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Introduction/Rationale

The science of Earth’s global climate system and the responsibilities that all humans share as protective
caretakers of our planet are important for every person to understand. We all have a vested interest in our
planet because Earth is our only home. People have been observing, questioning, and analyzing collected
information about the history of the Earth ever since the earliest humans ﬁrst wondered about the world
around them. Learning from the past is a smart and logical way to prepare for the future.
This unit will help 4th or 5th grade teachers prepare students to explore two big questions related to the Earth’s
changing climate. The primary goal is to nurture an understanding of the element carbon, Earth’s carbon
cycle, and how carbon dioxide and other gases contribute to the planet warming greenhouse eﬀect of Earth’s
atmosphere. The questions are:
1) What is carbon and why are all living things on Earth considered to be carbon-based lifeforms?
2) What is the greenhouse eﬀect and why should we care about how much carbon is in our atmosphere?
These questions align with the Next Generation Science Standards (NGSS) for 4th grade that many states have
adopted or adapted.1 An annotated list of the applicable NGSS and state science standards can be found in
the appendix of this curriculum unit.
Under the NGSS, 4th grade students study concepts related to energy and learn that all fuels used to meet our
continuously growing energy demand are derived from natural resources. Consequently, the production and
usage of some energy resources adds more carbon dioxide to Earth’s atmosphere. Students are just
beginning to develop an understanding of how human activities can impact the Earth and result in either
positive or negative consequences.
There are several concepts from previous grades that serve as beneﬁcial prior knowledge and may be worthy
of review. Students should be familiar with the diﬀerence between weather and climate, have a general
understanding of the Sun, and be aware that the Earth’s position and rotation on its axis as it orbits the Sun
helps explain why we have changing seasons and diﬀerent global climate zones. These concepts are taught
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and reinforced from kindergarten through third grade under the NGSS framework. Familiarity with them will
help students develop a greater sense of the questions and content asked of them in this unit.
The ideal time to start this unit is after students have learned about Earth’s energy resources. Then they will
be ready to learn about the stellar origin of the element carbon and why it is essential to organic life. They will
be ready to learn about the Earth’s carbon cycle and why we need some carbon in our atmosphere. They will
also be ready to learn about feedback loops in Earth’s systems, speciﬁcally the greenhouse eﬀect and carbon
dioxide’s role as a greenhouse gas. Finally, students will examine the potential eﬀects of adding more carbon
dioxide to Earth’s atmosphere and the actions we must collectively take to mitigate the adverse
consequences.
The summative background information section was written with considerable attention to helping you, the
teacher, gain some of the valuable understanding that I did while participating in the 2021 Yale New Haven
Teachers Institute with Dr. Peter Raymond, Yale Professor of Ecosystem Ecology. Our ﬁve-month long
seminar, “Physical Science of Climate Change,” explored the physical, chemical, and biological principles
surrounding climate change science. Information about Dr. Raymond’s research and Yale coursework can be
found on the Yale School of the Environment website (https://environment.yale.edu/proﬁle/raymond). The
scope of our seminars went beyond the content included here since there are many aspects of climate change
science worthy of study. I was intentionally selective in order to focus on content essential to meeting the
goals of this unit. After carefully reading the background information and following the included lesson ideas
and resources, you will be in an informed position to guide students toward thinking carefully and critically
about what it means to be a responsible caretaker of the Earth and its climate.
The background information is divided into two parts. It begins with an introduction to the element we call
carbon and where on Earth it is found (the carbon cycle). The second part explores the concept of feedback
loops, speciﬁcally the greenhouse eﬀect, and how carbon dioxide and other greenhouse gases interact with
the energy from the Sun to regulate Earth’s global temperature.
The teaching strategies section includes thoughtful and experienced approaches to help you deliver this
content to your students. The lesson plans section contains a sequence of recommended lesson ideas and the
suggested resources to accompany them.
NASA currently supports the statement that at least 97% of actively publishing climate scientists and
hundreds of respected scientiﬁc organizations worldwide have reached the alarming consensus that the Earth
is experiencing a warming trend.2 The changes this warming trend will bring are incredibly complicated to
predict because of the multitude of contributing factors that can compound upon one other, sending ripple
eﬀects through many of Earth’s natural systems that disrupt our current planetary balance. Some regions
may experience favorable outcomes while others experience disasters or become inhospitable.
Progress in climate science has been substantial in the past few decades and technologies utilizing ice cores,
satellite monitoring, and sophisticated computer models have yielded new insights into the climate of the
past, present, and future. We are certain that the warming trend is going to continue if the contributing
factors do not change. We can expect to see a drastic reduction of sea ice. Sea levels will likely rise at least
12 inches and potentially up to 8 feet above current sea levels by the year 2100 according to some of the best
and worst-case climate model scenarios. Sea levels have already risen about 8 inches since we developed a
reliable means to measure the level in 1880.3 There will be changes in precipitation patterns and an increase
in droughts and heat waves. Agricultural regions and food growing seasons will change. Hurricanes will
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become stronger and more frequent. The outlook isn’t pretty, but how bad it gets will largely depend on the
actions we take.
