Communicating College Course Outreach Activity

Carbon & the Carbon Cycle: Why is everyone talking about it?

Synopsis of the Activity

Learners use information from carbon cycle reservoirand flow cards as well asa carbon cycle
game and an interactive computer carbon cycle diagramto build understanding of how carbon
flows between reservoirs on Earth, with and without human industry.

Audience
This activityisdesigned forthe general publicandis bestaccessed by learnersin middle school
orolder. Itis bestdone with small groups of visitors.

Key Concepts:
= Carbon movesbetween reservoirs, but the total amount of carbon on Earth doesn’t
change.
=  Human industry moves carbon out of fossil fuel and limestone reservoirs and into the
atmosphere.

Other Ideas Addressed:
=  Fossil fuelsand many otherthings produce CO, whenthey combust.
= Natural flows move small amounts of carbon out of the reservoirs of fossil fuels and
limestone.
= One carbon atom may move through many different reservoirs.
= Everyscientificmodelhaswaysinwhichitis accurate and waysin whichitis inaccurate.

Climate Literacy Principles:
2. Climate isregulated by complex interactions among components of the Earth system.

d. The abundance of greenhouse gasesin the atmosphere is controlled by
biogeochemical cycles that continually move these components between their ocean, land, life,
and atmosphere reservoirs. The abundance of carboninthe atmosphereis reduced through
seaflooraccumulation of marine sediments and accumulation of plantbiomassandisincreased
through deforestation and the burning of fossil fuels as well as through other processes.

4. Climate varies over space and time through both natural and man-made processes.

g. Natural processes thatremove carbon dioxidefrom the atmosphere operate slowly
when compared to the processes thatare now addingit to the atmosphere. Thus, carbon
dioxide introduced intothe atmosphere today may remain there foracentury or more. Other
greenhouse gases, including some created by humans, may remaininthe atmospherefor
thousands of years.

6. Human activities are impacting the climate system.

c. Human activities have affected the land, oceans, and atmosphere,and these changes
have altered global climate patterns. Burning fossil fuels, releasing chemicalsinto the
atmosphere, reducing the amount of forest cover, and rapid expansion of farming,
development, andindustrial activities are releasing carbon dioxideinto the atmosphere and
changingthe balance of the climate system.
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Ocean Literacy Principles:
2. The ocean and life inthe ocean shape the features of Earth.

d The oceanisthe largestreservoirof rapidly cycling carbon on Earth. Many organisms
use carbon dissolvedinthe oceanto form shells, other skeletal parts, and coral reefs.

3. The oceanis a majorinfluence on weatherand climate.

e. The ocean dominates Earth’s carbon cycle. Half of the primary productivity on Earth
takes place inthe sunlit layers of the ocean. The ocean absorbs roughly half of all carbon dioxide
and methane thatare added to the atmosphere.

5. The ocean supports a great diversity of lifeand ecosystems.

b. Most of the organisms and biomassin the ocean are microbes, which are the basis of
all oceanfood webs. Microbes are the mostimportant primary producersin the ocean. They
have extremely fast growth rates and life cycles, and produce a huge amount of the carbon and
oxygenon Earth.

Materials:
— Stationsign that reads: Carbon: Why is everyone talking about it ?
— Carbon cycle cards (reservoir (blue border) and flow cards (green border))
— Carbon Cards (orange border)
— Computer
— Carbon cycle diagram
— Different colored pencils —two colors per learner
— 2 setsof 10 each of 5 different colors of paperclips (green, red, blue, yellow, white)=
total of 50 paperclips (one setfor Model #1 and the second for Model #2)
— carbon cycle game boards (2 sets of each)
— dice (1 die perset)
— Keelingcurve sheet
— “How much is a gigaton?” sheet
— Fossil fuel graph
— Focus questions sheet
— Key concepts sheet
— interactive carbon cycle diagram, computer model url:
o http://mare.lawrencehallofscience.org/curriculum/ocean-science-
sequence/o0ss68-overview/o0ss68-resources/unit2
o Scrolldown to Session 2.7: Investigating Combustion and the Carbon Cycle;
thenclick on Simulation: Interactive Carbon Cycle Diagram.
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Doing the Activity:

Invite learners to participate.

1. Introduce topic. Whenlearnersapproach the station, greetthem and letthem know
that you are exploring carbon and what is causing it to increase in the atmosphere. Ask
about theirprior knowledge with the following prompts and accept all responses

a. What have you heard about the causes of climate change?”
b. “Lots of people talk about carbon when they talk about climate change. W hat
have you heard about carbon and climate change?”

2. Summarize and introduce activity. Dependingon what the learners know about carbon
in the atmosphere, share some of the following:
a. If theyare not too familiarwith carbon inthe atmosphere

e Askthem iftheyare interestedinlearningabit about why everyone
keepstalkingabout carbon when they talk about climate change.

e Share that scientists have determined that the major cause of climate
change isdue to human activities addingincreasing carbon (in the
form of carbon dioxide gas) intothe atmosphere.

b. If thelearnerknows quite a bit, ask if they are interestedinlearning more
through some modelsand games.

Exploring how carbon moves between reservoirs.

