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Module 1: Understanding the Climate Crisis

Learning Objectives

By the end of the module, teachers will be able to:
- Explain the core scientific principles of climate change
- Describe how the climate crisis affects the natural environment, society and the

economy

Time Required

3-4 hours
The estimated completion time is based on the average time expected to complete
the entire module, excluding the additional resources (3 hours), or else including them

(more than 4 hours).

Applicability

The Units of this module are designed for all teachers; however, Unit 1 may be of
greater relevance to Humanities, Languages, Arts, Social science and Mathematics

teachers.
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Executive Summary

Climate change is a complex, interdisciplinary challenge which affects all aspects of
life and therefore must be understood and taught in a cross-curricular way. This
module is structured into three units to build teacher knowledge and confidence for
climate education in middle schools. Each unit focuses on core theoretical content, to
support self-study. It equips educators with a clear, scientifically grounded
understanding of the climate crisis. It addresses identified knowledge gaps in the NDR
and empowers teachers to integrate accurate, age-appropriate, and engaging climate

education into their classroom practices.

The science of climate change tells a clear story: Our planet is warming at an
extraordinary rate, humans are the cause, and significant changes are underway in
Earth’s climate system. Understanding these fundamentals — the greenhouse effect, the
evidence for warming - is essential for any educator aiming to teach about climate
change. Armed with scientific knowledge (Unit 1), teachers can confidently address
misconceptions and lay the groundwork for deeper discussions on social and ecological

impacts (Unit 2).
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Unit 1: The Science of Climate Change

Climate change is one of the defining issues of our time. In simplest terms, climate is
the long-term average of weather patterns in a region (usually measured over
decades), whereas weather is the short-term conditions we experience day to day. For
example, a single hot summer day is weather, but a trend of hotter summers over many
years reflects a changing climate. When scientists talk about climate change, they
mean shifts in these long-term patterns of temperature, precipitation, winds, and other
measures over decades or more. Global climate change today refers to the rapid,

human-caused alteration of Earth’s climate system observed since the 19th century.

Earth’'s Energy Balance and the Greenhouse Effect

To understand climate change, we start with Earth’s energy balance — the balance
between energy Earth receives from the Sun and the energy Earth radiates back into
space. The Sun is the primary energy source driving Earth’s climate. Earth continuously
absorbs solar radiation and re-emits energy as heat (infrared radiation). In a stable
climate, the incoming energy is balanced by outgoing energy escaping to space. If
more energy enters than leaves, Earth will warm until a new balance is reached; if more

energy leaves than enters, Earth will cool.

A key factor in this balance is our atmosphere. Some incoming sunlight is reflected
back to space by bright surfaces like clouds and ice, and the rest is absorbed by the
land, ocean, and atmosphere The absorbed energy is later emitted as heat. If all the
heat radiated from Earth’s surface passed straight out to space, our planet would be
a frigid place - tens of degrees colder than it is today. Fortunately, that's not what
happens. Certain gases in the atmosphere absorb and re-radiate heat, preventing
some of it from escaping to space, and thus warming the Earth’s surface and the air

above it. This natural heating process is known as the greenhouse effect (NASA, n.d.).
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How solar energy is reflected and absorbed

Source: University of California Berkley (2025)
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The Natural Greenhouse Effect — A Planetary Blanket

Earth’s atmosphere is composed mostly of nitrogen and oxygen, which do not absorb
the heat radiation coming from the surface. Then there are the “greenhouse gases”,
like water vapor, carbon dioxide, methane, nitrous oxide, and ozone, that are very
effective at trapping heat. These gases act like a thermal blanket around the Earth. As
heat rises from the warmed surface, greenhouse gases absorb much of it and then re-
emit it in all directions — including back downward - keeping the surface and lower
atmosphere warmer than they would otherwise be. Without this natural greenhouse
effect, Earth’s average surface temperature would be about -18°C, instead of the
current +15°C — a difference of roughly 33°C. In other words, life as we know it could
not exist without the natural greenhouse effect. The greenhouse effect is a good thing

- up to a point (Riebeek 2010).

The majority of naturally occurring greenhouse gases (GHGs) are water vapor (H,0),
carbon dioxide (CO,), methane (CH,), nitrous oxide (N,0), and ozone (O,). Of these,
water vapor is the most abundant GHG. However, water vapor concentrations depend
on temperature (warmer air holds more moisture), so water vapor acts as a feedback
mechanism rather than the initial trigger of climate change. CO,, although less
abundant than water vapor, is a potent greenhouse gas because it remains in the
atmosphere for a long time and its concentration can be directly influenced by

processes like burning of fossil fuels (more on that in the next segment).

Problems arise when the greenhouse effect becomes too strong. Over the past 200
years — especially in recent decades — human activities have been adding extra

greenhouse gases to the atmosphere, enhancing the natural greenhouse effect.
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Earth’s Energy Imbalance Today

Because of the enhanced greenhouse effect, Earth is currently gaining heat. Precise
satellite measurements indicate that Earth is absorbing more energy from the Sun than
it emits back to space. The excess energy is going into warming the atmosphere, land,
and especially the oceans (which take up over 90% of the heat). The fact that the planet
is accumulating heat is further evidence that greenhouse gas increases are upsetting
the energy balance. In many studies, Earth’s energy imbalance in recent years has
been estimated at ~0.7 to 0.9 W/m?, meaning that on average 0.7-0.9 extra watts per
square meter of energy are being retained in the climate system rather than escaping

to space (von Schuckmann et al. 2023). While that may sound small, spread over the

entire planet it is enormous, and it is the reason we see rising temperatures and other
associated changes (melting ice, etc.). Earth will continue to warm until a new
equilibrium is eventually reached — which would be at a higher temperature, unless we

reduce GHG levels.
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For the classroom.

