change and Mass Extinction Images PowerPoint from 
www.CREATEForumSeries.com. If facilitating this module without a projector, print 
a few copies of these slides for participants to view. 

Time 
Preparation time should take about 2 hours. The implementation of the module will take 1 
hour. Throughout the guide suggested times are provided for sections and sub-sections to 
assist the facilitator with time management. 

Resources 
Climate Change 

• EPA: https://www.epa.gov/climate-indicators 

• NASA: http://climate.nasa.gov/evidence/ 

• Paris Climate Talks, Elon Musk: https://www.youtube.com/watch?v=xKCuDxpccYM 
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• Georgetown Climate Center: http://www.georgetownclimate.org/adaptation/plans.html 

Mass Extinction 

• PBS: http://www.pbs.org/wgbh/evolution/library/03/2/l_032_04.html 

• PBS: https://www.youtube.com/watch?v=z9gHuAwxwAs 

• Center for Biological Diversity: http://www.biologicaldiversity.org/programs/
biodiversity/elements_of_biodiversity/extinction_crisis/ 

• Convention on Biological Diversity: https://vimeo.com/7965089 

For resources pertaining to Species Range, Phenology, Morphology, Physiology, Pathogens, 
and Biodiversity, see the Climate Change and Mass Extinction Handout. 

Module Outline 
• Climate Change – Climate Change, Causes, Physical Effects, Impacts on Humans, 

Biological Effects 

• Mass Extinction – Range, Phenology, Morphology, Physiology, Pathogens, Biodiversity 

• Moving Forward: Envisioning and Creating a ‘New Normal’ 

Learning Outcomes 
At the end of the module, participants should: 

• Be equipped to explain the current findings of climate change science. 

• Be familiar with causal contributors to anthropogenic climate change. 

• Understand why climate change is very difficult to address and mitigate. 

• Be equipped to explain the concept of mass extinction. 

• Be able to communicate the evidence for our current biodiversity loss. 

• Understand how climate change contributes to our current biodiversity loss.

• Be cognizant of the variety of ways in which climate change and mass extinction concerns 
can be constructively addressed. 

Materials Needed 
• Markers or other writing implements 

• Whiteboard or large flip chart on which to use writing implements 

• Copies of the Climate Change and Mass Extinction Images PowerPoint – either 
printed or displayed using AV equipment 

• Copies of Climate Change and Mass Extinction Handout for each individual  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Body 

Opening  
Suggested Time: 5 minutes 

Welcome 
Welcome participants, introduce yourself, and share the following information.  

“Welcome to the Tensions in Sustainability Forum Series. This series was designed for 
people who believe the health of the environment is important but who feel a tension 
between environmental and economic/social concerns. This six-module forum series is 
intended to assist people to constructively deal with the challenges that emerge during 
attempts to integrate environmental sustainability holistically into their lives. 

“Each module is free standing, however the modules may also be offered in a series. Modules 
1-3 address some of the confusion surrounding environmental concerns by introducing 
participants to America’s current environmental conditions, its environmental history, and 
the incentives that encourage people to disregard climate change science. Modules 4-6 equip 
participants to collaboratively address these problems in ways that reflect their personal 
value systems, skill sets, and assumptions while also helping participants to better 
understand how others make sense of these issues. 

“If you like the lesson today you can go online and check out the other available modules. If 
you would like to facilitate a module, all teaching materials are free and available for 
download at www.CREATEForumSeries.com.” 

Lesson Objective 
Tell participants, “Today, we’ll be discussing how human behavior is creating a ‘new normal’ 
for how earth functions. We will focus on two areas: climate change and mass extinction. The 
first part of our discussion will focus mostly on physical, non-living components of the earth, 
such as temperature and precipitation, and the changes we are currently seeing to these 
components. The second part of our discussion will focus on how living things like species 
and ecosystems are affected by these changing physical conditions. These are heavy topics. 
But we think it’s important to dig into them because humans can only respond constructively 
to the environment’s new normal if we understand how it works and what caused it. To 
finish things off, we’ll also spend a little time discussing how we might have a positive impact 
on the new normal, even in the face of many challenges.” 
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Facilitator’s Note: After the introduction comes to an end, move to 
the climate change discussion below. If you have time, consider 
Expansion Pack Activity #1, “Solar Oven Greenhouse Effect,” for a 
practical illustration of how climate change works. 

Climate Change 
Suggested Time: 20 minutes 

Facilitator’s Note: These questions are meant to guide your 
discussion. Not all questions or answers need to come up in your 
discussion depending on the interests and knowledge of your group. It 
is important, however, to make sure that the basic information about 
climate change is discussed or presented. Encourage participants to 
bring up any lingering questions that they may have. Figures included 
in this guide are also found in a PowerPoint presentation located at 
www.CREATEForumSeries.com, and can be used to supplement 
participants’ answers and graphically show some of the broad 
concepts of climate change.  

There may be people in the room who disagree that climate change is 
occurring. You can encourage these participants to visit Module 3 in 
this series, “Climate Change Controversy.” It is important that you 
hear people’s concerns and objections to climate change and ask that 
they participate in the conversation with an open mind. If this is the 
case, share the following information. 

Tell participants: “There is significant consensus within the scientific community that 
anthropogenic (human-caused) climate change is occurring.  Scientists admit that it is 1

difficult to predict climate changes in the future, and scientists debate about what the 
impacts of those climate changes might be, however this does not mean that climate change 
is ‘a hoax.’ Very small variations in global temperature can have dramatic effects on overall 
climate and weather events around the world (as we will see below). For example, the last 
inter-glacial period in the earth’s history ended about 11,000 years ago, before which ice 
sheets expanded as far south as New York City. But the average global temperatures were 
only about 4°C cooler than they are today.” 

 For more information about scientific consensus on climate change, see the following websites: 1

• National Aeronautics and Space Administration: 
 https://climate.nasa.gov/scientific-consensus/ 
• International Panel on Climate Change: 
 https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch9s9-7.html
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Warm-up Discussion 
To open the discussion, invite participants to discuss what they know about climate change 
with the person next to them. Then invite participants to share with the whole group. As they 
share, ask participants to introduce themselves by saying 1) their name, 2) what brought 
them to this forum, and 3) what they know or would like to know about climate change. 

If participants need more prompting, ask some of the following questions: 

• What do you know about climate change? 

• What have you heard about climate change? 

• What questions do you have about climate change? 

• Where and how did you first learn about climate change?  

• What have you learned about climate change since then? 

• What have you heard about climate change in the news? 

Climate Change Introductory Overview  
Facilitator’s Note: After each person has introduced him/herself, 
begin the conversation on climate change. On a whiteboard or large 
sheet of paper, write “Climate Change,” “Causes,” and “Effects,” leaving 
room beneath each category to fill in responses from participants as 
you go. Ask participants the following questions and write their 
answers on the whiteboard or large sheet of paper under the 
appropriate heading. If participants need help you may prompt them 
with the answers provided for each question.  