Governments around the world need to collaborate eﬀectively in order to mitigate the potential climate
related harm on the horizon. Some of the issues they may need to prepare for include adapting to hotter
temperatures; damage to infrastructure and property due to increased ﬂooding, wildﬁres, or storms; loss or
changes to food production that disrupt food supplies or cause famine; mass human displacement; loss of
industries and economic collapse; plant and animal extinctions or migrations; and potential human conﬂicts
over resources and territories.
Multiple lines of evidence suggest that human activity is a signiﬁcant contributor. We have been releasing
carbon into the air at exponential rates for 300 years, since the beginning of the Industrial Revolution. We dig
up and burn fossil fuels to feed our growing populations’ appetite for energy while steadily releasing all that
stored carbon into the atmosphere. Carbon also has the potential to remain in the atmosphere for hundreds
of years and we are outpacing the Earth’s natural carbon sequestering abilities so the carbon build-up in our
atmosphere continues to rise.
As a teacher, you appreciate the value of education. Knowledge is a powerful tool for shaping the future. The
nature of science begins with making observations, asking questions, and testing ideas. Through repeated
testing and discourse, eventually truths are separated from mere speculation, opinion, and downright falsity.
Scientiﬁc skepticism is an intrinsic part of science methodology. Mitigating climate change is going to be
economically daunting and require a coordinated global eﬀort. It will force expensive changes to our
established energy resources and infrastructure, as well as force governments to establish and enforce strict
climate change related regulations. Unfortunately, some climate science critics have pushed to undermine
public trust in the scientiﬁc community, cast unwarranted doubt, shift blame, downplay, or even outright deny
that there is a climate problem. Some admit there is a concern but point to natural Earth cycles rather than
accept human activity could be signiﬁcant enough to make an impact. The attitude may be that if we need to
change or adapt, we’ll do so at the time when it is necessary. Others have argued, despite contradictory
evidence, that climate change is going to be globally beneﬁcial.
Climate change has unfortunately become a divisive political issue around the world and there are powerful
special interest groups that have inﬂuence over some politicians and political parties. In the United States,
one tenet of the conservative Republican party is less government regulation. In 1981, Republican President
Ronald Reagan’s administration reacted to growing public awareness of the greenhouse eﬀect and global
warming by immediately cutting federal spending on climate-related environmental research and atmospheric
carbon dioxide monitoring. Reagan then appointed Secretary of Energy James B. Edwards, who said that
there was no real global warming problem despite contradicting reports from the EPA.4 In 2015, only ten of the
seventeen Republican presidential nominees acknowledged on record that climate change was real, and only
one nominee oﬀered speciﬁc proposals to reduce carbon emissions. More than half denied that climate
change was caused by humans, including the winning candidate in 2016.5
One day, your students will be adults with the power to vote. They may even become political leaders, policy
writers, or creators of carbon capturing technologies. They didn’t ask for it but adapting to a changing climate
and mitigating damage is going to be a part of their future. The education you are providing now may counter
the inﬂuence of misinformation and doubt so that future generations will be able to make educated and
responsible decisions about the leaders they elect and the policies they support. That’s powerful. Regardless
of what happens with Earth’s climate, the Earth will go on just as it has for billions of years. How long the
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Earth remains habitable for humans depends entirely on the actions we take now and carry into the future.

Essential Background Information

What is Carbon and Why is Carbon Important?
If you were to explore the universe and count the diﬀerent elements, hydrogen and helium would be the most
abundant at about 74% hydrogen and 24% helium. These elements were produced during the “big bang”
formation of the universe and make up about 98% of the universe as we currently understand it.6 Hydrogen
is the lightest element with one proton and one electron. Helium is the second lightest element with two
protons and two electrons. Heavier elements then these, such as oxygen, carbon, neon, and iron, were not
formed during the “big bang.” Instead, they are created in stars through stellar processes and are much
rarer, coming in at an estimated 2% of all the other elements combined! Carbon is in a very distant fourth
place when it comes to the most common universal element, just behind oxygen.
Astronomers estimate that about 90% of the stars in the universe are in their main sequence stage, just like
our beloved Sun, which by comparison is a medium-sized yellow dwarf star. A star exists in the main
sequence stage for most of its life cycle, remaining in a constant state of balance between the star’s
gravitational pull and the outward pushing force of energy released by nuclear fusion of hydrogen into helium
at its core.7 Eventually, over billions of years depending on the mass of the star, that hydrogen source
becomes depleted. When this happens, the nuclear reactions expand to consume hydrogen beyond the core
as the star swells up to 400 times its original size, temperatures cool, and the star becomes redder in color.