Here is a link to a video that explains the science of climate change in 3 minutes,
including the Greenhouse Gas Effect, CO2 contribution, and how fast temperatures
are increasing compared to the past. Audio available in multiple languages,

including English, German, Portuguese, Italian, Spanish, Polish and Ukrainian.

The Greenhouse Effect

2 Heat Escapes to Space

8 Greenhouse Gases

2 Heat Radiated
from Earth

1 Solar Radiation

Heat Absorbed and
Re-Radiated by ‘

Greenhouse Gases
Back to Earth

Atmosphere

Overview of the Greenhouse Effect

Source: ClimateScience
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Dive Deeper!

For more material like this, visit the ClimateScience website, which contains a

variety of learning materials and activities to complete with students. Available in
multiple languages, including English, German, Portuguese, Italian, Spanish, Polish,

Turkish and Russian.

The Earth’s Vital Circulation of Carbon: Sources, Sinks, and Fluxes

One of the fundamental pieces of the climate puzzle is the carbon cycle — the circulation
and exchange of carbon (in various forms, e.g. as CO, gas) through Earth’s atmosphere,
oceans, land, and living organisms. Understanding the carbon cycle will help explain why

burning fossil fuels or cutting forests affects the climate.

Carbon is an element found in all living things and many non-living parts of Earth. In
the atmosphere, carbon primarily exists as carbon dioxide (CO,), a gas that, as we saw,
is a major greenhouse gas. Naturally, CO, is constantly being exchanged among the
atmosphere, land, and ocean in a cycle: plants on land and in the ocean
(phytoplankton) absorb CO, during photosynthesis (using carbon to build their tissues
and releasing oxygen), and they return CO, to the air when they respire or when they
die and decompose. Animals (including us) eat plants and then exhale CO, as a
byproduct of respiration. Meanwhile, the ocean’s surface waters absorb CO, from the
air, and CO, can later return to the atmosphere from the ocean. This continuous
swapping of carbon between air, life, and sea keeps atmospheric CO, at dynamic

equilibrium over long timescales — as long as inputs and outputs remain roughly equal.

There are also slow, long-term parts of the carbon cycle: for example, over millions of
years, CO, in the atmosphere can be absorbed by chemical weathering of rocks and
eventually locked away in sediments and rocks (or turned into fossil fuels), and

volcanoes can release some of that CO, back to the air. These slow processes
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normally balance each other out. For instance, volcanoes emit some CO, (typically a
small amount - roughly 1% of what human activities emit per year) and natural rock
weathering absorbs CO, at a comparable rate, so over a geological timescale there

was no net CO, buildup in the air until humans entered the scene.
In summary, natural carbon cycle processes include:

o Photosynthesis and Respiration: Plants take in CO, and convert it to organic
matter; organisms release CO, back by breathing and decay.

¢ Ocean-Atmosphere Exchange: CO, dissolves into seawater and can return to
the air — the ocean is a huge carbon reservoir.

e Geological Processes: CO, is locked away in rocks/fossils and released by
volcanoes or human extraction (fossil fuels).

e Carbon “Sinks”: Places that absorb more carbon than they release (e.g. growing
forests, ocean).

e Carbon “Sources”: Places or processes that release carbon to the atmosphere

(e.g. burning, decay, volcanoes).
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Note: This diagram of the fast carbon cycle shows the movement of carbon between land, atmosphere, and oceans.
Yellow numbers are natural fluxes, and red are human contributions in gigatons of carbon per year. White numbers

indicate stored carbon.

Climate Change Drivers — Natural vs. Human Causes

Now that we have explored how the climate system works (energy balance,
greenhouse effect, carbon cycle), let's address a fundamental question: How do we
know that the current climate change is mainly caused by humans, rather than natural
factors? This is a crucial concept for teachers to understand and explain, because
students (and the public) often hear arguments like “Climate has changed naturally in
the past, so what is the big deal?” In this segment, we will examine natural drivers of

climate and see how they compare to human influences.
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Natural Climate Drivers and Variability

Earth’s climate does change naturally over various timescales due to several factors:

Solar Variations: The Sun’s energy output is not perfectly constant. It has an
11-year cycle of small ups and downs (~0.1% variation) in brightness. Over
many centuries, solar output can change slightly.

Volcanic Eruptions: Big eruptions can throw particles (aerosols) into the
stratosphere that reflect sunlight and temporarily cool the planet for a few
years.

Orbital Changes (Milankovitch Cycles): Over tens of thousands of years, Earth’s
orbit and tilt wobble slightly, changing how sunlight is distributed — these cycles
have driven ice ages and warm periods in the distant past.

Natural Greenhouse Gas Fluctuations: Over ice age cycles, CO, and methane
levels varied (often as feedbacks to orbital changes).

Internal Variability: Systems like El Nifio and La Niiia (periodic Pacific Ocean
temperature shifts), or longer oscillations, can cause short-term climate

variations regionally and globally.

It is true that these natural factors have influenced climate historically. For example,

ice ages come and go on ~100,000-year cycles due to orbital changes, and the Little

Ice Age (~1300-1800 AD) may have been influenced by slight solar cooling and

volcanoes. However, natural drivers today cannot account for the rapid warming we

are observing. Here is why:

The Sun: Since the late 1970s, satellites have measured the Sun’s energy
reaching Earth. The data show no net increase in solar output over the past 40+
years. In fact, a slight downward trend is suggested. Yet, global temperatures
have risen significantly in that time. If the Sun were causing the warming, we
would expect to see an increasing solar trend. We do not. The IPCC has

concluded that changes in solar output contributed negligible warming in

The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 14



Co-funded by Erasmus+ IND
the European Union Enriching lives, opening minds. ERASMUS+ IRE

Module 1: Understanding the Climate Crisis

recent decades compared to greenhouse gases. As one study succinctly put it:

“The Sun has played little role in the climate changes observed in recent decades.”