Tell participants: "Let’s start with a discussion about climate change. I’ll ask a few general 
questions about climate change, you all will share what you know—or make best guesses—
and I’ll fill in the blanks. Feel free to ask any questions along the way or chime in with 
additional information.” 

Q: What is climate change? 

• A: The temperature of the air at the surface of the earth is getting warmer. According to a 
Technical Report by the Intergovernmental Panel on Climate Change (IPCC), “each of the 
past three decades has been successively warmer at the Earth’s surface than any the 
previous decades in the instrumental record, and the decade of the 2000’s has been the 
warmest” (see Figure 1).  The warming of earth’s surface temperature results in many 2

 Stocker, T.F., et al., 2013: Technical Summary. In: Climate Change 2013: The Physical Science Basis. 2

Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and 
P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, p. 37.
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changes to earth’s climate and ecosystems. For example, we have lived in a period of 
relative climate stability, meaning we used to be able to expect certain weather patterns 
during different times of the year. Now, however, those weather patterns are changing, 
shifting what we expect to be ‘normal.’ 

Figure 1: Observed and projected future global annual average temperature relative to 1986–
2005. Observed warming from 1850–1900 to 1986–2005 is 0.61°C (5–95% confidence interval: 
0.55 to 0.67°C). Black lines show temperature estimates from three datasets. Blue and red lines 
and shading denote the ensemble mean and ±1.64 standard deviation range, based on CMIP5 
simulations from 32 models for RCP2.6 and 39 models for RCP8.5.  3

Facilitator’s Note: Figure 1 shows that the earth’s temperature has 
been rising very slowly in recent history. The period between 1986 and 
2005 was 0.61°C warmer than the period of time between 1850 and 
1900. This may not sound like much, but keep in mind that during the 
ice age, the global average temperature was only about 4°C cooler 
than it is now. The black lines on the graph show estimates of the 
average global temperature in history. If you look closely, you can see 
a small rise in the black line. The red and blue lines represent 
projections of the average global temperature in the future. The 
temperature might increase very quickly, or it might only increase a 
little. We don’t know yet. What we do know is that the average global 
temperatures are rising slowly right now, and that even just a few 
degrees will have a significant impact on climate. 

 Figure SPM.4 (B) from IPCC, 2014: Summary for policymakers. In: Climate Change 2014: Impacts, 3

Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. 
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, 
E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L.White (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, pp. 1-32.
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Q: Has the climate ever changed before? 

• A: Yes, the earth’s climate has changed since earth’s inception (about 4.5 billion years ago). 
Different eons, eras, periods, and epochs in earth’s history are marked by certain geologic 
and atmospheric compositions that influence the climate on earth’s surface. Only a 
fragment of the earth’s history has harbored a climate suitable to life (let alone human 
life). You may be familiar with the Mesozoic Era (when dinosaurs lived), or the Pleistocene 
Epoch (when the last ice age occurred). Currently, we are living in the Holocene Epoch that 
began about 11,700 years ago (at the end of the last ice age) and extends to the present. 
The Holocene has been marked by a particularly stable climate that is hospitable to life on 
earth and has allowed ecosystems (systems of life) to develop with relatively little difficulty 
over the last 11,000 years. Some scientists are now advocating that we have moved (or are 
moving) into a new epoch, the Anthropocene, characterized by drastic changes in climate, 
geology, and life on earth all caused by human activity. 

Q: What is the difference between “climate change” and “global warming?” 

• A: Global warming refers to the general trend that the surface temperature of the earth has 
been getting warmer since the early 20th century, but has begun to rise more dramatically 
since the 1970s (Figure 1). Climate change refers to the broad range of geologic, physical, 
climactic, and biological phenomena across the earth that are changing, such as sea level 
rise, species distribution, and most notably, extreme weather events caused by increased 
global temperature. 

Causes of Climate Change 
Q: What are some of the reasons the climate changed before? 

• A: The earth has gone through numerous periods of heating and cooling. Many of the 
reasons for these heating and cooling cycles are unknown. However, geologic and 
cosmological phenomena are thought to have contributed to these cycles. For example, 
changes in the earth’s atmospheric composition through the proliferation of plants and 
photosynthesis, volcanic eruptions, and meteor impacts on earth are all thought to have 
significantly influenced earth’s climate in the past. 

Q: What are greenhouse gasses? 

• A: Greenhouse gases include gases such as water vapor, carbon dioxide, nitrous oxide, and 
methane. Greenhouse gases significantly contribute to the earth’s warming by absorbing 
heat in the atmosphere that is reflected from the earth’s surface. They absorb heat and 
then re-emit it in all directions, thereby warming the earth’s lower atmosphere and 
surface. The more greenhouse gases there are, the more heat is absorbed and the less heat 
escapes back into space. Greenhouse gases are an important part of earth’s atmosphere, 
but too many result in too much heat being absorbed, thus warming the planet (see 
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Figure 2). Greenhouse gases come from many different places, including burning fossil 
fuels such as coal and natural gas, agricultural and development practices, and 
transportation (see Figure 3). 

Figure 2: The Greenhouse Effect.    4

Figure 3: Total US Greenhouse Gas Emissions by Economic Sector in 2015.  5

Q: How do greenhouse gases contribute to climate change?  

• A: An easy way to understand how greenhouse gases contribute to warming the earth is to 
imagine the atmosphere as a blanket around the earth. As you all have probably personally 
experienced, thicker blankets keep more warm air next to your body, whereas really thin 
blankets like sheets only trap some of your body heat. Greenhouse gases in the atmosphere 
make the atmosphere thicker, acting as a thicker blanket around earth’s surface and 
therefore warming earth’s surface more quickly. 

Q: Why do people say that climate change is human-caused? 

• A: Greenhouse gas emissions have increased dramatically since the industrial revolution. 
The gases that are emitted end up in the atmosphere, in the ocean, or back in the land. 
Since people are emitting greenhouse gases in very large amounts, climate change is 
referred to as “anthropogenic,” meaning “human-caused.” There are contributing factors 
to climate change that are non-anthropogenic. Such factors include volcanic eruptions and 

 Luber et al., “Climate Change Indicators,” US EPA, pg. 3.4

 US EPA, “Sources of Greenhouse Gas Emissions.”5
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earth’s distance from the sun, among others. Nevertheless, scientists have concluded that 
most of climate change is a result of human activity.  6

Physical Effects of Climate Change 
Q: How do weather patterns change because of climate change? 

• A: Scientists debate about how weather will actually be changed, although they agree that 
existing weather patterns will change. Often, climate scientists speak of increasing 
frequency and intensity of weather events around the globe. For example, heat waves are 
becoming more extreme and lasting longer, hurricanes are bigger and more frequent, and 
are bigger, rains have intensified in some areas while other areas aren’t getting enough 
water and are in a drought (see Figure 4). All of these changes to existing weather 
patterns will affect people all around the earth as we try to adapt to the ‘new normal' we 
are creating. 