1. Introduce carbon reservoirs images. Show the colored images of five reservoirs
(animal, plant, fossil fuel, ocean and atmosphere). Define reservoirs as places that store
carbon. Facilitate a discussion aboutthe images and where carbon is found in each.
Explainthat each isa carbon reservoir.

a. Carbon cards. Distribute the carbon cards and have learners explore other
examples of carbonreservoirs and look for the form that the carbon can be
foundin each (e.g. CsH1,06 in plants).

b. Ask, “Which of these places have you heard about before? Which of these
carbon reservoirs do you find interesting or surprising? What questions do
you have about these carbon reservoirs?” Accept all responses and share
answersto questionsasappropriate.

c. Afterexploring, collectthe cards and move them out of the way.

2. Introduce Challenge — follow the carbon. Tell learnersthat their challenge forthis
activity is to follow the carbon from one reservoirtoanother and to describe how
carbon might move between the reservoirs. Have learners look at the images of the
atmosphere and the tree and ask them if they could try to explain how carbon might
move between these two reservoirs. Have them discuss this question with each other
and then ask a volunteerto share ideas they discussed. If they don’t know, describe
photosynthesis and respiration very briefly as a way to provide an example of carbon
(as CO2) moving (or flowing) between reservoirs.
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3. Carbon Cycle Cards — facilitate discussions to gather information on how carbon
moves between reservoirs. Have learners choose another couple of reservoirs from
the images andtry to predict how carbon mightflow betweenthem. Challenge themto
make some predictions. Afteraminute or so and dependingon their priorknowledge,
tell them that you have some cards that they can look through to find additional
information. Share some of the carbon cycle reservoir (blue border) and flow cards
(greenborder) forlearnersto examine fora few minutes as they show interest. Collect
the cards and set aside for now.

4. Carbon cycle diagram — make predictions and record what you learned. Distribute a
carbon cycle diagramto each learnerand a colored pencil. Challenge themto 1) label
all the reservoirsthey see, and 2) predict how carbon might flow between the
reservoirs by drawing and labeling arrows to show the movement. Give them a few
minutestowork on thisand thenyou can have them share theirdrawings with each
other. Also have themrecord anythingthey are wondering about.

5. Record moves with different color. Tell them that they will next play a game that
shows how carbon might move between these reservoirs. As they play the game, they
will keep track of how they move the carbon betweenthe reservoirs by adding arrows
and labelsto theirown carbon cycle diagram usinga different color pencil. Distribute a
different color of pencil to each learnerso they can record their moves.

Paper Clip Model #1

1. Introduce Paper Clip Carbon Cycle Model. Tell learners that we’ll be usinga game model of
the carbon cycle that will allow us to follow carbon atoms as they move or flow through and get
storedin many different places on Earth. Remindlearners thata place that stores carbon is
called areservoir.

2. Demonstrate the model. Share Paper Clip Carbon Cycle Model #1. Point out that this model
has onlyfive carbon reservoirs, farless than the number of reservoirs we just saw in the
carboncards. The reservoirs are represented by the ovals on the page. The arrows betweenthe
reservoirs represent flows—how carbon moves from one reservoirto another, just like they
showed ontheir own carbon cycle diagram. Show a couple of carbon cycle flow cards,
especially the photosynthesis card, to clarify what you mean by flow and how carbon might
move between reservoirs. Carbon atoms that belongto each reservoirare represented by
different-colored paperclips, ten of each. All the paperclips representidentical carbon atoms—
the differentcolorsare so learners can rememberwhich reservoir each carbon atom startedin.

a. Set up. Show the learners how they should place ten paperclipsin each reservoir
oval on the model sheet. The sheet tells which color goes with which reservoir.

b. Demonstrate running the model. Say, “Start with the ocean reservoir. One group
member will roll a die. The number that comes up on the die will tell you where to move ONE
carbon atom (paper clip) from that reservoir.” Demonstrate by rolling the die, then locate the
numbershown on the die, and match itto one of the flow arrows that exits the ocean
reservoir. Move one paper clip as indicated, but note that sometimes atoms don’tactually
leave the reservoir. Say, “Each person will get one turn with the ocean reservoir, and then you
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will move clockwise to the next reservoir where each person gets another turn. Continue
until you’ve visited all five reservoirs.”

3. Introduce focus questions for the game. Show the sheet of focus questions, and tell learners
to keeptheseinmindas they observe what happensintheirmodel. Leave the questions visible
as learners work through the game.

4, Learners set up and run the model. Pass each group of 4-5 people aPaper Clip Carbon Cycle
Model #1 sheet, a bag with the different colors of paper clips, and a die. Have groups set up
theirmodels and begin the cycle. Checkin with each group (if there is more than one) to make
sure they are runningthe model correctly. If a group is runningit incorrectly, don’t have them
resetall the paper clips; have themrun it correctly from that point forward.

Note to facilitator: The goal for using this model isto help the learners see the way in which
carbon moves around Earth as a system. Learners should realize that even though the amount
of carbon in one reservoirmay increase or decrease, the total amount of carbon on Earth does
not change. Using different colors of paper clips also allows students to observe thata carbon
atom can move through many reservoirs.

