TOWNGREEN»2025

Middle School Climate-Change Curriculum

Lesson 5

Carbon Cycles through Ecosystems

Unit Title: Carbon Cycles through Ecosystems

Theme: Ecosystems & Cycles Grade Level: 7 CC

# of sessions for the unit: 2 Session #5: How can we model the Climate
density of land and atmospheric Change
carbon? Curriculum

Date created: Summer 2017 Author: B. Allia, C. McWilliams

Unit Description

Focusing on systems and cycles, students use their understanding of climate-change and how carbon and thermal
energy interact with Earth’s land and atmosphere. Students practice skills such as argumentation and collecting
and analyzing data. Students gain experience with the interactions of humans and Earth processes with ecosystem
dynamics, and with developing solutions to complex climate-change issues. The lessons generally follow this order:

« Introduce unit and culminating event: cli- « sample atmospheric carbon-store
mate-change’s effect upon fauna » analyze land and atmospheric carbon-stores

« analyze global temperature and carbon dioxide « understand the carbon cycle, pre-human and
trends human era

« understand personal climate-change experiences, o describe personal experiences with solid forms of
such as weather, matter and energy uses carbon changing into atmospheric carbon

o collect wetland and upland forest soil car- « develop and present solutions to save a fauna from
bon-stores climate-change issues

Standard(s)

Based upon the 2016 MA Science & Technology/Engineering Curriculum Framework
MA LS2 Ecosystems: Interactions, Energy, and Dynamics

MA 7.MS-LS2-3 Develop a model to demonstrate how matter and energy are transferred among living and
nonliving parts of an ecosystem and that both matter and energy are conserved through these processes

Unit Goals

1. Create an action plan to decrease carbon in the atmosphere, increase carbon stored by the land, and
preserve natural carbon-stores in the ground

2. Build background knowledge of how carbon cycles within a local ecosystem

W

Understand relevant climate-change issues in order to make informed decisions

4. Identify authentic scientific processes, such as sampling, gathering, and analyzing land and atmospheric
carbon-content data, in order to validate evidence regarding climate-change
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Unit Objectives

[l students will be able to

understand that:

1.
2.
3.
4.
5.

Carbon cycles through the atmosphere and land
Human activities increases atmospheric carbon by burning fossil fuel
Atmospheric carbon is a “greenhouse gas”

Greenhouse gases increase global temperatures
Wetlands and uplands store different amounts of carbon above and below ground

and to:

1.
2.

Sample, collect, and analyze primary-source data
Collect and analyze secondary data as a means to validate causes of climate-change

Lesson Objectives

[l students will

1.

i p N

demonstrate that carbon cycles through the atmosphere and land
provide examples of where human activities increases atmospheric carbon by burning fossil fuel

illustrate that wetlands and uplands store different amounts of carbon above and below ground
analyze the amount of carbon in forest and wetland (above and below ground)

analyze amount of atmospheric carbon caused by the burning of fossil fuels

Note any potential barriers to the lesson — consider variability

. Math-graphing barriers
« The handout provides visual scaffolding between the graph and its interpretation

Evaluation/Assessment
(directly linked to the goals, i.e., Formative/Ongoing Assessment or Summative/End of Lesson Assessment)

[l Formative Assessment

Accuracy of Density Dot Diagram

A. Reasonable carbon-dot ratio
B. Equal spacing between dots, showing understanding of the density unit-rate formula

mass/volume (rise/run)

2. Aesthetics and Organization of Density Dot Diagram

A. Neatness
B. Captions/sketching within the diagram is neat and relevant
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3. Completeness of Diagram
A. Dots labeled as carbon within each soil type
B. Sample location & date

C. Diagram’s completion visually depicts the different carbon content

B vocabulary

« Density » Fossil fuel

o Unit-rate formula « Biomass

« Carbon dioxide « Carbon content
 Atmospheric carbon « Biomass

» Wetlands « Organic

« Upland forest

[l Differentiated Vocabulary Ideas

» word wall « content vocabulary roundtable
« word splash o flashcards
« common prefixes and suffixes

NOTE: Consider the UDL Guidelines in selecting methods and materials to ensure that you provide options for engagement,
representation, and action and expression.