 For more information about scientific consensus on climate change, see the following websites: 6

• National Aeronautics and Space Administration: 
 https://climate.nasa.gov/scientific-consensus/ 
• International Panel on Climate Change: 
 https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch9s9-7.html

Module 1 
!

Page !  12

TS

 Technical Summary

111

a different rate than the mean warming however, with several studies showing that projected European high-
percentile summer temperatures will warm faster than mean temperatures. Future changes associated with the 
warming of temperature extremes in the long-term are virtually certain and scale with the strength of emissions 
scenario, that is, greater anthropogenic emissions correspond to greater warming of extremes (TFE.9, Figure 1). For 
high-emissions scenarios, it is likely that, in most land regions, a current 1-in-20-year maximum temperature event 

TFE.9, Figure 1 |  Global projections of the occurrence of (a) cold days (TX10p)- percentage of days annually with daily maximum surface air temperature (Tmax) below 
the 10th percentile of Tmax for 1961 to 1990, (b) wettest consecutive 5 days (RX5day) —percentage change relative to 1986–2005 in annual maximum consecutive 
5-day precipitation totals, (c) warm days (TX90p)—percentage of days annually with daily maximum surface air temperature (Tmax) exceeding the 90th percentile 
of Tmax for 1961 to 1990 and (d) very wet day precipitation (R95p)—percentage change relative to 1986–2005 of annual precipitation from days >95th percentile. 
Results are shown from CMIP5 for the RCP2.6, RCP4.5 and RCP8.5 scenarios. Solid lines indicate the ensemble median and shading indicates the interquartile spread 
between individual projections (25th and 75th percentiles). Maps show (e) the change from 1986–2005 to 2081–2100 in 20-year return values (RV) of daily maximum 
temperatures, TXx, and (f) the 2081–2100 return period (RP) for rare daily precipitation values, RX1day, that have a 20-year return period during 1986–2005. Both 
maps are based on the CMIP5 RCP8.5 scenario. The number of models used to calculate the multi-model mean is indicated in each panel. See Box 2.4, Table 1 for index 
definitions. {Figures 11.17, 12.14, 12.26, 12.27}

TFE.9  (continued)
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 (continued on next page)

Figure 4: Global projections of the occurrence of (a) 
cold days (TX10p)- percentage of days annually with 
daily maximum surface air temperature (Tmax) below 
the 10th percentile of Tmax for 1961 to 1990, (c) warm 
days (TX90p)—percentage of days annually with daily 
maximum surface air temperature (Tmax) exceeding 
the 90th percentile of Tmax for 1961 to 1990 and (d) 
very wet day precipitation (R95p)—percentage 
change relative to 1986–2005 of annual precipitation 
from days >95th percentile… 

https://climate.nasa.gov/scientific-consensus/
https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch9s9-7.html


(Figure 4 caption continued) …Results are shown from CMIP5 for the RCP2.6, RCP4.5 and 
RCP8.5 scenarios. Solid lines indicate the ensemble median and shading indicates the 
interquartile spread between individual projections (25th and 75th percentiles). The number of 
models used to calculate the multi-model mean is indicated in each panel. See Box 2.4, Table 1 
for index definitions. {Figures 11.17, 12.14, 12.26, 12.27}.  7

Facilitator’s Note: Figure 4 shows how some weather events are 
becoming more extreme. The upper left graph displays the number of 
colder than normal days per year. The black line shows that the 
number of cold days on earth per year between 1961 and 2000 has 
decreased dramatically. The red and blue lines represent projections 
for how this trend might continue in the future. The upper right graph 
displays the number of warmer than normal days per year. The black 
line shows that the number of warm days on earth per year between 
1961 and 2000 has increased. Once again, the red and blue lines 
represent projections for how this trend might continue in the future. 
In both of these graphs, “normal” is defined by the average high or low 
temperatures between 1961 and 1990. The bottom graph displays the 
number of days that received more rain than normal per year. The 
black line shows that the number of days with more rain than normal 
has increased since 1986. The red and blue lines represent projections 
for how this trend might continue in the future. In this graph, “normal” 
is defined by the number of days with a lot of rain between 1986 and 
2005. 

Q: How will shifting weather patterns impact us? Why is this important? 

A: Changes in temperature and precipitation leads to environmental disasters because 
people are not prepared for more intense and more frequent weather events. Wildfires are 
becoming more frequent, flooding events are more widespread and more frequent, and 
hurricane damage is more extensive. In a sense, weather patterns are shifting, creating a 
“new normal.” This is important because such striking weather events pose an increasing 
danger to people around the globe, particularly to people in areas close to the ocean and to 
people who do not have the financial resources to deal with such environmental disasters 
(see Figure 5). 

 Figure TFE.9, Figure 1 (a), (c) and (d) from IPCC, 2013: Climate Change 2013: The Physical Science Basis. 7

Working Group I Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change [Stocker,T.F., D.Qin, G.-K. Plattner, M.Tignor, S.K.Allen, J.Boschung, A.Nauels, Y.Xia, V.Bex and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, UK and New York, USA.
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Figure 5: Future Climate 
Shift.  8

Facilitator’s Note: 
Figure 5 shows how 
climate change might 
make extreme weather 
events more common. The 
light grey line represents 
our current climate. We 
have some cold and some 
really cold days. We also 
have some hot and some 
really hot days. However, 
if the average temperature 
increases, then the climate 
will shift with it. The dark 
black line represents what 

a future climate might look like. As you can see, in the future climate there will still be 
some cold days, but not as many. Furthermore, there will be lots more hot days, and 
even more really hot days. We are already starting to see this shift in climate (think 
about the graphs we just looked at), and this shift will continue as the earth continues to 
warm up. Not all of the earth will be affected by this shifting climate equally. For 
example, areas that frequently experience really hot days may become uninhabitable, as 
we saw with the 2015 heat wave in Pakistan that killed many people who could not find 
ways to cool off. 

Q: How will climate change affect us locally? 

Facilitator’s Note: It might be difficult for people to think of how 
climate change will directly affect them. There are some general ways 
that climate change will affect everyone (increased flooding and 
drought, extreme heat and cold) and there are also probably some 
concerns that are specific to your community. Share with participants 
the local impacts of climate change in your area that you came across 
during your preparation research. 

 “Future Climate Shift | Southwest Climate Change Network.” Figure from the Institute of the Environment at 8

the University of Arizona, modified from the Intergovernmental Panel on Climate Change Fourth Assessment 
Report, 2007.
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Climate Change Summary 
 Tell participants: “To sum up, we’ve just covered the physical dynamics of the earth’s ‘new 
normal.’ We’ve discussed that fossil fuels release greenhouse gases such as carbon dioxide 
into the air. The atmosphere then traps those greenhouse gases creating a blanket around 
the earth that traps heat. The trapped heat causes temperatures to rise so ice and snow melt 
faster and water from land and from the ocean evaporates more quickly. Water vapor from 

evaporation 
increases the 
thickness of the 
blanket around the 
earth, thus trapping 
even more heat. 
The melting ice 
caps cause sea 
levels to rise, which 
displaces people 
living near the 
coasts, all while 
extreme weather 
events become 
more and more 
common.” 