5. Discuss focus questions with all learners. After groups run the models for about five
minutes, have them setaside their materials. Discuss each of the focus questions. Ask,

e “Whichreservoirsincrease? Which decrease?" "What is your evidence?"

¢ “Which reservoir gained the most atoms from differentreservoirs?” "Do others agree or
disagree?" "Why?"

e “What happens to the total number of carbon atoms on Earth?” [Staysthe same, evenif
some reservoirsincrease ordecrease.]

Paper Clip Model #2

1. Discuss increasing use of fossil fuels. Show the fossil fuels graph. Tell the learners that this
rather complicated graph showsthe increase inthe combustion (burning) of various kinds of

fossil fuels overthe past 200 years. Let all of the learners describe what they notice. [People

are using more and more fossil fuels everyyear. Inthe 1800s, they primarily used coal; since

about 1950, the use of all fossil fuels hasincreased rapidly.]

2. Groups run Model #2 with new fossil fuels flows. Say, “We will use our paper clip model to
investigate how this increased combustion of fossil fuels might affect the carbon cycle.” Pass
each group a Paper Clip Carbon Cycle Model #2 sheet, and an additional bag of paperclips. Tell
themthey can leave the Model #1 sheets asthey are so that they can compare the results of
the two models. Point out that the new model sheethasa combustion flow from the fossil
fuelsreservoir. Ask, “Do you think the results from Model #2 will be the same or different
from Model #1? Why?” Acceptall responses. Askif others agree or disagree withideas being
expressed. Have learners set up and run the model with this sheet.

3. Discuss results. Allow all learners to share theirresults from Model #2. [More carbon atoms
that were originally from fossil fuels are likely to end up in the atmosphere.] Put out the Key
Conceptsheetto sum up the ideasfrom the two models. Have learners refer back to these key
concepts whenthey debrief the models further.
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4. Point out strengths and weaknesses of the model. Say, “This model shows some things well
and doesn’tshow other things well. It is good for tracking how carbon atoms move through
the system. On the other hand, it shows far fewerflows and reservoirs, and it doesn’t show
that some flows and reservoirs are much bigger than others.” Have groups gather their paper
clipsand put them back inthe bags. Collect all materials.

5. Define carbon cycle. Tell learnersthat the models they have been working with are models
of the carbon cycle—how carbon cycles/flows throughout Earth systems.

6. Debrief learning from the models with Keeling Curve graph. Show the Keeling Curve graph.

Point out that the blacktrend line isthe one you would like learners to pay attention to.
a. Give learners a minute to look at the graph and talk to a partner about what they
think the graph shows. (Learners might wonder what parts per million refers to. Let
them know it is the number of CO, molecules in the atmosphere forevery one million
molecules. So, one part per million would mean one in a million. They may also wonder
why the red line squiggles. If it seems appropriate, share thatthe red squiggles
represent seasonalvariation. About half the year, CO, levels are on the lower end
becausetrees have all of their leaves and are taking in lots of CO,. The other half of the
year, the trees are barren and don’t take much CO, out of the atmosphere. You can
refer back to the photosynthesis flow card to clarify what you mean. )
b. Have learners share out their ideas about what the graph shows. [AtmosphericCO,
has beenrisingsince 1958.] Ask, “Based on the evidence you gathered during the
carbon cycle paper clip games, why do you think you are seeingthe trend you see on
the Keeling Curve graph.” Give learners a minute to discusstheirideas with a partner
or the group. Encourage learnersto consider and build on each other’sideas by asking
questions like, “What do others think about that idea? Do you agree or disagree with
that idea? Why? What makes you think that?” If no one mentionsit, share that all of
the excess CO, goinginto the atmosphere from burningfossil fuelsisn’t flowing back
out of the atmosphere reservoirinto otherreservoirs asfast as it is entering.

7. Discuss implications for reducing carbon in the atmosphere. Ask, “Based on what you
learned from the paper clip game, what do you think people could do to decrease the
amount of carbon in the atmosphere?” Allow learnerstodiscusstheirideas. Promptthemto
provide evidence if needed by asking questionslike, “What makes you think that? Whatis your
evidence?” Ask if anyone agrees or disagrees with the ideas being offered and why.

8. Explore the carbon cycle interactive. If learners are still interested, allow them to play
around with the interactive carbon cycle diagram computer model. Checkin fromtime to time
and ask if they are finding anythinginteresting or surprising. Encourage learnerstoclick on
flows and reservoirs tofind more information. Also encourage them to use the tabs at the top
of the interactive to see different flows. Some learners might even want to do the math and
calculate how much carbon is flowinginto the atmosphere and how much is flowing out. If they
use just the natural flows, the numbers will balance. If they add in human industry, more
carbon will be enteringthe atmosphere than leaving. You may wish to share the “how much is
a gigaton?” sheetwithlearnersifthey seemto beinterestedin calculating numbers.