This is called the red giant phase.8 The same fate will befall our own Sun someday in an estimated ﬁve billion
years. As the star’s atmosphere grows, its core contracts due to gravity. Temperatures and pressure increase
as nuclear fusion resumes, this time using helium for fuel. The star condenses close to its original size. After
billions of years of fusing hydrogen into helium, the helium will now be fused into other elements. When
helium reaches a temperature of about one million Kelvin, three helium nuclei can fuse together to create a
new element – carbon. If four helium nuclei fuse, oxygen is formed. Every element up to iron is created
through various forms of nuclear fusion in stars. In fact, 115 of the 118 known elements are produced or
sourced by stars in some way, either through continued nuclear fusion, cosmic rays, neutron star collisions,
supernova, or radioactive decay.9
Upon the death of the star, most of the created elements are ejected into space. It is incredible to ponder that
every past, present, and future living organism - from the tallest of trees, to the mightiest of whales, to the
most miniscule of microbes – we all share a cosmic carbon connection with each other and the stars. In the
vast expanse of space dominated by hydrogen and helium, carbon barely registers by comparison. But here
on Earth, and by logical extension any other planet that is host to organic life, carbon is essential.
Every substance on Earth is made up of some combination of the 118 known elements found on the periodic
table. Organic life, with few exceptions, utilizes about 25 of those 118 elements, but carbon, hydrogen,
nitrogen, and oxygen are the most abundant and make up about 96% of living matter.10 Carbon is the
element that binds them all together on a molecular level because of its ability to form stable bonds with
many other elements, including itself. Carbon has an atomic arrangement of six electrons, two in a completed
inner orbit along with four valance electrons available in its outer shell to form covalent bonds to other atoms
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or molecules. Each carbon atom can form 4 chemical bonds to other atoms, and the carbon atom is just the
right, small size to ﬁt in comfortably with larger molecules.
Carbon atoms can also share two or three electrons to form double or triple bonds. Carbon has an exceptional
ability to bind with a wide variety of other elements and molecules due to its atomic electron arrangement.
This property allows carbon to form a variety of large and complex molecules, including organic compounds
like carbohydrates, lipids, proteins, and nucleic acids. Therefore, organisms on earth are all described as
“carbon-based lifeforms.” Carbon is truly the foundation of all life on Earth and living things would not be able
to live, grow, or reproduce without it. It is an element that is necessary to form complex molecules such as
proteins and DNA. A human body is about 18% carbon, while the body of a plant is about 50% carbon.11
Carbon is a key ingredient in the food that sustains us, provides a major source of energy to power our planet,
and the carbon in our atmosphere helps to regulate Earth’s temperature. Carbon is essential to life as we
know it.
Elemental carbon can exist in one of three main physical forms, or allotropes, depending on its atomic
structure. The known forms are diamond, graphite, and fullerenes. The ability of an element like carbon to
crystalize in more than one conﬁguration is known as polymorphism. Carbon also exists as an amorphous, or
non-crystalline solid such as charcoal or soot. In a solid state, carbon dioxide is commonly known as dry ice.
Under normal atmospheric pressure, solid carbon dioxide sublimates to carbon dioxide gas. Carbon dioxide
can also reach a liquid state, but only under pressure above 5.1 atm. Pressurized liquid carbon dioxide is
commercially used as a refrigerant.12
When carbon atoms are arranged in a three-dimensional tetrahedral array as a result of exposure to great
pressure and heat, the result is a diamond – one of the hardest known minerals on Earth. Diamonds are
formed naturally in the Earth over hundreds of millions of years due to the subduction of carbonate rocks such
as limestone or dolomite to about 100 to 200 miles (or more) deep into the Earth’s mantle. This exposes the
carbon in those rocks to approximately 725,000 pounds of pressure per square inch and temperatures
between 900 to 1,300 degrees Celsius.13 There is a bit more to natural diamond formation that depends on
how quickly the formed diamonds move through the mantle, but the diamonds that remain diamonds
eventually make their way through the Earth’s crust and closer to the surface.
It is a misconception that diamonds are made from coal that has been subjected to heat and pressure. I recall
Superman creating diamonds for Lois Lane in the 1978 ﬁlm Superman by crushing several lumps of coal in his
hands and using his heat vision. It would have been more accurate if he would have used graphite instead,
since graphite is pure carbon while coal contains roughly 75% carbon and the rest are other substances or
impurities such as hydrogen, oxygen, nitrogen, and sulfur. In addition, coal is formed from organic plant life
that ﬁrst appeared on Earth an estimated 500 million years ago.14 Natural diamonds with any embedded
material (such as a garnet or another stone) can be dated by measuring the radioactive decay of those
inclusions and researchers have found them to be between 1 to 3.5 billion years old, far outdating coal!