Figure 6: Global Climate Change Concept Map 

Impacts of Climate Change on Humans in the United States 
Tell participants:  “The ‘new normal’ of extreme weather involves warmer temperatures and 
increased precipitation (both results of climate change) becoming more and more frequent. 
This will impact humans in many ways. What are some impacts of climate change on 
humans in the United States that you can think of?”  

Prompt participants with the following questions and information as needed. 

Q: How could climate change affect our water supply and safety? 

• A: Increased frequency and intensity of rainfall increases the likelihood of water body 
contamination because of excess runoff. Additionally, higher incidences of droughts in the 
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Southwest and eastern regions of the U.S. limit water availability for consumption, energy 
generation, and agriculture.  9

Q: How could climate change affect food security and availability in the United States? 

• A: Warmer temperatures have resulted in significant losses and additional costs for U.S 
farmers. In 2012, premature budding of Michigan cherries due to warm winters resulted in 
a $220 million loss. Such losses decrease food supply, which typically results in increased 
food prices.   10

Q: How could climate change affect our transportation?  

• A: Increased temperatures increase the frequency of maintenance for transportation 
infrastructure. For example, cars may overheat more, railroad tracks may expand and 
buckle, and heat waves would make it difficult for pedestrians and cyclists to move around 
comfortably.  11

Q: How could climate change affect our health? 

• A: Climate change increases the probability of climate-sensitive diseases. Ticks that carry 
Lyme disease are limited by temperature; however, as temperatures warm tick ranges will 
increase. Bacteria such as salmonella that cause food poisoning also thrive in warmer 
climates. People who will be most affected by temperature changes and worsening air 
quality are children, older people, pregnant adults and people who are poor.   12

Facilitator’s Note: After the discussion on climate change comes to 
an end, transition to the next section below. If you have time, consider 
Expansion Pack Activity #2, “Calculate Your Carbon Footprint,” 
for a personal exploration into carbon emissions and suggestions for 
practical actions to take to reduce your environmental impact. 

Transition: “These are just some of the many ways that climate change will affect humans. 
But climate change also affects other forms of biological life. This brings us to the other part 
of the ‘new normal,’ which is about how living things respond to these new physical 
conditions. As the climate shifts, ecosystems on earth will change as well.” 

Biological Effects of Climate Change 
Tell participants: “Before we talk about the impacts of climate change on ecosystems, it’s 
important to understand that some ecosystem change is normal and would happen even if 

 US EPA, “Climate Impacts on Water Resources.”9

 US EPA, “Climate Impacts on Agriculture and Food Supply.”10

 US EPA, “Climate Impacts on Transportation.”11

 US EPA, “Climate Impacts on Human Health.”12
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humans weren’t on earth. For example, let’s suppose that there is a river that runs around 
the base of a volcano. Volcanic eruptions release ash into the air, which eventually falls into 
the water and affects the water’s acidity, and turbidity (how murky it is), and sometimes 
adds toxic chemicals to the water. These conditions aren’t ideal for many fish.” 

Ask participants the following questions. Use the answers provided to prompt participants as 
needed. 

Q: How might the fish respond to these changes in the river?” 

• A: Some of the fish might be able to withstand higher levels of poison in the water. Those 
fish would live and reproduce so that the fish can continue to live in the river with a higher 
toxicity. 

This process is called adaptation. It occurs when the morphological (structural), 
psychological, or behavioral characteristics of the species change over generations to 
be more aptly suited to live in the new environment.  

• A: Some of the fish might leave the river and go find a new river to live in. This would 
depend on if there were new rivers to move into, or if there was the possibility to move 
upstream, above the volcano, where there were fewer pollutants in the water. 

This process is called migration. The range of a species can shift to encompass more 
favorable climates or ecosystems for that species. This can occur on a localized level 
(such as the stream example), or it can involve more widespread migration, such as 
migrating towards the poles or upwards in elevation. 

• A: The fish could all die. 

If a species cannot adapt or migrate quickly enough, the individuals will die and the 
species will go locally extinct. 

Transition: “Ecosystem change is normal. The processes of adaption, migration, and 
extinction are normal. The difference for us now, in our ‘new normal,’ is that physical 
dynamics are changing so quickly or on such a large scale that a massive number of species 
cannot adapt or migrate fast enough. They simply go extinct, locally or globally. Our next 
exercise will show how this happens.” 

Mass Extinction 
Suggested Time: 25 minutes 

Facilitator’s Note: These are complicated concepts. For more 
information, refer to the references listed for each concept on the 
Climate Change and Mass Extinction Handout found in the Teaching 
Materials section of this module. Make sure you have a basic 
understanding of each of these concepts before beginning this activity 
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with the group. Pass out the Climate Change and Mass Extinction 
Handout and give participants instructions for the activity. 
Depending on your group’s access to and comfort with technology, you 
may choose to do Activity 1 or 2. Activity 1 is suitable for groups who 
have access to technological resources and who feel comfortable using 
them. Activity 2 is suitable for groups who either do not have access to 
technological resources or would rather not use them. 

Activity 1 – Divide the large group into six small groups and give 
each group one of the following “Characteristics of Biological Life” 
listed on the handout (alternatively, divide into three groups and give 
each group two characteristics). Ask each group to do some quick 
research on their assigned characteristics using smart phones, 
computers, or physical resources available such as encyclopedias. 
Instruct participants to 1) Define of the term, 2) Describe how climate 
change might impact this characteristic of a species or ecosystem, and 
3) Find an example of how climate change has (or could) impact this 
characteristic of a species or ecosystem. Inform participants that the 
back of the handout includes a list of websites to help get each group 
started. Tell participants that they have 10 minutes to research, after 
which each group will present their findings to everyone. 

Ensure that you allow participants the freedom to research. If any 
groups are struggling to find information, provide them suggestions 
from each of the examples below. Use the pictures provided to help 
illustrate these concepts if needed, or let participants find pictures that 
illustrate their examples.  

Activity 2 – Write each characteristic of biological life on the board, 
or refer participants to their handout. Ask participants to name which 
of these characteristics they recognize and which ones are new to them. 
For characteristics participants recognize, ask them to define the 
characteristic and give examples. Then ask participants to discuss how 
climate change might affect each of these characteristics and ask them 
to give examples. Write answers on the board as participants speak up. 
Assist participants when necessary. 

Species Range 
• Species Range refers to the geographical range in which a species can be found. 