9. Find out about the effects of increasing atmospheric carbon dioxide. At this point, many
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learners will be curious to find out more. Encourage learnersto visitthe greenhouse effect
activity, the sea level rise activity, and the ocean acidification activity.
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Science Background

The Carbon Cycle

The carbon cycle on Earth is the system of reservoirs containing carbon and the flows
that move carbon between these reservoirs. The carbon cycle includes living things (both on
land and inthe ocean) takingin carbon from the atmosphere through photosynthesis and then
later returning carbon to the environmentthrough respiration, decomposition and decay, fossil
fuel formation, and combustion.

Understanding the carbon cycle is key to understanding the causes, effects, and
solutionsto climate change. By understanding how and where, as well as how long, carbonis
storedin Earth’s various reservoirsand how it flows between them, students can gainan
appreciation of natural processes and man-made processes involved in maintaining and
changing Earth’s climate. The ocean plays an especiallyimportantrole in the carbon cycle with
regard to climate change, as the ocean absorbs a significantamount of excess CO, fromthe
atmosphere.

Carbon Reservoirs

Carbonreservoirs are places where carbonis stored fora period of time until it flows to
anotherlocation. These reservoirs contain not only carbon, but many otherelements as well.
The carbon in a particularreservoir may be part of one or more of the many types of molecules
containing carbon that are found on Earth and could be presentin gaseous, liquid, orsolid
states.

Carbon moves between different reservoirs, but the total amount of carbon on Earth
remainsthe same. Carbon reservoirs, insize order from largest to smallest, are limestone and
otherrocks, sediments and sedimentary rocks, ocean water, fossilfuels (natural gas, crude oil,
and coal), soil, the atmosphere, plants, and animals. The average time that carbon staysin these
reservoirs varies from days to weeks to years to millions of years, depending on the nature of
the reservoir.

Earth’s Crust (limestone and other rocks, sediments and sedimentary rocks, fossil
fuels, and soil). About 99 percent of all carbon on Earth islocked up in sediments and
sedimentaryrocks. Itisalsostoredinfossil fuels such as coal, oil, and natural gas and in
carbonate-based rock such as limestone, dolomite and chalk. Dead organic matter, litter, and
humusinsoil are another carbon reservoir within Earth’s crust. All these carbon reservoirs are
important, notjust because togethertheyformthe largest repository of carbon on Earth, but
also because humanindustry has dramatically increased the flow of carbon out of them.

The Ocean (deep ocean water and ocean surface water). The ocean covers over 70
percentof Earth’s surface and has an average depth of almost 4,000 meters. Becauseitisso
large, the ocean holds a great deal of carbon —approximately 38,000 gigatons. Carbonin ocean
wateris foundin differentforms, such as dissolved carbon dioxide (CO,) and carbonicacid
(H,CO3). Carboninthe oceanis important for phytoplankton, which take in carbon dioxide as
part of photosynthesis, and forshelled animals, which use carbonin their calcium carbonate
(CaCOs;) shells. Ocean surface waterand deep ocean water can be considered as distinct carbon
reservoirs, since the flows of carbon are quite different for surface and deep water. The ocean
as a carbon reservoir plays animportantrole in the carbon cycle because there is a great deal of
flow between the atmosphereand ocean, both through photosynthesis and diffusion, and
because many geologiccarbon reservoirs formthroughinteractions with the ocean.

Earth’s Atmosphere. The atmosphereisalayerof gases surrounding Earth, held close
by Earth’s gravity. The atmosphere beginsright at Earth's surface where most of its mass is
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concentratedinthe first 11 kilometers (km). About 100 km out, the atmosphere becomes so
thin, thatitis now the place we call outer space. Earth’s atmosphere is composed primarily of
nitrogen and oxygen, with less than 1 percent being composed of carbon dioxide (CO,),
methane (CH,), and othergases. The carbon-based gases it contains make ita medium-sized
reservoirof carbon— roughly 800 gigatons of carbon, with an average residence timeof 3.6
years. This means that carbon remainsin the atmosphere forapproximately 3.6 years before
flowinginto anotherreservoir. Some carbon-based gases remain in Earth’s atmosphere longer
than others; carbon dioxide (CO,) may remain in the atmosphere foras little as 30 yearsand as
longas 95 years.

The atmosphere plays acritical role in keeping our planet habitable. It contains the
gases that organisms use for respiration, photosynthesis, and other physiological processes, and
it maintains amoderate global temperature. Carbon dioxide (CO,), methane (CH,), water vapor
(H,0), and some othergasesin the atmosphere are known as heat-trapping gases. These gases
transmit most of the light energy (from sunlight) heading through the atmosphere toward
Earth’s surface. When thislight energy warms Earth's surface and heatenergyisre-emitted
from Earth’s surface through the atmosphere, these gases reflect much of that heatenergy back
toward Earth. The increase of these heat-trapping gasesinthe atmosphere is causingan
increase in average global temperatures.

Organisms (plants or other photosynthetic organisms and animals). Every cell in every
livingthingis partly composed of carbon; DNA, sugars, cellulose, proteins, and many, many
others, allinclude carbon. Carbon-based molecules play akey role in how organisms get
energy—through photosynthesis in the case of plants, algae and other plantlike organismes,
through eating other organisms or decomposing material from other organismsin the case of
animals, fungi and others. It should be noted that the plant carbon reservoirincludes all
photosyntheticorganisms, and the animal carbon reservoirincludes all non-photosynthetic
organisms.