Carbon atoms arranged in a two-dimensional hexagonal lattice structure results in graphite. Graphite occurs
naturally and is the most stable form of carbon under standard conditions of pressure and temperature.
Although diamonds and graphite are the made of the same element, the atomic arrangement produces
substances with vastly diﬀerent hardness, color, conduction, and light refraction properties. Years before his
execution in the French Revolution, prominent 18th -century French chemist Antoine-Laurent Lavoisier
demonstrated that a diamond enclosed in oxygen and heated beyond 800 degrees Celsius will glow red, then
white, and then a reaction between the carbon and oxygen will vaporize the diamond into carbon dioxide
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gas.15 There are some interesting YouTube videos demonstrating this phenomenon. For comparison, the
temperature needed to burn the carbon of a diamond in regular atmospheric air is about 900ºC, while the
ﬂashpoint for wood and coal is about 300ºCelsius.
As a gas, carbon atoms are covalently double bonded to two oxygen atoms to form carbon dioxide (CO2).
Carbon dioxide is an odorless, colorless gas at room temperature. It is also a greenhouse gas because of how
it absorbs long wavelength energy and re-emits energy in all directions. About half of the absorbed energy is
emitted out to space, but the other half is emitted back down to Earth. Although there are various processes
that naturally remove carbon dioxide from the atmosphere, they take time. Researchers estimate about half
to three quarters of atmospheric carbon dioxide is absorbed into ocean water within 20 to 200 years prior to
human contribution of carbon dioxide.16 The rest can be absorbed through a variety of long-term geological
processes that can take hundreds to thousands of years.
The Earth’s Carbon Cycle
Like Earth’s hydrologic (water) cycle, all the carbon on and within the Earth, its waters, its atmosphere, and its
organic inhabitants is contained within a relatively closed system. The amount of carbon on Earth does not
change signiﬁcantly, but where on Earth that carbon is located does. Locations on Earth where more carbon is
absorbed and stored than released are known as carbon sinks or reservoirs. Conversely, any process that
releases more carbon than is absorbed is known as a carbon source. The movement of carbon through the
carbon cycle is known as a carbon ﬂux.
So how much carbon do we think is here on Earth? Scientists from the Deep Carbon Observatory (DCO), a
network of over 1,200 multidisciplinary scientists from 55 countries, spent ten years from 2009 to 2019
assessing carbon reservoirs and ﬂuxes to determine where carbon is stored and how carbon moves through
the Earth’s carbon cycle. They currently estimate that Earth contains about 1.85 billion gigatons of carbon!17
The preﬁx “giga” means one billion. A digit of 1 followed by nine zeros, also written as 109 . You may be
familiar with some computer terms such as gigabyte or gigahertz, representing a billion computer bytes or a
microprocessor that operates on a billion hertz frequency. To put the size of just one gigaton (can also be
spelled gigatonne) of mass into perspective, a single gigaton is equivalent to one billion metric tons, or 2.2
trillion pounds, or approximately 10,000 fully loaded U.S. aircraft carriers! If you placed a one gigaton block of
ice on top of Central Park in New York City so that it covered all 843 acres, it would extend about 1,120 feet
high, almost as tall as the 1,250 feet height of the Empire State Building!18
The Deep Carbon Observatory now estimates more than 99% of the Earth’s carbon is below the surface, deep
within the mantle and core, with most of it in the lower mantle. That’s 1.845 billion gigatons underground.
Only 2/1000ths of 1%, a total of about 43,500 gigatons, is above ground.19 That includes the oceans, land, all
organic life, and the atmosphere. About 85% of that, or 37,000 gigatons, is in deep ocean water – one of
Earth’s major carbon sinks.20 Marine sediments, including the remains of exoskeletons and shell forming sea
creatures, account for about 7%, or 3,000 gigatons, of the above ground carbon. Another 4.6%, or 2,000
gigatons is found in the terrestrial biosphere. The terrestrial biosphere includes the land surfaces and soil of
the Earth, as well as every organism living on land, dead or alive, both plants and animals. The ocean surface
contains about 2% of the near surface carbon, equivalent to 900 gigatons, and is a major carbon ﬂux point for
carbon exchange from the air to the ocean. Finally, there is our atmosphere, which currently holds 1.4%, or
590 gigatons, of Earth’s total carbon content.21 Please note that the atmospheric carbon estimate is strictly
for carbon, not carbon dioxide.