• As climate change progresses, some areas get warmer, some get colder, weather extremes 
become more normal and significant changes in precipitation occur. Some species on earth 
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will respond to these changes by migrating towards a geographic area that has a more 
suitable climate. This species-wide migration changes the species range. For example, 
scientists have found cases of boreal (warm-water) fish moving into arctic waters as ocean 
temperatures rise.  For these fish to be successful at more northern latitudes, their food 13

sources must also move northward or they must find new food sources in their new range. 
Other considerations of such a shift in range include risks of predation, disruption of the 
ecological balance in both the previous and the new ranges, and the potential for economic 
losses or gains in respective fisheries. 

• Plants will also be affected by climate change. Figure 7 shows current gardening zones for 
the United States. Notice how in the eastern United States the bands are very clearly 
defined. In the western United States, however, significant mountain ranges and valleys 
effect the continuity of the gardening zones. As the climate shifts, the gardening zones are 
also likely to shift north in latitude or upward in elevation for plants to grow in their 
suitable climates. Gardeners in different parts of the United States will be able to plant 
different kinds of plants, and some of their usual plants will no longer grow well. 

Figure 7: USDA Plant Hardiness Zone Map  14

 For more information about such fish, see Dawicki, “North Atlantic Fish Populations Shifting as Ocean 13

Temperatures Warm.”

 “USDA Plant Hardiness Zone Map.”14
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Phenology (Seasonality) 
• Phenology refers to the seasonality of an organism. For example, trees often produce 

leaves at the first signs of spring, certain species of flowers tend to bloom earlier or later in 
the year, and birds migrate yearly. Temperature, precipitation, and sunlight all affect the 
phenology, or timing, of these events.   

• Plants respond to changes in temperature, precipitation, and sunlight and follow seasonal 
patterns throughout the year (especially in temperate areas). Think about leaves changing 
colors in the fall (Figure 8). Let’s look at an example of how the phenology of one species 
might be affected by climate, and in turn affect an entire ecosystem. Warmer winters might 
cause early leaf production or flowers to bloom earlier in the spring. This could make new 
leaves susceptible to late frosts. Insects that rely on new leaves for food might come after 
the new leaves have grown, so they would only have tough older leaves for food. This could 
cause the insect population to dwindle, which can impact various aspects of the food web, 
all because of one warmer winter.  

• The timing of flower blooms is also important. Flowers blooming early or late could miss 
the seasonal increase in the population of insects. This could mean that the flowers don’t 
get pollinated and the plants can’t reproduce (Figure 9). This could jeopardize food 
production for humans because agricultural cycles are tightly connected to the abundance 
of insects. These changes in phenology usually benefit some organisms and hurt others, 
influencing the development of a ‘new normal’ as it pertains to life on earth. 

Figure 8: Trees in the fall. 
Figure 9: Bee pollinating a flower. 

Morphology (Anatomy) 
• Morphology refers to the structural characteristics of an organism. For example, giraffes 

have long necks and fish have fins. 
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• Often, climate variations determine some morphological (or structural) characteristics of 
an organism. At an extreme, some reptiles have “temperature dependent sex 
determination.” This means that the temperature in the air determines the sex of the baby 
turtles. For many turtle species, males hatch from cooler nests and females hatch from 
warmer nests. Warmer temperatures would result in an abundance of female turtles, lower 
temperatures would results in an abundance of male turtles, and a small temperature 
range in the middle can produce both male and female turtles. If the climate continues to 
warm, then too many female turtles would hatch and there might not be enough male 
turtles for them to reproduce with. 

• Leaf morphology in plants is often dependent on water and light availability. Less 
resources to grow yields smaller leaves, therefore less surface area for photosynthesis, 
meaning less energy for reproduction. Temperature also affects morphology. Leaves might 
become thinner or adjust their shape to maintain smaller surface area. Less surface area 
means less area is available for evaporation, a significant source of water loss for plants in 
warm climates. Figure 10 shows four leaves, all from the same tree species, but taken 
from trees in different parts of the United States. The leaves all look a little different.  
Some have jagged edges, called teeth, and some are smoother. Researchers found that 
temperature variations in different regions of the US produce leaves with more or less 
jagged edges. In this species, trees grown in colder environments (like Rhode Island) have 
more teeth than trees grown in warmer environments (like Florida).  15

Figure 10: Representative leaves of Acer rubrum used in study. Leaf derived from Ontario seed 
stock grown in (A) Rhode Island and (B) Florida; leaf derived from Florida seed stock grown in (C) 
Rhode Island and (D) Florida. For all leaves, petioles have been removed and minor damage 
along the margin has been corrected with white lines.  
Bar (for all leaves) = 1 cm.  16

 Royer et al., “Phenotypic Plasticity of Leaf Shape along a Temperature Gradient in Acer Rubrum.”15

 Royer et al., “Phenotypic Plasticity of Leaf Shape along a Temperature Gradient in Acer Rubrum.”16
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Facilitator's Note: Figure 10 shows four leaves, all from the same 
tree species, but taken from trees in different parts of the United States. 
Compare Leaf A to Leaf B. Of these two leaves, Leaf A was grown in a 
cooler climate and Leaf B was grown in a warmer climate. You can see 
that Leaf B has smoother edges. Now compare Leaf C to Leaf D. Of 
these two leaves, Leaf C was grown in a cooler climate and Leaf D was 
grown in a warmer climate. You can see that Leaf D also has smoother 
edges. This study shows that for this species, trees grown in cooler 
environments (like Rhode Island) have more teeth than trees grown in 
warmer environments (like Florida). The trees grown in warmer 
climates have smoother edges. 

Physiology (Function) 
• Physiology refers to the function and actions of biological life. 

• The physiology of organisms can also change because of changes in climate. For example, 
organisms reproduce more quickly or less quickly, or are more active or less active 
depending on the temperature, precipitation, and sunlight. Warmer temperatures can 
mean some animals don’t spend as much energy keeping warm, thus they have more 
energy for growth and reproduction. Warmer temperatures for other animals, however, 
can mean they need to spend more time keeping cool in the shade and thus have less time 
to hunt for food. For example, lizards regulate their body temperature via the sun. They 
need sufficient time to search for food, but they can’t do that if it is too hot or too cold 
outside. Figure 11 shows graphs that record the activity of lizards at different times of the 
day and at different points of the year. As you can see, lizards are not very active when 
temperatures are coolest (at night and in the winter). Lizards are also not very active 
during the warmest part of the day during the summer. If there are too many very warm 
days during the summer, or too many very cool days during the winter, then it becomes 
harder for lizards to be able to regulate their body temperature while they hunt for food. 