e Volcanoes: Major eruptions (like Mt. Pinatubo in 1991) cause short-term
cooling, but also release carbon dioxide that can contribute to global warming.
However, there have been no sustained volcanic effects that would cause
decades-long warming. In fact, if anything, small eruptions plus human aerosol
pollution in the 20th century had a slight cooling influence that masked some
warming (until pollution regulations cleaned the air, revealing more greenhouse
warming).

e Orbital Changes: These act on timescales of tens of thousands of years. Over
the last 150 years (when warming has occurred), Earth’s orbit has essentially
not changed at all in any climatically significant way. The current warming is far
too fast and large to be due to orbital cycles.

e Natural GHG Release: Could warming be from CO, emitted by nature (for
instance, from oceans)? This is a crucial point — measurements of the types of
carbon CO, (isotopes) in the modern atmosphere show a clear fingerprint of
additional ‘old’ carbon (radiocarbon stored in fossilized organic matter) coming
from the combustion of fossil fuels. Also, natural reservoirs (oceans, biosphere)
are net absorbers, not net emitters — they are storing some of the CO, we emit.
So, nature is actually helping buffer the human effect, not causing it. Past
natural CO, changes (like coming out of ice ages) were much slower.

e Internal Variability: Phenomena like El Nifio can make individual years or
decades a bit warmer or cooler by shifting heat between ocean and air. But they
do not produce long-term trends on their own - they oscillate. We have
observed the ups and downs of these cycles, and on top of them, a clear upward
temperature trend. For example, an unusually strong El Nifio in 1997-98 made
that year jump in temperature; a cooler La Nifia phase in the early 2000s slowed

warming a bit. But the underlying upward march continued through those
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variations. Natural variability is like short-term “noise”, whereas the human-

caused warming is the steady “signal” that emerges over longer periods.

Fingerprints of Human Influence

Climate scientists often talk about fingerprints of human vs. natural causes. Different
drivers leave different patterns in the climate. For instance, if the Sun were causing
recent warming, we would expect to see warming throughout the atmosphere -
including the upper layers. If greenhouse gases are the cause, we would expect to see
the surface and lower atmosphere warming while the upper atmosphere
(stratosphere) cools (because GHGs trap heat below). Observations show exactly that:
the lower atmosphere is warming while the stratosphere has cooled, a fingerprint of

GHG-driven change, not solar (Herring 2020). Another fingerprint: nights are warming

almost as fast as days (if the Sun were the cause, only days would warm more; GHGs
warm day and night more evenly, and indeed nights have warmed significantly) (Dahl
2022).

Additionally, climate models can simulate both natural and human influences. When
you input only natural factors (solar, volcanic) into these models, you do not get much
warming in the late 20th and early 21st century — you might even get a slight cooling.
But when you include the rise in greenhouse gases, the models produce warming that
matches the observed trend. This gives us high confidence that human GHG

emissions are the dominant cause of current climate change.

To measure the scale of human influence on the planet’'s biosphere, a group of 28
scientists at the Stockholm Resilience Center created a framework called the

“Planetary Boundaries” (Rockstrom et al. 2009). Originally containing 7 boundaries,

the latest framework has been updated to include 9 categories that are critical to
maintain a ‘safe operating space’ for humanity and the health of the planet. These
categories include climate change, land-system change, freshwater change, ocean

acidification, and biosphere integrity, among others (full list with sub-variables
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included in the figure below). As of 2025, humanity has crossed 7 of the 9 boundaries,
which puts the Earth’s environmental and planetary life-support systems out of

balance — creating significant risks for all life.

CLIMATE CHANGE

CO2
concentration

BIOSPHERE

INTEGRITY STRATOSPHERIC OZONE

DEPLETION

ATMOSPHERIC
AEROSOL
LOADING

LAND-SYSTEM
CHANGE

Freshwater use
(Blue water)

Green
water

OCEAN
ACIDIFICATION
FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS

The 2025 update to the Planetary boundaries. Licensed under CC BY-NC-ND 3.0. Credit: "Azote
for Stockholm Resilience Centre, based on analysis in Sakschewski and Caesar et al. 2025".

Source: Stockholm Resilience Center (2025)

Human Contributions to the Greenhouse Effect

Since the pre-industrial era (~1750), the concentration of CO, in the atmosphere has
increased more than 40%. It rose from roughly 280 parts per million (ppm) in the 18th—
19th centuries to over 419 ppm (2023) today. In fact, current CO, levels are higher than
at any time in at least 800,000 years of Earth’'s history (EPA 2024). Scientists have
measured that this increase in GHGs due to human activities is the dominant cause of
the observed warming in the past half-century. Global average surface temperature in

2011-2020 was about 1.09 °C above the 1850-1900 baseline. Average global
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warming has accelerated more significantly since 1970 compared to the past 2000
years (UN Climate Action n.d.), and since 2010 this has already increased over 50%
(Hansen et al. 2025).

GLOBAL AVERAGE SURFACE TEMPERATURE

1.2
0.8

0.4

Difference from 1901-2000 average (°C)
[}

1880 1500 1820 1240 1860 1580 2000 2020

Year

Source; Lindsey and Dahlman (2025)

Measurements from air bubbles trapped in polar ice cores reveal that in at least

800,000 years prior, CO, never exceeded ~300 ppm (Mulhern 2025). Today’s levels are

unprecedented in human history. In short, the natural carbon cycle is out of balance -
the “sinks” (like oceans and forests) do absorb some of our CO,, but not nearly enough,
because we are adding CO, faster than they can respond. Currently, land ecosystems
and oceans together take up roughly half of human CO, emissions, while the other half
stays in the atmosphere. This is actually a lucky break — without these natural sinks
slowing the buildup, the atmospheric CO, increase (and warming) would be happening

even faster. However, scientists warn that these sinks may become less effective if
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we keep loading them with carbon (for example, a warmer ocean absorbs CO, less

efficiently).
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However, carbon dioxide is not the only GHG that is contributing to global warming due

to human activity. Other, even more potent gases, are also being emitted as byproducts

of industrial processes. For example, carbon tetrafluoride (CF4) and carbon

hexafluoride (C2F6) are emitted as byproducts of aluminium production. These gases

can last over 10,000 years and have warming potentials between 6500 and 9200 times
more than CO, (U.S. DoS 1997).