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The carbon cycle describes how carbon atoms continue to travel from the atmosphere to the Earth, then back
into the atmosphere. Carbon reservoirs, also known as carbon sinks, are places where carbon is trapped or
stored. Carbonate rocks such as limestone and chalk, the Earth’s oceans, soil and sediments, the Earth’s
atmosphere, and plant life are all major carbon sinks. Learning about where carbon is stored, and in what
amounts, is crucial to understanding the Earth’s carbon cycle. Carbon can be released back into the
atmosphere naturally through volcanic eruptions, ﬁres, and when organisms respire or decompose. Carbon is
also released due to human activity, primarily the burning of fossil fuels and because of land development –
especially including the production of concrete.22

Figure 1: A diagram of Earth's fast carbon cycle that show the movement 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. (Diagram adapted from U.S DOE, Biological and Environmental Research
Information System.)
Earth has slow and fast carbon cycles. The slow carbon cycle can take 100-200 million years for carbon to
move naturally between rocks, soil, ocean, and atmosphere. Rainwater containing weak carbonic acid
promotes chemical weathering of rock, which releases carbon (in the form of bicarbonate), calcium,
magnesium, potassium, or sodium ions that are carried to oceans. In the ocean, calcium and bicarbonate ions
form calcium carbonate.23 This is the white residue that sometimes collects on faucets if you live in an area
with hard water. In the ocean, calcium carbonate is made by shell-building organisms such as corals and
plankton. Layers of shell and sediment sink to the seaﬂoor and become cemented together over time, turning
into carbon-storing sedimentary rock such as limestone. Eventually volcanic eruptions vent gases, including
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carbon dioxide, back into the atmosphere and new rocks are exposed by uplifting, bringing fresh silicate rock
to begin the cycle again. There is also a faster component to the slow carbon cycle where surface water
meets the air. Carbon dioxide gas dissolves in and out of surface water in a steady exchange with the
atmosphere in balance with the carbon received through rock weathering. An increase in carbon
concentrations in the atmosphere can result in the ocean absorbing more carbon dioxide. Once in the ocean,
the reaction between water molecules and carbon dioxide releases more hydrogen, which makes the oceans
more acidic.
While the slow carbon cycle can take hundreds of millions of years, Earth’s biosphere (all living things) cycles
carbon at a much faster rate. Between 1,000 to 100,000 million metric tons of carbon moves through the fast
carbon cycle per year.24 Plants and phytoplankton absorb carbon dioxide from the atmosphere and combine
with water to form sugar and oxygen. Most plants, algae, and cyanobacteria utilize the process of
photosynthesis to support metabolic activities such as growth, reproduction, and responses to the
environment. The method of photosynthesis varies depending on the species, but the process always begins
with the absorption of light through proteins containing green chlorophyll pigments. In plants, these proteins
are found inside organelles called chloroplasts, while in bacteria they are in the plasma membrane. During
photosynthesis, carbon dioxide enters the leaves of a plant through small pores called stomata. The roots of
the plant absorb water and the plant uses the Sun’s energy (converted into chemical energy) to fuel cellular
respiration that will synthesize carbohydrates such as sugars and starches from the carbon dioxide and water
molecules. Some carbon is released back into the atmosphere through plant respiration. When that
vegetation dies and is buried, some of that carbon remains in the soil. If it burns, carbon is released into the
air as carbon dioxide. The fossil fuels like coal and oil that we uncover for energy production began as
vegetation that eventually became buried deep within the Earth’s crust millions of years ago.
Carbon dioxide is returned to the atmosphere when plants break down to sugar to gain the energy for to grow,
animals eat the plants and break down the plant sugar to get energy, plants die and decay (eaten by
bacteria), or the plants are consumed by ﬁre. In each case, oxygen combines with sugar to release water and
carbon dioxide back into the atmosphere. In 1959, scientist Charles Keeling began taking atmospheric carbon
dioxide measurements on the extinct volcano Mauna Loa in Hawaii. His results showed that carbon dioxide
levels increased and decreased throughout the year to reﬂect the growing season. A more alarming concern
was the realization that there was more carbon dioxide in the air than in the previous century and was
steadily increasing.25 In 2003, the measurement milestone of 400 parts per million (ppm) was reached for
the ﬁrst time in over 55 years of taking measurements. This is similar to carbon concentration levels during
the Pliocene Era (5.3 million to 2.6 million years ago) when the sea levels were higher and the average global
temperature about 3ºC warmer than today.26
Carbon in the Air:
Carbon dioxide gas consists of one carbon atom and two oxygen atoms. Gases are typically measured by
concentration in parts per million (ppm). It occurs naturally as a trace gas. It is odorless, colorless, and nonﬂammable. Earth’s atmosphere is 78% nitrogen and 21% oxygen. The remaining 1% is everything else,
including argon (0.93%), carbon dioxide (0.04%), neon, and trace amounts of neon, methane, krypton, and
hydrogen. Water vapor in the atmosphere can vary depending on location and time because air temperature
determines the humidity capacity of air. At 30° C (86°F) a volume of air can hold up to 4% water vapor, while
at 0°C and below (-32°F) a volume of air can only hold about 0.02% water vapor.27
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Figure 2: The Keeling curve shows the ongoing rise in the atmospheric CO2 concentrations and the similarity
of measurements taken on Hawaii's Mauna Loa (black) and at the South Pole (red).