Facilitator’s Note: Figure 11 shows the daily activity of one species 
of lizard at four times throughout the year. Focus on Graph B. This 
graph shows the lizards’ activity in the summer. As you can see, the 
lizards are least active between noon and 1pm. This is the hottest part 
of the day. Conversely, focus on Graph D. This graph shows the lizards’ 
activity in the winter. As you can see, in the winter lizards are most 
active between 1pm and 2pm, when the temperature has warmed up 
the most. These lizards must find enough cool times in the summer and 
enough warm times in the winter to hunt for food all year-round.  
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Figure 11: Diel changes in mean microhabitat temperature: air temperature (circles), soil 
temperature at surface (triangles), 50mm (square), and 100 mm of depth (lozenge); and daily 
activity cycle of Liolaemus occipitalis Boulenger, 1885 in the sand dunes of Quintai beach, 
Palmares do Sul, southern Brazil, recorded in Spring (A), Summer (B), Fall (C), and Winter (D) 
between September 1998 and August 1999.  17

Pathogens 
• A pathogen is a bacterium, virus, or other microorganism that causes disease. 

• The growth capacity of an organism can be dependent on various aspects of climate such 
as temperature, precipitation, and sunlight. Climate change, therefore, has the capacity to 
alter incubation rates of pathogens. Malaria incubates more quickly at higher 
temperatures. Figure 12 shows the distribution of malaria in accordance with climate 
suitability in Africa. As temperatures rise in Africa and around the world, pathogens will be 
introduced to new areas where they haven’t previously been found.   18

 Bujes and Verrastro, “Annual Activity of the Lizard Liolaemus Occipitalis (Squamata, Liolaemidae) in the 17

Coastal Sand Dunes of Southern Brazil.”

 Irfan, “As Temperatures Climb, So Does Malaria.”18
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Figure 12: Distribution of Endemic Malaria.  19

 MARA, “Distribution of Endemic Malaria.”19
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Biodiversity  
• Biodiversity refers to the diversity in species in a region.  

• Figure 13 shows the density of vascular plants in the United States. This map displays the 
relative biodiversity among plant species, indicating that more diversity in vascular plants 
exists along the coasts as opposed to the interior. This could partially be because of 
climate, but agriculture in the US could also play a part in biodiversity. The Midwest 
Unites States is full of fields of corn and other crops, yielding areas with very low 
biodiversity.  20

Figure 13: Density Gradient of Native Vascular Plant Species per 10,000km2.  21

• As climates change, the ability of certain species to flourish in that area also changes. Some 
species do better while others do worse, changing the overall ecological make-up 
(biodiversity) of the region. The loss of one species might lead to the loss of significantly 
more species, changing the overall amount of biodiversity present. For example, an 
increase in the concentration of carbon dioxide in the air corresponds with an increase in 

 Landis, “Designing Agricultural Landscapes for Biodiversity-Based Ecosystem Services.”20

 Kartesz, “The Biota of North America Program (BONAP).”21
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the concentration of carbon dioxide in the oceans. So, the more carbon dioxide that is 
released into the atmosphere means more carbon dioxide will be absorbed by the oceans. 

• Increased concentration of carbon dioxide in the ocean often results in an increase of the 
pH of the water (this process is called ocean acidification and occurs when carbon dioxide 
reacts with seawater to form carbonic acid). Ocean acidification can often lead to the death 

of corals. Corals provide home to thousands of 
different species. If the corals die, other species 
will also die or have to find a new habitat. 
Figures 14 and 15 show a coral habitat 
before and after the death of the coral. The loss 
of corals due to ocean acidification would 
significantly change the biodiversity of the 
entire area. 

Figure 14: A healthy coral ecosystem. 
Figure 15: A bleached coral.  22

Other Human Activities that Contribute to Species Loss 
Transition: Ask if anyone has any questions. Be ready to answer questions. If you don’t know 
the answer, ask other members of the group to try to explain or ask someone to try to find an 
answer using their smart phones or computers. After all questions have been addressed, ask 
participants the following question. Use the information below to prompt participants as 
needed. 

 Roff, Bleached Branching Coral (Acropora Sp.) at Heron Island, Great Barrier Reef.22
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Q: In addition to climate change, what other human activities contribute to species loss and 
extinction events? 

• A: Habitat destruction yields fewer places for biological life to live. 

 Hint: What happens when forests are cleared for monocrop agriculture? 

• A: Pollution has the potential to render existing habitat un-usable, or to harm organisms 
outright. 

 Hint: Think of oil spills and toxic waste from landfills. 

• A: Over-consumption has the capacity to leave populations of wildlife unable to replenish 
themselves. 

 Hint: Over-harvesting fisheries is one example. 

• A: Invasive species moved around by human activity threaten to overrun the species 
existing there previously. 

 Hint: Think of Kudzu, Chinese privet, or Zebra mussels. 

Mass Extinction Summary 
Tell participants: “All of these factors, compounded by climate change, make it very difficult 
for species to adapt or migrate quickly…So many more species than normal simply go 
extinct. Extinctions are happening so fast right now that biologists are calling the present 
moment an example of ‘mass extinction.’ Mass extinction occurs when there is a relatively 
sudden, global decrease in the diversity of life forms. There have been 5 mass extinctions on 
earth that we can see in the fossil history (see Figure 16).  

“Many scientists think that we are now heading into a sixth mass extinction event that is 
primarily human caused and integrally related to climate change. The extinction rate is 
currently between 100 and 1000 times faster than the normal background extinction rate. It 
is normal for between 10 and 25 species to go extinct every year; it is not normal for the rate 
of extinction to exceed that by 100 to 1000 times. For example, researchers found that in the 
last 100 years vertebrates have been dying out 114 times faster than they would have without 
human activity. This means that the same number of vertebrates went extinct in the last 100 
years as would have historically taken 11,400 years under the normal background extinction 
rate.  This means that we are losing species on earth at a very dramatic pace, leading some 23

scientists to believe that we are heading into a sixth mass extinction event. Extinction 
impacts the ecosystem stability of an area, furthering the likelihood of extinction for other 
species.” 

 Pappas, “Extinction Rates Soar to 1,000 Times Normal (But There’s Hope).”23
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Figure 16: Catastrophic Events during the Age of Fossils.  24

Facilitator’s Note: After the discussion on mass extinction comes to 
an end, move to the short writing exercise below before ending the 
module with some brief closing remarks. If you have time, consider 
Expansion Pack Activity #3, “Climate Change as the Perfect Moral 
Storm,” for a guided conversation about some of the difficulties of 
addressing climate change. 

 Puckett, “Life and Global Climate Change on Earth.”24
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Closing Remarks 
Suggested Time: 10 minutes 

Writing Exercise  
Tell participants: “We are now going to move into a short writing exercise. On the piece of 
paper (or note card) provided, please write down your initial thoughts about our discussion 
of climate change and mass extinction, as well as any questions that you might have. What 
surprised you about this discussion? What is your gut reaction to the information presented? 
How does this discussion inform (or not) your understanding of the current state of our 
environment?”  

Facilitator’s Note: After everyone has had some time to write, ask if 
any participants would like to share their thoughts. Once everyone has 
had a chance to share their thoughts and ask questions move the 
conversation towards the concluding remarks.  