Carbon Flows

A carbon flow is a way in which carbon moves from one reservoirto another. The
processes of respiration, photosynthesis, absorption of CO, into the ocean, decomposition, fossil
fuel formation, and combustion account for most of the flows in the carbon cycle. While
moving, carbon often becomes part of different kinds of molecules (e.g., CO,, CH,;, CaCO3). And
its phase (solid, liquid, or gas) may also be different before and afteraflow. Forexample, when
coal combusts, carbon goes from being part of a solid in relatively large hydrocarbon molecules
to beingpart of a gas in three-atom carbon dioxide molecules.

Some flows are much larger than others. The largest carbon flows move about 100
gigatons of carbon peryear and include the processes of photosynthesis and plant respiration,
flows between the ocean and atmosphere, and flows between the ocean surface and deep
ocean. All these flows and afew others occur naturally. But three flows are not natural: ( 1)
changinghow landis used, (2) burningfossil fuels, and (3) making cement. Human industry has
instigated these man-made carbon flows, and that has impacted the overall carbon cycle and its
equilibrium.

Flows into the Atmosphere.
Ocean to Atmosphere. A great deal of carbon flows back and forth between the ocean’s
surface and the atmosphere. About 90gigatons of carbon per year, inthe form of carbon
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dioxide, moves from ocean waterinto the atmosphere. Roughly the same amountis absorbed
each yearfromthe atmosphere into the wateratthe surface of the ocean.

Plants and Animals to Atmosphere. Organic processes move significantamounts of
carbon intothe atmosphere through respiration, including ruminant digestion, and gases
released when living things decompose.

Respiration. Respiration moves carbon as carbon dioxide from the reservoir of living
thingsonland, or at the surface of the ocean, intothe atmosphere. The term respiration is
commonly usedtoreferto simply breathing, inhalingand exhaling gases, but thatis only part of
the process. Cellularrespiration occursinall cells, and itis how organisms obtain the energy to
grow and function. Respiration is the process of takingin oxygen, using thatin a chemical
reactionto break down sugars from food in order to release energy, and disposing of carbon
dioxide, whichis a product of the reaction. Respiration canbe represented in the equation:
CeH1,06 (sugar) + 60, = 6CO, + 6H,0 + energy (36ATP). Thisis aerobic respiration, respirationin
which oxygenisareactantand carbon dioxide and waterare its products. Many organisms
employ anaerobicrespiration, respiration where oxygenis notareactant and other products
result. One kind of anaerobicrespiration occursin the guts of animals during digestion and that
processreleases carbonin the form of methane gas.

Ruminant Digestion. Methane gas (CH,) is a byproduct of digestion in some animals,
and a significantamountisreleased into the atmosphere. In particular, cows release alarge
amount of methane. Cows emit massive amounts of methanethrough burps, withalesser
amountthrough flatulence. Statistics vary regarding how much methane the average cow
expels, but some experts say 200 to 400 pounds peryear. It is estimated that agriculture is
responsible for 14 percent of the world’s heat-trapping gases. Why do cows produce so much
methane? Cows, goats, sheep, and several otheranimals belongto a class of animals called
ruminants. Ruminants eatfood (grasses) that they could not digest without the help of
anaerobicbacteriathatlive intheir multiple stomachs. The bacteriamake the food usable for
the animals, and the process produces methane, which is expelled into the atmosphere.

Gas from Decomposition. In the process of breaking down plantsand animals,
decomposers (bacteria, fungi and other organisms) release both carbon dioxideand methane
(CH,4) into the atmosphere, depending on whetherthe process happens either aerobically or
anaerobically. Organicmaterial decomposing with oxygen is an aerobic process and CO, is
released. Generally, aerobic organisms respire about two-thirds of the carbon they consume as
CO,, while the otherthird is combined with other molecules and nutrients in their cells.
Anaerobic decomposition takes place when dead organisms decompose underwater or
underground where oxygen and microorganisms that use oxygen are not present. In this case,
carbon from organic compoundsis released mainly as methane gas. If the decompositionis
taking place underwater, the gases dissolveinthe waterand are usually released slowlyinto the
atmosphere. Together, both aerobicand anaerobicdecomposition account for 30 gigatons of
carbon enteringthe atmosphereeachyear, eitherinthe form of CO, or CH,.

Flows from Earth’s Crust to Atmosphere. Carbon flows in this category can be divided
intothose that occur naturally—acombined total of .08 gigatons—and those that happen
because of humanindustry—acombined total of 9.4 gigatons.

Natural Flows: Earth's Crust to Atmosphere (natural leakage and breakdown of fossil
fuels and volcaniceruptions). Avery small amount of carbon moves naturally from Earth’s crust
to the atmosphere. Volcaniceruptions from rocks deepin Earth’s crust and the natural leakage
of tiny quantities of fossil fuels to the surface each release smallamounts of carbon dioxide into
the atmosphere.