Carbon dioxide is a greenhouse gas due to carbon’s ability to absorb and re-emit long wave radiation, much
like a rock that retains and re-emits heat at night after a day in the sun. Nitrogen and oxygen thankfully do
not share this characteristic. Air also contains tiny particles or droplets known as aerosols that remain
suspended in the air. An estimated 90% of aerosols are from natural sources, such as mineral dust, sea salt
particles, and partially burned organic carbon that can be sent aloft by wind, volcanic eruptions, or wildﬁres.
The estimated 10% of anthropogenic, or man-made, aerosols include sulfur dioxide, nitrates, and smoke
particles of organic and black carbon that have been released due to fossil fuel combustion and intentional
biomass burning.28
It is unlikely that any carbon dioxide escapes or enters the Earth’s upper atmosphere to or from space. Earth’s
atmosphere is held in place by Earth’s gravity, so carbon dioxide molecules would need enough energy to
reach escape velocity.29 Smaller planets, such as Mars and Mercury, have a much thinner atmosphere due to
their weaker gravitational force. Their atmospheric composition is diﬀerent than Earth’s atmosphere because
of it. Not only is the Earth an ideal distance from the Sun to support life, but it is also large enough to hold a
protective atmosphere and magnetosphere.
Technically it is possible to gain carbon when objects from space collide with the Earth. And I suppose
anything we have launched into space is carbon leaving, but that’s insigniﬁcant. There is no known steady,
natural ﬂow of carbon back and forth from space. Hydrogen and helium are light enough to eventually diﬀuse
into space under several conditions. Certain interactions between Earth’s magnetic ﬁeld and oxygen
molecules also cause a small oxygen leak. Don’t worry, the Earth has enough hydrogen and oxygen to last at
least a billion more years.
A carbon dioxide molecule has an atomic mass unit (amu) greater than the atomic mass unit of nitrogen and
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oxygen, making carbon dioxide denser that the surrounding gases. Atomic mass units are a form of
measurement for atoms and molecules, just like the mass of a person may be expressed in pounds or
kilograms. Atomic weight is determined by taking an averages of the element’s isotope variations. Isotopes
are forms of the same element that diﬀer according to the number of neutrons they have in their nuclei,
although they still have the same number of protons. For example (and I am rounding amu values to the
nearest tenth for simplicity), a carbon atom is about 12 amu, an oxygen atom about 16 amu, and a nitrogen
atom is about 14 amu. Carbon dioxide is a molecule composed of one carbon atom and two oxygen atoms,
giving it a total atomic weight of 44 amu. Oxygen molecules contain two oxygen atoms, for a total of 32
amu. A molecule of nitrogen gas is made of two nitrogen atoms, for a total of 28 amu. At 44 amu, carbon
dioxide has a greater atomic weight than either oxygen or nitrogen gas. While these three heavier molecules
are bound to Earth by gravity, lighter gases, like hydrogen and helium, can escape from Earth's gravity and
eventually drift into space.
Despite being heavier, carbon dioxide does not form a settled, stratiﬁed layer under oxygen and nitrogen.
Atmospheric gases are well mixed because of the force of diﬀusion as gas expands to ﬁll a volume. There is
also a lot of energy in the air due to uneven temperatures. Theoretically, if you could cool the Earth and
enclose it in a sealed container until the only force acting upon it is gravity, the gases would settle in stratiﬁed
layers.
What is the Greenhouse Eﬀect?
The process that occurs when gases in the Earth’s atmosphere trap heat, much like the Earth under a blanket,
is known as the greenhouse eﬀect. Students may relate more to a blanket analogy rather than a greenhouse,
but either way – it is a process that keeps the Earth warm. Without greenhouse gases in our atmosphere, the
Earth’s average temperature would drop to as low as 0º Fahrenheit (14º Celsius).30 Earth would be an icy
wasteland, hospitable only to organisms that could tolerate such conditions. Key to this understanding is the
natural balance that makes our planet unique in our solar system with its ability to support an abundance of
life. Too much greenhouse gas can have a detrimental eﬀect. The planet Venus provides us an example of a
planet where greenhouse gases have greatly increased the atmospheric and surface temperature of the
planet. Too much heat would be trapped, and to continue the blanket analogy, it would be like wearing a
winter coat under a large pile of blankets on an already hot day.