Envisioning and Creating A ‘New Normal’ 
Transition: “Thank you all for sharing your thoughts. It’s important and difficult to take 
stock of what the earth’s ‘new normal’ is and how humans had a role in causing that new 
normal. There’s also some good news in that we aren’t done yet. We can start making 
different choices about how we live on earth. The question is, what do we want our ‘new 
normal’ to look like, and what do we need to do to achieve that?” 

Write participants’ responses on a board so that they can see and learn from each other. Ask 
the following questions to prompt participants as needed: 

• What would a hopeful world look like to you?  

• What do you want to see in the world?  

• What are some ways that you can work towards making the world a better place?  

• How can you personally work towards mitigating climate change?  

• How can you bring these concerns about climate change to your community?”  

After the discussion concludes, finish with a poem about hope: 
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 “The Peace of Wild Things” by Wendell Berry 

When despair for the world grows in me  

and I wake in the night at the least sound  

in fear of what my life and my children’s lives may be,  

I go and lie down where the wood drake  

rests in his beauty on the water, and the great heron feeds.  

I come into the peace of wild things  

who do not tax their lives with forethought  

of grief. I come into the presence of still water.  

And I feel above me the day-blind stars  

waiting with their light. For a time 

I rest in the grace of the world, and am free. 

Conclusion 
As the discussion comes to an end, thank the participants for coming. If time allows, 
consider an Expansion Pack Activity located at the end of this module. Direct 
participants to the Additional Resources listed at the end of this module for further 
exploration and encourage participants to continue talking about climate change in their 
communities. 
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Teaching Materials 

Facilitator’s Note:  

The Climate Change and Mass Extinction Handout (2 pages) 
should be printed ahead of time and distributed to participants when 
prompted in the module. Each participant should receive their own 
handout. 

Climate Change and Mass Extinction Images 

Facilitator’s Note:  

The Climate Change and Mass Extinction Images found 
throughout the module are available at 
www.CREATEForumSeries.com. These images can be printed out 
ahead of time and distributed among participants as directed in the 
module. It is only necessary to print one or two sets of the images for 
participants to share. Alternatively, the Climate Change and Mass 
Extinction Images can be displayed as a PowerPoint Presentation. 
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Climate Change and Mass Extinction Handout 
Changes to ecosystems caused by changes in climate affect different species in many ways. 
Biological life, in turn, responds to those changes in different ways. The following are some 
characteristics of biological life that can be altered because of climate change. Suggestions 
for research are on the next page. For each of these characteristics, complete the following: 

1. Provide the definition. 

2. Explain how climate change might impact each characteristic of biological life. 

3. Give an example of how climate change has impacted each characteristic for one or more 
organism, species, or ecosystem. 

Characteristics of Biological Life
A) Species Range

B) Phenology (seasonality)

C) Morphology

D) Physiology

E) Pathogens

F) Biodiversity
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Range of Species 

• http://nationalgeographic.org/encyclopedia/species-range/	
• http://www.nefsc.noaa.gov/press_release/2009/SciSpot/SS0916/		
• https://www.arborday.org/media/mapchanges.cfm	
 

Phenology 

• https://www.nwf.org/Wildlife/Wildlife-Conservation/
Phenology.aspx	

• https://www.epa.gov/climate-indicators/climate-change-
indicators-leaf-and-bloom-dates	

• https://www.usanpn.org/		
 

Morphology 

• http://www.nature.com/news/climate-change-linked-to-
shrinking-leaves-1.10941	

• http://www.tankonyvtar.hu/en/tartalom/
tamop425/0010_1A_Book_angol_01_novenyelettan/ch04s05.html	

• http://www.britishcheloniagroup.org.uk/testudo/v2/v2n3sex		
 

Physiology 

• http://news.ucsc.edu/2010/05/3787.html	
• http://www.nature.com/nclimate/journal/v1/n2/abs/
nclimate1084.html	

• https://www.adinstruments.com/blog/Pish-physiology-and-
climate-change		

Pathogens 

• http://science.time.com/2013/09/02/a-warmer-world-will-
mean-more-pests-and-pathogens-for-crops/	

• https://www.scientiPicamerican.com/article/as-temperatures-
climb-so-does-malaria/	

• http://highered.mheducation.com/sites/0035456775/
student_view0/chapter6/food_pathogens_and_temperature.html		

 
Biodiversity 

• http://www.nova.org.au/great-barrier-reef	
• http://www.globalissues.org/article/172/climate-change-affects-
biodiversity	

• http://www.nova.org.au/earth-environment/climate-change-and-
biodiversity	  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Expansion Pack 

Activities  
#1 Solar Oven Greenhouse Effect  
Suggested Time: 1 hour, concurrently with the module. 

For this activity, you will need: 

• Old tire tube, inflated 

• Piece of wood large enough for tire tube to lay on (plywood works well) 

• Aluminum cooking container with lid, painted black on the outside 

• Ingredients for a 1-pot meal, or chocolate-chip cookies 

• Piece of glass large enough to cover the tire tube 

This expansion pack activity is best started at the beginning of the module and will be 
completed by the end of the hour. This expansion pack activity requires outdoor access, 
preferably on a warm and sunny day.  

Before participants arrive, gather all the materials listed above and assemble your solar oven. 
It is also a good idea to pre-measure or mix the meal that you will be cooking to save time. To 
assemble the oven, place a piece of plywood on the ground in a sunny area and then put the 
inflated tire tube on the wood. Keep the remaining materials nearby. 

After the introduction to this module, ask participants to gather around the solar stove. Tell 
them that an important aspect of climate change is the greenhouse effect, which we will be 
talking about later. We will use this oven to illustrate how the greenhouse effect works. With 
participants watching, mix the ingredients for your meal or cookies in the aluminum cooking 
container and place the container in the center of the inflated tire tube on the piece of 
plywood. Then place the black-painted lid on the cooking container before covering the 
container and the tube with the large piece of glass.  

Let this oven sit in the sun for the remainder of the module, referencing it as appropriate 
when discussing the greenhouse effect. At the end of the module, bring participants’ 
attention back to the solar oven and check on your meal. It should be warm and ready to eat! 

Module 1 
!

Page !  34



#2 Calculate Your Carbon Footprint  
Suggested Time: 15 minutes 

This expansion pack activity requires access to the Internet and is best completed after the 
discussion on “Climate Change” and before the discussion on “Mass Extinction.” 

Instruct participants to calculate their carbon footprints using an online Carbon Footprint 
Calculator. The Nature Conservancy (http://www.nature.org/greenliving/
carboncalculator/)  has a good one, but you can find many of these programs online. 25

Participants will need to enter their zip code and then estimate their travel, home energy use, 
food consumption, shopping habits, etc. Accuracy is important, but perfection is not 
necessary. If participants have trouble, ask them to just use national averages for each 
category. After everyone has calculated their carbon footprints, lead a short discussion about 
the activity. 

Ask the following questions to prompt discussion as needed: 

• What is something you learned from this activity? 

• What surprised you about this activity? 

• What are some of the areas of your life that produce the most carbon? 