Another major human impact is deforestation and land-use change. Trees and plants

are important carbon sinks — as they grow, they take CO, out of the air and store it in
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wood and biomass. When forests are cut down or burned, not only is that stored
carbon released back as CO,, but we also lose future carbon uptake that those trees

would have provided.

By burning fossil fuels (coal, oil, and gas) for energy, we release large amounts of CO,
that was long stored underground. Deforestation and certain agricultural practices
also emit CO,, methane, and other GHGs. These additional gases act like a thicker
blanket, trapping more heat and upsetting Earth’s energy balance. When the energy
leaving Earth is less than the energy entering, the planet warms up. Essentially, we
are dialing up the greenhouse effect by increasing GHG concentrations, leading to

global warming.

For the classroom.

Here is a link to an interactive map that shows the average global temperature
increase projections for each season in the next several decades. You can also
view different projections based on low, medium, or high-emission scenarios and

their probability. This resource is only available in English.
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The Role of the IPCC and Scientific Consensus

To understand the climate crisis, it is important to know who produces the
authoritative science and how consensus is reached. The Intergovernmental Panel on
Climate Change (IPCC) is the world’'s leading scientific body on climate change.
Established in 1988 by the United Nations, it brings together thousands of scientists
from around the world. The IPCC does not conduct new experiments; instead, it
reviews and synthesizes all existing peer-reviewed research on climate science,

impacts, and solutions.
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Every few years, the IPCC publishes comprehensive Assessment Reports. These
reports are written and reviewed by hundreds of experts, and then approved line-by-
line by governments. This process makes the IPCC both rigorous (because it is based
on the best available science) and policy-relevant (because governments must agree
on the wording of the summaries). In a recent Assessment Report, the IPCC stated
clearly “It is unequivocal that human influence has warmed the atmosphere, ocean and

land” (Eyring et al. 2021). The following are 2 key conclusions that the panel

continuously reiterates (IPCC 2023):

e Global surface temperatures have risen faster since 1970 than in any other 50-
year period in at least 2000 years.
e Climate impacts are already widespread and intensifying, but limiting warming

to 1.5-2 °C would significantly reduce risks.

The scientific consensus on climate change is now overwhelming. Studies of
published research show that over 97% of climate scientists agree that humans are
the primary cause of current global warming. Major scientific academies worldwide
(e.g. the Royal Society, U.S. National Academies, European Academies) endorse this
conclusion (Wolff et al. 2020; Martins and de Rode 2019).

Pedagogical Note...

For teachers, this is a crucial message: while students may encounter “debate” in
media or online, within the scientific community there is no serious disagreement
about the reality or causes of climate change. This strong consensus is a powerful
teaching point - it shows that climate science rests on a solid foundation of
evidence and global collaboration (we will treat how to deal with misinformation

in unit 3).

The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 23


https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-3/
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://royalsociety.org/-/media/policy/projects/climate-evidence-causes/climate-change-evidence-causes.pdf
https://www.eurasc.eu/wp-content/uploads/2021/11/EurASc-Declaration-on-Climate-Urgency-2019.pdf

co.funded by Erasmus+ AGENZIA NAZIONALE
the European Union Enriching lives, opening minds.

7
£eomysteN

Module 1: Understanding the Climate Crisis

The EcoMystery Project | 2024-1-1T02-KA220-SCH-000248873 page 24


https://climatopia.eu/images/Results/Climatopia%20Self-Training%20Handbook.pdf
https://climatopia.eu/images/Results/Climatopia%20Self-Training%20Handbook.pdf

Co-funded by Erasmus+ IND
the European Union Enriching lives, opening minds. ERASMUS +|[:13

9

oMyt

Module 1: Understanding the Climate Crisis

Assessment and Evaluation

End-of-unit quizzes (multiple choice, True/False and short reflection questions)

1. Which statement best describes the difference between weather and climate?

a) Weather describes long-term patterns, while climate describes daily conditions

b) Weather and climate are the same concept

c) Weather refers to short-term conditions, while climate refers to long-term averages
v

d) Climate only refers to temperature, while weather includes precipitation

2. What is meant by Earth’s “energy balance”?

a) The balance between land and ocean temperatures

b) The balance between energy received from the Sun and energy emitted back into
space V'

c) The balance between greenhouse gases and oxygen in the atmosphere

d) The balance between natural and human climate drivers

3. Why is the natural greenhouse effect essential for life on Earth?
a) It blocks all solar radiation

b) It cools the planet below freezing

c) It keeps Earth warm enough to support life v

d) It prevents weather variability

4. Oceans absorb the majority of the excess heat caused by the enhanced

greenhouse effect.

OTrue Y [OFalse
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5. Which of the following is the most abundant greenhouse gas in Earth’s
atmosphere?

a) Carbon dioxide (CO,)

b) Methane (CH,)

c) Nitrous oxide (N,0)

d) Water vapour (H,0) V'

6. Which statement best describes the relationship between global warming and
climate change?

a) They are unrelated processes

b) Climate change causes global warming

c) Global warming is the increase in average temperature that drives broader climate

change v

d) Climate change refers only to extreme weather events

Reflection questions:

1. In your own words, explain why the distinction between natural and human drivers
of climate change is important when teaching this topic to students
2. Which concept from Unit 1 (e.g. greenhouse effect, carbon cycle, energy balance)

do you find most challenging to explain, and why?
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Unit 2: Navigating the Environmental and Human
Impacts of Climate Change

Climate change is not just an abstract shift in global temperature graphs — it is a real,
lived experience that is already impacting communities, economies, and ecosystems
around the world. A stable climate underpins food production, water supply, healthy
ecosystems, and thus the well-being of societies. When the climate changes rapidly, it
can set off cascading effects that touch every sector of society. In this unit, we explore
the major socio-economic impacts of the climate crisis: how it affects our environment
(as the foundation for human livelihoods), and the broad range of consequences for

human communities and global stability.