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Figure 3: Earth's atmosphere traps some of the Sun's heat, preventing it from escaping back into space at
night. Credit: NASA/JPL-Caltech
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Figure 4: A greenhouse captures heat from the Sun during the day. Its glass walls trap the Sun's heat, which
keeps plants inside the greenhouse warm - even on cold nights. Credit: NASA/JPL-Caltech
Energy from the sun is either reﬂected into space or absorbed by the Earth. Greenhouse gases are water
vapor, carbon dioxide, methane, nitrous oxide, ozone, and chloroﬂuorocarbons (CFCs). They absorb the heat
and radiate it out in all directions, very much like a stone that has been heated by the sun. Under the current
balance, the amount of carbon dioxide has been increasing as human activity releases more and more of it
into the atmosphere each year. This has led to an increase in temperature. Since warmer air can hold more
water, this adds more water vapor to the atmosphere (and an increase in rainstorms in some regions).
A familiar concept that dark-colored objects left out in the sun get warmer than light-colored objects is a
phenomenon known as albedo. Anyone who has walked barefoot on the white painted lines of a dark asphalt
parking lot to reduce burning their feet is familiar with this concept. This has an impact on weather and
climate on a planetary scale. In the Arctic regions, it can result in the melting (or build-up) of sea ice and
glaciers. Sunlight is the primary driver of Earth’s climate with about 340 watts per square meter of energy
from the Sun reaching the Earth. About one-third of that energy is reﬂected into space, and the remaining
energy is absorbed by land, ocean, and atmosphere. Exactly how much sunlight is absorbed depends on the
reﬂectivity of the atmosphere and the surface. Albedo can range between 0 (nothing reﬂected) and 1
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(completely reﬂected like a mirror). Ocean water albedo is about 0.06, or 6 percent.31 Sea ice can range
from 0.25 to 0.8, or 25 to 80 percent. Sea ice melts as global temperatures rise. This change to the Earth’s
albedo as the result of melting ice further exacerbates climate change. The same can be said for man-made
changes to the Earth’s surface such as removal of vegetation and adding building while paving of roads.
Under current climate conditions, urban areas already experience a “heat island eﬀect” where daytime
temperatures are 1ºF to 7ºF warmer than outlying areas and nighttime temperatures about 2ºF to 5ºF
higher.32
How Do We Know the Climate is Changing?
While weather describes the conditions at a particular time and place, climate refers to the weather conditions
and patterns expected in a particular region as various times of year. Climate change refers to changes in the
average conditions (such as temperature and precipitation) averaged over a long period of time in a particular
region. Global climate change refers to the average long-term changes over the entire planet. Even before
humans, the Earth’s climate has constantly been changing. For example, 20,000 years ago, much of North
America was covered in glaciers but today we have a warmer climate and fewer glaciers. The Earth is used to
these continuous changes over its 4.5-billion-year history and will continue to survive and adapt despite these
changes.33 However, the disruption to climate as we know it could have some dire consequences. Some of
the observable and measurable eﬀects of climate change include rising sea levels, shrinking glaciers and
Arctic ice, changes in temperatures that drive weather patterns, and changes in ﬂower and plant blooming
times. Earth’s climate is a large, interconnected system and the combined eﬀects of these changes will
impact one another.
We know what the Earth’s climate was like in the past by observing things that have been around a long time.
For example, scientists can make observations about weather conditions over the years of a tree’s life by
studying the insides of those trees. To study Earth’s climate even further back, hundreds of thousands of
years ago, scientists (speciﬁcally paleoclimatologists) use things that have been around that long ago –
icecaps, lake and ocean sediments. They study these by drilling out ice cores and sediment cores. Some ice
cores can be several miles deep and each layer in an ice core (or a sediment core) tells scientists something
about the Earth’s past.
We also know that added carbon dioxide, a greenhouse gas, to the atmosphere will create a growing feedback
loop that results in warmer global temperatures unless humans intervene to reduce their collective global
carbon output. Students having just studied energy resources are at a prime time to learn about the
consequences of our energy demand and are ready to explore how science is used to determine energy
resources that will meet our needs while doing the least amount of damage to the planet as we know it today.

Teaching Strategies:

This unit should follow a lesson on human energy resources (renewable and non-renewable).
Use a KWL chart (what we Know, want we Want to know, what we Learned) to ascertain what students already
know while also identifying misconceptions.
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Engage students with an attention-grabbing phenomenon or mystery that encourages students to ask
questions and use scientiﬁc reasoning to explain their ideas. These can be contained within one lesson or be
used to guide an entire unit. A potential resource can be found at www.ngssphenomena.com or
https://sites.google.com/site/sciencephenomena/. A well-chosen phenomenon to observe will be connected to
the topic of study, as well as put students on a level playing ﬁeld where all ideas and contributions are
considered. Video clips and images (that just show, don’t explain) are popular resources, but many classroom
science demos can be used as a phenomenon to inspire conversation as well.