• What are some actions that you can take to reduce your carbon footprint?  

#3 Climate Change as the Perfect Moral Storm  
Suggested Time: 20 minutes 

This expansion pack activity is best completed after the discussion on “Mass Extinction,” 
right before the “Closing Remarks.” 

Tell participants: “In the discussion so far we have talked about how human actions are 
changing the climate of our world. We have also discussed some ways that biological life 
responds to those changes, and how the characteristics of climate affect the ability of 
different types of biological life to flourish. Significant time and resources have been devoted 
to studying these phenomena, including many proposals to alleviate the causes and threats 
of climate change (for example, solar energy, eating vegetarian, recycling, etc.). However, 
effectively addressing climate change and mitigating the adverse effects of climate change 
have been difficult to achieve. Why?”  

Ask participants the following questions to prompt discussion: 

• Why do you think climate change is a particularly difficult problem to solve? 

 The Nature Conservancy, “Free Carbon Footprint Calculator.”25
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• Who needs to cooperate to help solve the problem of climate change? 

 A: Different countries/states/cities, industries, generations of people, etc. 

• Why might some of these different people have difficulty cooperating? 

• Who are some of the people who currently benefit from climate change or who might resist 
action to address climate change? 

 A: Oil/gas/coal companies and people who work in those fields, etc. 

Facilitator’s Note: This discussion is not meant to charge these 
people with resisting progress to address climate change. Rather, this 
is to point out that people work in these fields and that their livelihoods 
depend on mining, selling, and using fossil fuel resources. People who 
work in these fields have to be considered when making decisions 
about climate change mitigation. 

• What advancements in science and technology are required to address climate change on a 
large scale? 

Once participants have discussed the reasons that they think climate change is difficult to 
address, introduce them to the concept of climate change as the ‘perfect moral storm.’  

Tell participants: “Climate change is very difficult to address, for some of the reasons we just 
discussed and others. Stephen Gardiner asserts that climate change is very difficult to 
address and reverse, calling climate change the ‘Perfect Moral Storm.’ Gardiner lists the 
complicated and multifaceted difficulties of effectively addressing climate change concerns. 
He states that climate change is 1) a global phenomenon, 2) an intergenerational 
phenomenon, and 3) susceptible to moral corruption.  How might the following contribute 26

to the difficulty of addressing climate change?” 

Facilitator’s Note: Write each of the following characteristics of 
climate change on the board: 1) Global, 2) Intergenerational, 3) Moral 
Corruption. Ask participants to fill in why they think each of these 
characteristics of climate change might make climate change 
particularly difficult to address and mitigate. Use the information 
below to prompt participants as needed. 

Q: How does climate change as a global phenomenon contribute to the difficulty of 
addressing climate change concerns? 

• A: Climate change is not caused by a single agent, but rather by many agents acting 
together from many different sources. For example, greenhouse gases are emitted from 

 Stephen M. Gardiner, “A Perfect Moral Storm: Climate Change, Intergenerational Ethics and the Problem of 26

Moral Corruption.”
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many different sources and they all collectively contribute to climate change. It is not 
enough to curb greenhouse gas emissions from just one area; rather greenhouse gas 
emissions must be reduced collectively around the world. Questions of justice and equity 
then arise, as both developing and developed countries debate who should shoulder the 
burden of curbing greenhouse gas emissions and who should be allowed to continue 
emitting greenhouse gases. 

• A: The effects of climate change are often felt far (spatially) from the causes. For example, 
flooding rarely occurs in the exact places where greenhouse gases are being emitted. 
However, greenhouse gases contribute to increases in extreme weather events that are felt 
most strongly near the coast and in dry regions of the world. Questions of social justice 
then arise as both the ability to produce emissions and the ability to respond to 
environmental changes are considered across a global world. In other words, who is 
reaping the benefits and who is shouldering the burdens of greenhouse gas emissions? 
Addressing climate change requires cooperation around the world between people bearing 
differing responsibilities and experiencing differing effects. 

Q: How does climate change as an intergenerational phenomenon contribute to the 
difficulty of addressing climate change concerns? 

• A: The decisions of the current generation greatly influence the reality of the next 
generation, while the next generation has no voice in influencing the decisions of the 
current generation. 

• A: The effects of climate change are often felt far (temporally) from the causes. For 
example, greenhouse gases stay in the atmosphere for a long time and accumulate over the 
years. This accumulation results in greater effects of climate change in years to come than 
at present.  

• A: To successfully address climate change, we must begin to think, plan, and act in 
consideration of the people who will inhabit the earth after us. Some native groups of 
people make decisions with the next seven generations in mind. This stems from an 
ancient Iroquois philosophy that centers the people of the future in questions of 
environmental resources and development. The cleaning products “Seventh Generation” 
builds on this idea.  27

Q: Why are actions to address climate change easily susceptible to moral corruption? 

• A: It is easy for people to “cheat” and not uphold collective agreement on actions to 
mitigate climate change. This is because of a discrepancy between individual interests and 
the collective interest. It is best for an individual to participate in greenhouse gas emitting 
activities because it benefits them in the short term, while it is best for the collective people 

 “About Seventh Generation.” 27
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to reduce greenhouse gas emitting activities because it will slow the effects of climate 
change that are experienced by people all over the world. This is exacerbated by distances 
in time and space, as discussed above. 

After the discussion comes to an end, continue the module with the short writing exercise 
before the closing discussion. Include reflection on this discussion of “Climate Change as the 
Perfect Moral Storm” in the writing prompt. 

Additional Resources  
The following websites have tools for further exploration in the fields of climate change and 
mass extinction. Encourage participants to explore these websites after the module (if time) 
or at home on their own time.  

• Climate Re-analyzer: Explore weather, climate, and climate change on earth. 

 http://cci-reanalyzer.org/ 

• NOAA National Temperature and Precipitation Maps: Explore how climate is changing in 
the United States. 

http://www.ncdc.noaa.gov/temp-and-precip/us-maps/ytd/201608?
products[]=tave&products[]=tave-anom#us-maps-select 

• National Climate Assessment: Explore how climate change impacts people and the 
environment in the United States. 

 http://nca2014.globalchange.gov/ 

• National Climate Assessment: Explore how plants and animals respond to climate change 
in the United States. 

http://nca2014.globalchange.gov/highlights/report-findings/ecosystems-and-
biodiversity/graphics/species-responses-climate-change 

• NOAA Coral Reef Watch: Explore how coral reefs are responding to climate change. 

 https://coralreefwatch.noaa.gov/satellite/index.php  

• Convention on Biological Diversity: Watch this video about the relationship between 
climate change and biodiversity. 

 https://vimeo.com/7965089 

• Smithsonian, “What Is the Anthropocene and Are We in It?” Read this article about the 
Anthropocene and discuss your thoughts. 

http://www.smithsonianmag.com/science-nature/what-is-the-anthropocene-and-
are-we-in-it-164801414/?no-ist  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