Pedagogical Note...

Understanding these impacts will help you, as a teacher, connect the science to
everyday life and underscore why climate change is a cross-curricular topic

spanning science, geography, health, social studies, economics, and more.

It is important to recognize at the outset that climate change often exacerbates
existing problems. Its impacts are uneven: those who are most vulnerable
(economically or geographically) tend to be hit first and worst, while those with more
resources can sometimes buffer themselves from harm. This raises issues of climate
justice, which we will discuss shortly. Now let’'s break down some key impact areas of

climate change.

Impacts on Ecosystems and Biodiversity

Natural ecosystems are highly sensitive to climate shifts. Around the world, plants and

animals are responding to warmer temperatures — but not all can adapt or move
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quickly enough. Many species have been observed migrating toward cooler climates
(toward the poles or higher elevations) as their habitats warm. Climate change also
exacerbates weather phenomena, creating more intense natural disasters that
become more difficult for ecosystems to recover from. We have also already seen
evidence of species that are unable to adapt, leading to significant biodiversity loss
and the first climate-driven extinctions in recent years. For example, ocean
acidification — caused by higher temperatures - is causing mass bleaching of coral
reefs, which shelter an immense diversity of marine life. Live coral cover has nearly
halved in the past 150 years, and at continued warming trends almost all remaining

coral reefs are at risk of collapse.

Overall, climate change is undermining the health of ecosystems, leading to shifts in
the distribution of species and even facilitating the spread of diseases (as warming
allows pathogens and disease-carrying organisms to invade new areas). These
environmental impacts have human ramifications too: as ecosystems are disrupted,
the services they provide — food, clean water, medicine, pollination, fisheries, etc. — are
also in peril. For example, losing coral reefs means losing fishery productivity and
coastal protection; losing forests can mean losing traditional medicines and flood
control. Thus, environmental degradation due to climate change translates into

economic and cultural losses for human societies.

It is important to note that not all pollution is necessarily related to climate change,
though itis largely human caused. We can say that non-climate-related pollution refers
to the release of harmful substances such as particulate matter, nitrogen oxides,
plastics, or toxic chemicals into air, water, and soil, which primarily affect human
health, ecosystems, and local environmental quality (for example, causing smog, water
contamination, or soil degradation). Pollution that contributes to climate change,
instead, is specifically linked to the emission of greenhouse gases — such as carbon
dioxide (CO,), methane (CH,), and nitrous oxide (N,0) — which accumulate in the

atmosphere and trap heat, altering the Earth’s energy balance. While both types of
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pollution often originate from similar human activities (e.g. fossil fuel use, industry,
transport, agriculture), climate-changing pollution has long-term, global impacts on
temperature, weather patterns, sea levels, and ecosystems, whereas non-climate-

related pollution typically has more immediate and localized effects.

Extreme Weather Events and Natural Disasters

One of the clearest signals of climate change is the increase in extreme weather.
Human-induced warming has made heat waves hotter and more frequent, heavy
rainfall events more intense, and droughts more severe in many regions. The statistics
are striking — for instance, what used to be 1-in-50-year extreme heat events are now
occurring far more often, and rainfall records are being shattered as warmer air holds
more moisture. These extremes are surpassing the resilience of some communities
and ecosystems. The result is widespread loss and damage: think of catastrophic
wildfires consuming towns, “once-in-a-century” floods now happening every decade,

or stronger cyclones devastating coastal areas.

Warning! (Common Misconception)

Climate change doesn't cause hurricanes or fires outright, but it amplifies their
triggers and impacts (e.g. hotter temperatures dry out forests, creating tinderbox
conditions for fires; warmer oceans fuel more powerful hurricanes). The socio-

economic toll of such events is enormous.

Recent climate-related disasters have cost hundreds of billions of dollars in damage
to homes, infrastructure, and livelihoods. Beyond the financial cost, there is a human

cost in lives lost and communities upended. Moreover, when multiple hazards occur
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together or in quick succession — such as a drought followed by massive wildfires, or

back-to-back hurricanes - it can overwhelm local capacity to respond.
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Number of extreme weather events over time

Source: Simpson and Burpee (2015)

Pedagogical Note...

These events can also have psychological impacts: studies show that
experiencing extreme climate events is linked to higher anxiety, trauma, and lower
overall well-being and life satisfaction in affected populations. Children living
through such disasters may experience distress and instability that affect their
learning and mental health. As educators, connecting these events to climate
change (in an age-appropriate way) can help students make sense of the

headlines and understand the urgency of the issue.
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Water Resources and Water Security

Water is how many people first feel climate change in their daily lives — too much in
some places, too little in others, and increasingly unpredictable. Warmer temperatures
intensify the global water (hydrological) cycle, leading to heavier rainfall and flooding
on the one hand and enhanced evaporation and drought in other circumstances.
Currently, roughly half of the world’'s population experiences severe water scarcity for
at least part of the year (UNICEF), due in part to climate-related changes (and growing
demand). Glaciers that millions rely on for steady water supply are melting at
unprecedented rates (WMO 2025), raising concerns for communities downstream of
those water sources. Prolonged droughts can dry up reservoirs and aquifers,

threatening drinking water and irrigation for agriculture.