Human Industry: Earth's Crust to Atmosphere (combustion of fossil fuels, land -use
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change, and making cement). Although fossilfuels release carboninto Earth’s atmosphere
through natural processes, this generally happens very slowly, with approximately 0.05 gigatons
of carbon enteringthe atmosphere peryear.  Since the start of the Industrial Revolution,
however, humanindustry has released carbon from Earth’s crust into the atmosphere much
more rapidly. Combustion of fossil fuels from humanindustry releases an additional 7.6 gigatons
of carbon per year. When fossil fuels combust, hydrocarbon moleculesinthe fossilfuelreact
with oxygen moleculesinthe air. One product of this reactionis carbon dioxide, which moves
intothe atmosphere. Making cementfrom limestonealso releases an additional 0.3 gigatons of
carbon peryear. In addition, humans have decreased the flow of carbon out of the atmosphere
though land-use changesin which they created citiesin places plants used tolive and through
deforestation. Intotal, human activity accounts for approximately 9.4 additional gigatons of
carbon beingaddedtothe atmosphere each year, and the flowsinto the atmosphere are not
balanced by natural flows out of the atmosphere. Thisincreasein atmosphericcarbon has
dramaticimpacts on Earth, such as climate change and ocean acidification.

Flows into and within the Ocean.

Atmosphere to Ocean. Carbon enters the ocean reservoirfrom the atmosphere by
absorption, where it dissolves because of diffusion (moving from places of higherto places of
lower concentration). The difference between the concentration of carbon dioxide in the ocean
and the atmosphere causes CO, to move rapidly between the twoin orderto equalize
concentrations. Once inthe ocean, CO, dissolves and forms carbonicacid and bicarbonate and
carbonate ions. This means that the concentration of CO, inthe ocean has decreased, so more
CO, diffusesinto the ocean, and the ocean absorbs more CO,.

This process is affected by watertemperature—colder waterabsorbs more CO,, warmer water
absorbsless. Anotherinfluence is surface winds; they agitate ocean surface waterand speed up
the process of absorption.

Organisms to the Ocean. Respiration by ocean organisms adds carbon dioxideto ocean
water, just as respiration by organisms onland adds CO, to the atmosphere. Similarly, waste
from ocean organisms and decomposition of dead organisms also adds carbon to ocean water.

Surface to Deep. Nearly all ocean organisms are found in shallow waters (down to 100
meters or 330 feet) where there is enough light to support photosynthesis for microscopic
organisms, such as phytoplankton. Itis here in the surface waterthat carbon is transferred
throughthe ocean food web. As ocean organisms release mucus, fecal matterand eventually
die, thereisa constantsinking (due to gravity) of carbon-based waste products and dead
organisms down tothe deep ocean. Ocean scientists call this falling material, detritus or “marine
snow” because it glows white in their deep-seasubmersible lights. As it sinks, much of the
detritusis eaten by otheranimals, dissolved in the ocean water, ordecomposed by bacteria, but
about 10% reachesthe deep ocean (100 gigatons peryear). Decomposersinthe cold, deep
ocean continue to slowly break down the detritus, releasing carbon dioxide gas and leaving
shellsand skeletons and other matterthat doesn’t decompose to become ocean sediments.

Deep to Surface. Upwellingisamechanisminwhich cold, deep ocean wateris brought
up to the oceansurface. Deep ocean wateris cold and contains the organic compounds and
nutrients fromall the dead and decomposed ocean organisms that have sunk due to gravity. Up
inthe surface sunlitzone, the nutrients, such as phosphates and nitrates, actas a super-rich
fertilizerfor phytoplankton and other plantlike organisms, and the entire food web bloomsina
dramaticfashion. These areas, where the deep ocean water comes to the surface constitute
aboutone percentof the surface of the ocean, yetthey account for 50 percent of the worldwide
fisheries catch! There is upwelling off the west coasts of North America, South America, Africa,
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and Australia, and off the coasts of Spain and Portugal and around Antarctica. Most of the areas
where upwelling occurs are on the west coasts of continents, because of the winds and currents
workingtogether, in combination with the rotation of Earth.

Flows into Organisms.

Atmosphere to Organisms (photosynthesis). Photosynthesis creates the largest single
flow of carbon on Earth. It is importantforcreatingthe oxygen we breathe andis the primary
source of food to sustain life on Earth. Photosynthesis is achemical process by which plants,
algae, and many types of bacteria use energy from the sunto convert CO, and waterto organic
compounds, especially sugars. Oxygenis released as a waste product. Photosynthesis happens
both on landand inthe ocean, andin fact, half of all photosynthesis on Earth happensin the
sunlitupperlayers of the ocean. Onland, plants can absorb CO, directly, butinthe ocean,
plantlike organisms (phytoplankton) use CO, that has been dissolved in seawater.

Many learners struggle with the ideathat gases are composed of matterand that these
gases can be converted to somethingsolid, such as cellulose, which forms roughly 33 percent of
all plant matter. Thisis likely because most gases are invisibleand don’t seem to have any
substance. It may also explain why some people assume that plants obtain material to grow
through theirroots from the soil, water, and minerals. Based on research about the
development of conceptual understandinginscience, itseems clearthatsimply learningabout
the equation for photosynthesis and reading aboutitdoes notensure that learners willfully
understand thisimportant concept.