Develop a strong and varied resource library, both in print and digital, to help guide students to legitimate
resources. During the Covid pandemic, many teachers, myself included, developed bitmoji-themed
classrooms that provided students with a hub to access digital materials. Adding NASA Climate Kids
(www.climatekids.nasa.gov) is strongly recommended. It includes articles, videos, games, and activities that
students can do online.
Watch a ﬁlm with a climate change theme. A personal favorite is “Before the Flood,” followed by “An
Inconvenient Truth.” Each of those exceeds 90 minutes, so it may make sense to use highlighted clips or to
divide them into sections. For younger students, “Happy Feet,” “A Beautiful Planet,” or “Arctic Tale” are solid
recommendations.
Read to your students. There are several recommended titles that are age-appropriate with a climate change
theme. They are: “Winston of Churchill: One Bear’s Battle Against Global Warming,” “The Tantrum That
Saved the World,” “The Magic School Bus and the Climate Challenge,” “What Is Climate Change?” and
“Analyzing Climate Change: Asking Questions, Evaluating Evidence, and Designing Solutions.”
Use NASA’s Global Climate Change site (www.climate.nasa.gov), especially the Images of Climate Change,
Interactives, and the Global Time Machine features.
Do citizen science. There are several organizations that rely in data collected from citizens. These include:
The Community Collaborative Rain, Hail, and Snow network, Fireﬂy Watch, Monarch Watch, Audubon Climate
Bird Watch, NASA Globe Cloud Gaze to name a few. You can also go to www.scistarter.com to search for
current citizen science projects.
Start or work on a school garden. Students who use a garden as their lab can learn a great deal about natural
cycles as well as conservation. The site www.thepermaculturestudent.com contains useful information for
starting and maintaining a school garden.

Lesson Plans/Ideas

Lesson 1: I plan to introduce students to the fact that air has mass with a short demonstration. Publicly weigh
a deﬂated basketball (or similar item). Pump it full of air. Have students predict if the weight will increase,
decrease, or stay the same. It will weigh more. This leads to direct instruction of what air is made of and the
layers of Earth’s atmosphere. Start a KWL chart on climate change.
Lesson 2: Begin reading our watching some of the recommended resources. Introduce students to the digital
hub created with links to NASA’s Climate Kids site. Use Padlet or a similar platform where you can pose
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questions for students to respond to. Direct teach about carbon as explained in the background information
section of this unit.
Lesson 3: Complete a carbon footprint calculator. There are several online. My favorite is
https://www3.epa.gov/carbon-footprint-calculator. This can be done individually, but at this age it may be best
to complete one together. Have students generate ideas to reduce their carbon footprint. Introduce the
school garden or citizen science project (if doing any of these).
Lesson 4: Investigate the albedo eﬀect of diﬀerent colored surfaces. This can be done outside or on a
windowsill. Use diﬀerent colors of cloth or paper (try to keep it the same material) and use digital
thermometers to measure and tabulate results. If not available, placing the same amount of ice on each
surface and observing the melt rate will suﬃce. Introduce the concept of the greenhouse eﬀect.
Lesson 5: Build a solar oven! There are many examples online, some even commercially available. Students
should compare the results to a variety of solar ovens to determine which designs “cooked” better. I
recommend trying to make cookies. Pre-made dough will make this easier. This activity connects to the
concept of a greenhouse eﬀect.
Extend your lesson planning by exploring many of the diﬀerent resources on NASA Climate Kids as well as
Climate Change Education Exchange (https://www.climatechangeeducationexchange.org/home). There are
many individual projects and games available.

Appendix: Annotated Standards

There are two 4th grade level Next Generation Science Standards (NGSS) aligned to this unit.
4-ESS3-1. Obtain and combine information to describe that energy and fuels are derived from natural
resources and their uses aﬀect the environment. Examples of renewable energy resources could include wind
energy, water behind dams, and sunlight; nonrenewable energy resources are fossil fuels and ﬁssile materials.
Examples of environmental eﬀects could include loss of habitat due to dams, loss of habitat due to surface
mining, and air pollution from burning of fossil fuels.
The main idea of this unit is to introduce the element carbon and the eﬀect it has on the Earth as carbon
dioxide, a greenhouse gas. There had been a natural carbon balance on Earth that developed over millions of
years, with the amount of carbon naturally released from reservoirs in equilibrium to the amount that is
naturally absorbed by reservoirs. Many scientists believe that human activity over the past 300 years has
upset that carbon balance and the projected consequence is a warmer planet with changing climate patterns
and higher sea levels.
4-ESS3-2. Generate and compare multiple solutions to reduce the impacts of natural Earth processes on
humans. Examples of solutions could include designing an earthquake resistant building and improving
monitoring of volcanic activity. Assessment is limited to earthquakes, ﬂoods, tsunamis, and volcanic eruptions.
This unit encourages students to investigate ideas and actions that can reduce carbon on a global scale,
therefore mitigating some of the eﬀects of climate change.
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