On the flip side, increased heavy downpours lead to floods that contaminate water
supplies and damage sanitation infrastructure. Water insecurity is exacerbated by
poor governance and inequality — wealthier regions may build desalination plants or
import water, while poorer regions face greater risk of scarcity and water-borne
diseases when the rains fail. In agriculture, erratic rainfall and shifting snowmelt
patterns make it harder for farmers to plan planting and harvesting, directly affecting
food production (more on that below). Overall, climate change is expected to increase
competition over water, and in some cases it already contributes to local conflicts or
migration when water becomes too scarce or too abundant (through flooding) for

communities to handle.
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Drought is exacerbating water management challenges which vary across regions
with respect to anticipated water scarcity
conditions by 2050.

Water Scarcity Index* i
in 2050 (median) Policy challenges

>04

<0.4 QTR Medium

Stable Increase

Uncertainty change
present day to 2050

*Ratio of demand and availability

Water Scarcity Projections by 2050
Source: IPCC (2022)
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Impacts on Agriculture and Food Security

Climate change poses a serious threat to our food systems. Farming and fishing
depend heavily on stable climate conditions. Changes such as altered rainfall, extreme
heat, shifting seasons, and more frequent droughts or floods can drastically affect
crop yields and food supply. For example, higher temperatures and heatwaves can
damage crops during sensitive growth stages; droughts wither plants and reduce
yields; conversely, intense downpours can flood fields and destroy harvests. We are
already seeing negative impacts on major staples. In tropical and subtropical regions
(which are home to many developing countries), rising temperatures have shortened

growing seasons and reduced yields for crops like wheat and maize (Hu et al. 2024).

Overall, climate trends and extremes are hindering efforts to meet human needs:
global agriculture productivity growth is slowing in many areas because of climate
stress. The forestry and fishery sectors are affected too — for instance, warming and
more frequent marine heatwaves have damaged fisheries and aquaculture. One study
found that ocean warming has already reduced the sustainable yield of some wild fish
populations by about 4% over recent decades, which is significant for coastal

communities reliant on fish for protein and income (Free et al. 2019).

Droughts and higher temperatures are also contributing to tree die-offs and increased
pests in forests (e.g. bark beetle outbreaks in heat-stressed forests), impacting timber

resources (Government of Canada). Perhaps most critically, food security and nutrition

are under threat. When crops fail or yields drop, food prices often spike. Climate-
related yield losses, coupled with growing demand, have been linked to rising food
prices and heightened risk of hunger in vulnerable regions. The people most at risk are
those in poverty and in regions already prone to food insecurity — climate change acts
as a threat multiplier, worsening hunger and malnutrition among millions (Mirzabaev
et al. 2023). This in turn can fuel social unrest; history shows that spikes in food prices
can lead to protests or instability. Ensuring “climate-smart” agriculture and resilient

food supply chains will be a major challenge in coming years.
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GLOBAL FOOD SECURITY IS
AFFECTED BY CLIMATE CHANGE.

In m, overm million people around the world
suffered from malnutrition and climate change

will intensify global food insecurity.

By 2050, climate change might increase cereal prices
by 29%. The yields of the following food crops might be reduced:

.
4 g% L o -
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Climate change

will allow infectious
livestock diseases and
pests to spread across
borders more quickly.

Plant diseases cause
an annual average

of 2.20 billion dollars
of damages

to the global economy.

Source: UNDP Thailand (2025)

Impacts on Human Health

Climate change affects health in diverse and interconnected ways. The World Health
Organization has called climate change one of the greatest threats to global health in
the 21st century (WHO 2015). Some health impacts are direct — for example, more
frequent and intense heatwaves lead to heat exhaustion and heatstroke, which can be
deadly especially for the elderly, young children, or outdoor workers. We are already
seeing more heat-related illnesses and, tragically, heat-related deaths in regions

experiencing record-breaking temperatures.
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Other health impacts are less direct: climate change is altering the geographic range
and seasonality of diseases. Warmer temperatures and changing rainfall expand the
habitat of disease-carrying insects like mosquitoes and ticks, contributing to the
spread of diseases such as malaria, dengue fever, Zika, Lyme disease, and others into
new areas (WHO 2023). For instance, highland areas that used to be too cool for

malaria mosquitoes are now seeing cases as temperatures rise.

Furthermore, extreme weather events impact health: floods can contaminate water
and lead to diarrheal diseases; storms can cause injuries or fatalities and disrupt
healthcare services. Nutrition and mental health are also concerns: droughts and food
shortages cause malnutrition, and the trauma of living through disasters or the stress
of losing one’s home or livelihood can lead to anxiety, depression, or post-traumatic

stress.

In general, climate change is already contributing to increased iliness and premature
deaths globally. Importantly, health impacts tend to hit vulnerable populations hardest
- children, the elderly, those with pre-existing health conditions, and the poor (who

might lack access to healthcare or cooling).
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Impacts on Cities, Infrastructure, and the Economy

Our built environment and economic systems are tightly interwoven with climate. As
climate change accelerates, cities and infrastructure are on the frontline of impacts.
Cities, especially large urban centres and coastal settlements, concentrate people,
buildings, and economic assets, which means a climate hazard can have outsized
consequences there. Coastal cities worldwide are experiencing more frequent coastal
flooding and erosion due to sea level rise and stronger storms. Inland cities are not
spared: heatwaves are often worse in urban areas due to the “urban heat island” effect
(concrete and asphalt trapping heat), raising peak temperatures. Many cities have
seen record heat stress in recent summers, straining power grids (due to air
conditioning demand) and impacting public health (UN HABITAT 2024a).

Heavy rainfall can overwhelm outdated drainage systems, causing urban floods.
Infrastructure systems we take for granted — roads, bridges, rail lines, power plants,
water treatment facilities — are all vulnerable. For example, extreme heat can buckle
train tracks and melt asphalt; permafrost thaw in polar regions is cracking roads and
buildings; drought threatens hydroelectric power generation and even the cooling

water supply of some power plants.

Critical services like electricity, water supply, and transportation are increasingly at risk
of disruption from climate events. In some places, climate impacts are revealing
infrastructure inequities: poorer neighbourhoods may have less green space (making

heat worse) or weaker flood protections (UN HABITAT 2024b). Fast-growing informal

settlements (e.g. slums) often sit on marginal lands prone to landslides or floods,

amplifying vulnerability.