Organisms to Organisms (animals eating). Organisms that cannot produce theirown
food must consume other organisms or parts of otherorganisms. Thisincludes all animals and
fungi and many bacteria. When an animal eats anotherorganism, carbonin that organism
movesinto the animal. Many organisms take in carbon from other organismsin ways that can’t
properly be called “eating,” either through decomposition of dead organisms or droppings, or
through parasitism.

Flows into Earth’s Crust.

Organisms to Earth’s Crust (plant and animal decomposition, sedimentation and
burial, deep ocean to sediments and sedimentary rocks). Carbon flows in this category can be
divided intothree main groups: those involving decomposition of living organisms, those
forming sediments and sedimentary rocks, and lastly, fossil fuel (coal, crude oil, or natural gas)
formation.

Decomposition and Sedimentary Rock Formation. Decompositionis the process by
which organicsubstances, such as animal droppings, dead organisms, or parts of organisms
(such as fallenleaves) are broken down into simpler forms of matter. Larger organisms, such as
earthworms, woodlice and maggots feed on dead matterand break it downintosmaller pieces.
Thisincreasesthe surface areafor the bacteriaand fungi, which cause decay at a microscopic
level. By breaking down complex carbon structuresin dead plants and animals and rebuilding
new ones or storing the carbon intheirown bodies, decomposers play animportantrolein
cycling nutrients. Not all of the products of decomposition, however, are used by these
organisms. Asan organism, or parts of an organism, decompose, significant quantities of carbon
enterthe soil. (Some carbon from decomposition on land also enters the atmosphere, and some
carbon from decompositioninthe ocean enters ocean water.) As soil orother sediments
(containing carbon from organisms or partially decomposed pieces of organisms) are buried
undersuccessive layers of sediment deposits, the sediments may be compressed and heated,
forming sedimentary rock. One exampleis limestone, which isformed when sediments
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composed largely of animal shells—calcium carbonate (CaCO;)—are heated and compressed.
Through further compression and heating, limestone can be converted into marble.

Carbon flows out of the ocean reservoirwhenitis converted into shells by ocean
organisms, and as shelled and non-shelled ocean organisms dieand decompose, they (including
the carbon intheirbodies), sink slowly to the bottom of the ocean. When this carbon reaches
the bottom of the ocean, it helps form sediments and eventually becomes sedimentary rock.

Fossil Fuel Formation (coal, crude oil, and natural gas). When dead organisms are
buried without decomposing, fossil fuels may form. The formation of fossil fuels requires very
specificconditions that are different foreach fuel type.

Coal isformed from plant matter. Normally, when aplant dies, it begins to decompose.
The plant matteris broken down by decomposers, such as bacteria, fungi, and microbes that
require oxygento survive. Through decomposition, carbon moves fromthe plant matterinto the
decomposer’'sbody, is released by the decomposeras CO,, or entersinto the soil. However, if
the plant matter isburied underlayers andlayers of sediment that do not have oxygen and thus
do not have decomposers, the carbon compoundsinthe plant are not broken down. Over
millions of years, increased temperatureand pressure may turn the plant matterinto coal. A
swampy, heavily vegetated environment is ideal for forming coal. Much of the coal we use today
was formed during the Carboniferous period, about 360—300 million yearsago when
environments such as this were widespread. Trees and other plant matterfell into pools where
they were quickly covered by mud. Overtime, the plant matter was heated and compressed as
more and more mud was deposited on top of it. As the material broke down, the composition
was altered and deposits became more and more carbon-rich as otherelements dispersed;
ultimately forming a coal deposit. Itis estimated thatit takes 10 feet of plant material to make 1
foot of coal deposits.

Crude oil formation begins with the accumulation and decay of dead organisms (animal
and photosyntheticorganisms) on the floor of the ocean or lakes. Similar to the process of
forming coal, the dead organicmaterial is covered with layer after layer of siltand mud, which
excludes decomposers that require oxygen. Over millions of years, increased temperature and
pressure may turn the matterinto oil. The heat and weight of these layers squeeze out the
waterand cause the stored energy (carbon compounds) in the organic material to break down
intoa liquid phase of carbon as crude oil. The siltand mud eventually compressinto rock leaving
the organic materials trapped between two layers of rock, which act like a cap or seal that
preventsthe oil from escaping to the surface. The reason that a lot of oil drilling occurs atseais
simply because the majority of Earth’s crust, in which the oil is located, is covered by the ocean.
Oil depositsthat are pumped from dry land today occur in places that were once covered with
waterwhenthe oil formed.

Natural gas is primarily (99%) methane. In watery environments on land and at the
bottom of the ocean, some dead organisms get buried ratherthan decomposing. Over millions
of yearsand underthe high pressures and temperatures underground, some of the buried
material becomes natural gas, and the rest becomes coal or crude oil. Natural gas formsin two
ways, mainly dependent on whether or not microorganisms are presentand the depth at which
the dead organisms are buried. At shallow depths, bacterial decay and growth of fungi and other
microorganisms break down the deposited material. A primary product of this metabolicactivity
in conditions without oxygenisthe release of methane gas.