All of this has economic implications. Climate change is already causing significant
economic losses globally. Recent extreme events have been linked to slower

economic growth, especially in developing countries that can least absorb the costs.
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Sectors like agriculture, fishing, and tourism (think ski resorts with no snow, or coral

reefs bleaching in popular diving areas) have all suffered. Supply chains can be

disrupted - for instance, floods in a manufacturing hub can halt production, affecting

global markets; or droughts can drive up food prices worldwide. The economic

damage from climate-related disasters has risen sharply over the past few decades, a

trend expected to continue. Analysts warn that without strong climate action, the long-

term economic costs will be staggering, potentially amounting to many percentage

points of global GDP by mid-century due to property damage, reduced labor

productivity (from heat), healthcare costs, etc. (QECD 2015). Paradoxically, much of

these future losses are not yet accounted for in government budgets or business plans

— meaning there is a risk of financial instability if risks are not proactively managed.

Example of a climate hazard that impacts multiple sectors: Extreme precipitation

Crop failure

Damage to
facilities and/or
service disruption
from flooding

Damage to

facilities and/or

service disruption
/ from flooding

Data center flooding

\

\ Water supply
contamination

Stormwater system
overload

Damage to
facilities and/or
service disruption
from floading

_ .| Commuters and
freight disruption

Public health
consequences

Environmental
contamination

Climate Risks for Cities

Source: C40 (2017)
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Displacement, Migration, and Security

Climate change can uproot communities and even destabilize regions. When
livelihoods and living conditions deteriorate, people may be forced to move in search
of better conditions. Climate-related migration is already happening and expected to
increase. On average, over 20 million people per year have been internally displaced
by weather disasters since 2008 (IDMC 2024).

Sudden events like floods and storms can cause acute displacement but also
prolonged droughts can drive people away when agriculture collapses and there is no
work or food. Most climate migrants move within their own country (rural to urban
migration is common when farming fails) or to neighbouring countries. For instance,
severe drought in Syria from 2006-2010 contributed to rural farmers migrating to
cities, which some studies suggest added stress leading up to the Syrian civil war

(Holleis 2021). This highlights another aspect: climate change can exacerbate

conflicts. It is not usually the sole cause, but by increasing scarcity of resources (like
water or fertile land) and causing economic hardship, it can aggravate tensions in
fragile regions. Spikes in food prices due to climate shocks have been statistically
correlated with incidences of social unrest. Military and security experts in many

countries now view climate change as a "threat multiplier."

Moreover, small island nations and low-lying coastal areas face the prospect of
territory loss from sea level rise, raising difficult legal and human rights questions
about displaced populations (so-called climate refugees). Internationally, countries
have begun to discuss how to support climate-displaced people, but protections
remain limited. One example is the atoll of Tuvalu, who have recently signed a treaty
with Australia to allow its residents to become permanent residents in Australia, with

access to the same public services and economic rights as Australians (Dev 2025).
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For the classroom.

Here you can take your students on an interactive tour of global climate change
impacts, comparing variables like agriculture, sea level rise, temperature, energy,
mobility, and labour. This site features a 3-D rotating global view, as well as country

and regional insights on the different variables. This is only available in English.

Pedagogical Note...

For teachers, the connection between climate change and migration or conflict can
be a profound topic to explore in social studies or geography classes, as it brings

in themes of human rights, justice, and global responsibility.

Human Vulnerability and Climate Justice

A crucial concept when discussing impacts is vulnerability — the propensity to be
adversely affected by climate hazards. Not all communities are affected equally, even
by the same event. Social, economic, and historical factors play a big role in how
severely climate change impacts a group of people. Societies with high levels of
inequality and poverty are generally less resilient to climate shocks. For example, a
rich city might quickly rebuild infrastructure after a hurricane, whereas a poorer area

might struggle for years to recover.

Globally, approximately 3.3 to 3.6 billion people live in contexts that are highly
vulnerable to the impacts of climate change — these are often low-income nations that

have contributed relatively little to greenhouse gas emissions. This brings us to the
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idea of climate justice. Climate justice acknowledges that those who have contributed
least to climate change (like developing nations and marginalized communities) are
often the ones who suffer most from its effects. A striking inequity is that wealthier
individuals and countries, with their high-carbon lifestyles, have the resources to
insulate themselves (for now) from many impacts - for instance, they can afford air
conditioning, insurance, or relocation. Meanwhile, poorer farmers, coastal villagers, or
urban slum-dwellers might have no safety net when climate disaster strikes. This
disparity raises ethical questions: Who is responsible for the damages? and Who
should pay for adaptation and losses? These questions are actively being debated on
the world stage. In recent international climate negotiations, nations agreed to
establish a Loss and Damage fund (UNDP 2024), where wealthy countries (the major
polluters) would contribute money to help vulnerable countries recover from climate-
fuelled disasters. This is a landmark recognition of climate justice — though the
specifics of the fund are still being worked out, it represents a step toward holding

emitters accountable and aiding those in need.

When discussing climate justice, another key concept to consider is environmental
justice, which acknowledges that the impacts and benefits of environmental policies
are not always distributed equally. In the context of the green energy transition, many
technologies (such as batteries, solar panels, and wind turbines) require minerals like
lithium, cobalt, and rare earth elements. These resources are often found in countries
where local communities may already face social or economic vulnerability. As
demand for these minerals increases, competition for land and resources can
intensify, leading to tensions or conflicts between mining companies, governments,

and local populations (Anguelovski and Martinez-Alier 2014). The environmental

degradation and pollution that are byproducts of these activities further underline the
inequalities that hide under the surface of the ‘green and digital’ transition. For

educators, this concept is crucial to discuss with students about how climate solutions

The EcoMystery Project | 2024-1-IT02-KA220-SCH-000248873 page 41


https://www.undp.org/belarus/stories/loss-and-damage-fund-developing-countries
https://www.sciencedirect.com/science/article/abs/pii/S0921800914001141?via%3Dihub

Co-funded by Erasmus+ IND
the European Union Enriching lives, opening minds. ERASMUS + IRE

Fopystn

Module 1: Understanding the Climate Crisis

must also consider fairness, community rights, and sustainable resource

management.

Dive Deeper!

The Environmental Justice Atlas is a catalogue of social and ecological conflicts

that have been registered throughout recent history. Created in 2014, it contains

over 4411 case studies that can be used for classroom discussions and exercises

with students. The website is available in English, Spanish, and French; case studies

are written mostly in English with some in Spanish and French.

Pedagogical Note...

From an educational perspective, climate justice can be a powerful theme to
engage students: it integrates science with ethics, civics, and global awareness. It
encourages empathy and critical thinking about how we might solve the climate

crisis in a fair and inclusive way.
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Dive Deeper!

For teachers who want to explore these topics more, check out section 4 “Which are
the Impacts of Climate Change?” of Chapter 1: “Basic scientific concepts related to

climate change” in the Climatopia Self-Training Handbook. Available in English.

UNESCO has created a “Greening curriculum guidance: Teaching and learning for

climate action” handbook that identifies key topics to teach to various student age

groups and the learning objectives. Available in English, Portuguese, Spanish,
Arabic.

Planetary boundaries: this page in the Stockholm resilience Centre website,

provides interesting insights on the nine global change processes where human
activities affect Earth system functioning. Planetary boundaries are quantitative

assessments of the safe limits for human pressure on these nine critical processes.
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Assessment and Evaluation

End-of-unit quizzes (multiple choice, True/False and short reflection questions)

1. Why are the socio-economic impacts of climate change considered unevenly
distributed?

a) Climate impacts only occur in developing countries

b) Wealthier populations are more exposed to climate hazards

c) Vulnerable groups often have fewer resources to cope with impacts

d) Climate change affects ecosystems but not societies

2. Which ecosystem is identified as being at particularly high risk due to climate
change?

a) Grasslands

b) Coral reefs

c) Deserts

d) Tundra

3. How does climate change affect global water security?

a) It increases water availability everywhere

b) It stabilises rainfall patterns

c) It intensifies droughts and floods, increasing unpredictability

d) It only affects coastal regions

4. Which impact of climate change poses a direct threat to food security?
a) Reduced crop yields due to heat and drought

b) Stable growing seasons

c) Increased biodiversity

d) Improved fishing conditions
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5. What does the term “climate change as a threat multiplier” mean?

a) Climate change replaces all other social risks

b) Climate change reduces existing conflicts

c) Climate change worsens existing social, economic, and political tensions

d) Climate change affects only military security

6. How does climate change increase the risk of species extinction?
a) By reducing oxygen levels globally

b) By eliminating all habitats equally

c) By stopping natural evolution

d) By forcing species to adapt or migrate faster than they are able to

7. Why is climate change considered a major public health risk?
a) It reduces access to hospitals

b) It only affects elderly populations

c) It has no indirect health impacts

d) It increases heat-related iliness, disease spread, and mental health stress

8. Climate justice focuses on the fact that those who contributed least to climate

change often experience the most severe impacts.

O True OFalse

The EcoMystery Project | 2024-1-1T02-KA220-SCH-000248873 page 46



Co-funded by

7

A

2

FoNysiy

Module 1: Understanding the Climate Crisis

Erasmus+

the European Union Enriching lives, opening minds.

EENZ\A NAZIONALEUS + IRE

Reflection questions

1. Which socio-economic impact of climate change (e.g. health, food security,
water scarcity, migration, or urban vulnerability) do you find most relevant to

your local or national context, and why?

2. Reflecting on the links between climate change, health, and well-being discussed
in this unit, how might you adapt your teaching practices to address not only
knowledge acquisition but also students’ emotional responses to climate-related

topics?
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https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news/item/06-10-2015-who-calls-for-urgent-action-to-protect-health-from-climate-change-sign-the-call
https://www.who.int/news/item/06-10-2015-who-calls-for-urgent-action-to-protect-health-from-climate-change-sign-the-call
https://wmo.int/news/media-centre/glacier-melt-will-unleash-avalanche-of-cascading-impacts
https://wmo.int/news/media-centre/glacier-melt-will-unleash-avalanche-of-cascading-impacts
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Module 1: Understanding the Climate Crisis

https://royalsociety.org/-/media/policy/projects/climate-evidence-
causes/climate-change-evidence-causes.pdf

Extra resources:
ClimateScience website — learning materials and activities to complete with students
(available in English, German, Spanish and French, in addition to other non-EU

languages): https://climatescience.org/
For schools: https://climatescience.org/schools

Climatopia Erasmus+ project Self Training Handbook for teachers:
https://climatopia.eu/images/Results/Climatopia%20Self-
Training%20Handbook.pdf
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Module 1: Understanding the Climate Crisis

Answer Key

Unit 1 Multiple Choice and T/F Questions

1.

o u M W

c) Weather refers to short-term conditions, while climate refers to long-term
averages

b) The balance between energy received from the Sun and energy emitted back
into space

c) It keeps Earth warm enough to support life

True

d) Water vapour (H,0)

c) Global warming is the increase in average temperature that drives broader

climate change

Unit 2 Multiple Choice and T/F Questions

1. c) Vulnerable groups often have fewer resources to cope with impacts
2. b) Coral reefs

3. c) ltintensifies droughts and floods, increasing unpredictability

4. a) Reduced crop yields due to heat and drought

5.
6
7
8

c) Climate change worsens existing social, economic, and political tensions

. d) By forcing species to adapt or migrate faster than they are able to
. d) Itincreases heat-related iliness, disease spread, and mental health stress

. True
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