At greater depths, microbial activity is diminished. Itis the increased temperatures and
pressuresthatdrive off waterand othervolatile materials and also break down the hydrocarbon
moleculesinto smaller molecules. In general more crude oil and coal than natural gas isformed
at low temperatures (shallower deposits) and more natural gas than crude oil and coal is formed
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at highertemperatures (deeperdeposits). Natural gasisless dense than crude oil and coal so it
risesto the top of crude oil and coal deposits.

Atmosphere to Earth's Crust (precipitation and weathering of rocks). As rainwater falls,
it dissolves small amounts of atmospheric carbon dioxide to form carbonicacid (H,COj3). This
weak acid can react with the chemicalsin rocks and break them down. In some rocks, this
weatheringcan ultimately cause the release of carbonate (CO;?’) into the waterways.
Weatheringinitiated by this weak carbonicacid accountsfor0.1 gigaton/year of carbon from
the atmosphere beingreleased into waterways.

Human Impacton the Carbon Cycle

Burning of Fossil Fuels. Some human-made processes transfer carbon from one
reservoirto another much fasterthan it would happen naturally, such as the burning of fossil
fuels. Naturally, carbon from fossil fuels that took millions of years to form would remain
sequestered foraround 100,000 years and be released by natural leakage and breakdown.
However, combustion of fossil fuels releases carbon into Earth’s atmosphere immediately,
which rapidlyincreases the amount of carbonin Earth’s atmosphere because it builds up there
fasterthan it can flow into otherreservoirs. The increase of carbonin the atmosphere is causing
anincrease in global average temperatures. Increasing temperatures cause the melting of
glaciersandsea ice, rising sealevel, changesinregionalclimates and patterns of ocean currents,
and can have large impacts on people and otherorganisms.

Deforestation. Each year, an area of rainforest almost the size of South Carolinais
destroyed. Rainforests absorb so much CO, fromthe atmosphere that the ongoing destruction
of rainforests by slashingand burningis now one the major causes of additional CO, in the
atmosphere. Recent studies show that deforestation accounts foraround 11.3 percent of
human-caused global emissions of CO,. Transportation accounts for 14.3 percent, industry
accounts for 14.7 percent, agriculture 14 percent, and electricity and heat accounts for 25
percent; see http://www.wri.org/chart/world-greenhouse-gas-emissions-2005. This increased
amountof CO,in the atmosphere includes the CO, thatis no longertakeninthrough
photosynthesis by the destroyed forests as well as the CO, produced from burning the forests.
Forests are destroyed in orderto provide room for growing crops or grazing livestock, make
room forhuman development, or produce paperand other wood products. Financial realities
make it highly unlikely that humans will be able to stop rainforest destruction altogether.
However, planting new treestoreplace felled ones and eliminating the practice of clear-cutting,
which destroys entire forest ecosystems are realisticand responsible ways of preventing the
damage currently caused by deforestation. Deforestation has particularly large impacts on the
tropics.

Ocean Acidification. As the ocean takesin more and more CO, from the atmosphere, it
isbecomingincreasingly acidic. Thisis because CO, dissolvingin water produces H,CO; (carbonic
acid), a weakacid. The problemisthatas the amount of CO, inthe atmosphere rises from
humanindustry, more isabsorbedintothe ocean andthe acidity of the waterrises more than
would naturally occur. The ocean has already taken in so much CO, overthe past 200 or so years
that ithas become about 30 percent more acidic(a -0.11 drop in average surface ocean pH).
When the ocean becomes more acidic, itis called ocean acidification. As of 2006, or the past 260
years, atmospheric CO, hasincreased by 36 percent. (http://www.epa.gov/climatechange/
science/recentac.html) The ocean has absorbed 25 percent of that CO,. One of the biggest
problems associated with ocean acidification is that as the ocean gets more acidic, it makes it
more difficult for some animalsto build their CaCO; (calcium carbonate) shells.
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The backgroundsectionis takenfrom Ocean Sciences Sequence: The Ocean—Atmosphere
Connection and Climate Change. Used by permission from the Regents of the University of
California. For more information and additional resources from this instructional material, see:
http://mare.lawrencehallofscience.org/curriculum/ocean-science-sequence/0ss68-overview.
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Carbon: why is everyone talking
about it?



Focus Questions

1. Which reservoirs increase?
Which decrease?

2. Which reservoir gained the most
atoms from different reservoirs?
(at end, has most clips in different
colors)

3. What happens to the total number
of carbon atoms on Earth?
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e GCarbon moves hetween reservoirs,
but the total amount of carbon on
Earth doesn't change.

e Human industry moves carhon
out of fossil fuel and limestone
reservoirs and into the atmosphere.
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Paper Clip Carbon Cycle Model #1

= Plants and
Photosynthetic Ocean
Organisms
(green paper dips)
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Atmosphere
(white paperclips)

Animals
(red paperclips)

and Limestone
(black paper clips)
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Paper Clip Carbon Cycle Model #2

= Plants and
Photosynthetic Ocean
Organisms
(green paper dips)
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Atmosphere
(white paperclips)

Animals
(red paperclips)

and Limestone
(black paper clips)

Fermissongranied 1o puxcheer 1o phatccopy ke cleamon we.
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Keeling Curve: CO, Levels
In the Atmosphere
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