Methods

(e.g., Anticipatory Set, Introduce and Model New Knowledge, Provide Guided Practice, Provide
Independent Practice)

1. Analyze data to support that carbon cycles through the atmosphere and land

A. Review Atmospheric-Carbon CO, graph, emphasizing difference between carbon density in air before
and after burning fossil-fuel

B. Students analyze their primary-source carbon data

C. Students write a caption on their density-dot diagram handout, to illustrate that burning gasoline
(chemical change) cycles carbon from the land into the atmosphere

2. Provide examples of how human activities increases atmospheric carbon by burning fossil fuel

A. While students draw their density-dot diagrams, discuss examples of how people increase atmospheric
carbon

B. Write down these examples and post in the classroom
3. Illustrate that wetlands and uplands store different amounts of carbon above and below ground
A. When students convert data from a graph into a density-dot diagram, they analyze the different storage
capacities above and below ground ofwetlands and upland forests (Visual Scaffolding)
B. Students analyze their primary-source carbon data

C. See Density-Dot Diagram handout below — Land-Based Carbon is on one side, while Atmospheric
Carbon is on the other side

1. Students decide how many carbon “dots” to assign to Wetlands above ground and Wetlands below
ground, on a general-proportionate basis. For example, the Wetlands has an approximate 0.5:3 ratio -
perhaps students choose 5 Above Ground carbon dots and 30 Below Ground carbon dots.

2. Emphasize equal spacing between carbon dots, since the diagram visualizes the density unit-rate
formula kilograms/meter
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3. Encourage students to use “compactness,” “squished,” or “spread-out” as density descriptors as they

internalize the difference between carbon-compactness above and below the ground

4. Tllustrate amount of atmospheric carbon caused by burning fossil fuel

A.

3.

When students illustrate data from the graph in a density-dot diagram, they analyze the large amount of
carbon that transfers into the atmosphere when humans burn fossil fuel (Visual Scaffolding)

Students analyze their primary-source atmospheric-carbon data

. See Density-Dot Diagram handout below — Land-Based Carbon is on one side, with Atmospheric

Carbon on the other side

Students decide how many carbon “dots” to assign to Atmospheric Carbon, based on a general-
proportionate basis. Because the ratio is too large and cumbersome to reflect accurately, students should
focus on exaggerating just a few control carbon dots to crowded fossil-fuel carbon dots.

Emphasize equal spacing between carbon dots, since the diagram visualizes the density unit-rate
formula carbon-dioxide parts/million

Encourage students to talk about “compactness,” “squished,” or “spread-out” density descriptors as they
internalize the difference between the control sample and the human-made fossil-fuel sample

5. Homework

A. Text Passage Peer - Response

1.

o uhwnN

Students read the Reforest the Tropics (RTT) July 2017 newsletter while completing the top 4 boxes
labeled “reader”

Next day in class, students switch papers with another student
2nd student completes the bottom 4 boxes labeled “responder,” while reviewing the article

Next day in class, the reposder returns the paper to the first student to read the response
Students ask teachers unanswered questions from the reader

This graphic organizer is also included in Materials in Google Doc format

B. The teacher chooses a relevant current-events article about climate-change

1.

2.

This suggested article is from Reforest the Tropics July 2017 newsletter, regarding carbon sequestration
This article is also included in Materials in Google Doc format
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3. The teacher can select different articles for students at different reading levels; the teacher can also
provide audio-recordings of the articles

Text Passage Peer/Response Deatter - pleais tomplete 1Nk om thaet
Carbon Cycles through Ecosystems
Faarra Bl Date
| Facts
List 3 inberesting facts o o youl Toel a5 you resd this?
i Wiiak masche you feal This way®
L
F
2
5
3
Setlicns Horw this sppiies bo your le?
List 3 cosbationns youi Pavie about the neading List 3 conrspctions That you hougin about
1 i
2 Z
3 I
D brniler - plidie COMEIEE IR b R
Faarre [T ate
Facts Feeliags
List 3 inbargdting Tacti v g wou Toel 08 yom robd This?
N Winal made you leel This way™
1
2
Z
3
I
] Herw this spplies to your Bt
List 3 capificns you Fave about the reading Ling 3 connechions that you Thought sbout
L L
2 2
3 3
TewRGRTTNIZ0IS

Name Block: O3t
Wetlands Carbon Upland Forest Carbon
Above and Below Ground Above and Below Ground
Erosreee pen, - | — — Y p—
SAtEGE—— et cans
Wethnd Cubon ASOVE Ground Wathunds Carbon SELOW Ground | Forest Carbon ABOVE Geound Forest Carbon SELOW Ground
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~arbon Data Density Dot-Di

Atmospheric Carbon
Carbon Gas CO, in the Air
Pecple increase atmasphenic carbon when we burn fossi fusl

e s aiin [5ee

Carbon in our Control Ar Sample as CO, Carbon Car Exhaust as CO,

Materials

1. Teacher photocopies and distributes the density dot worksheet to students

2. Students keep their density-dot diagram posters in their science binder, to refer to as unit progresses
3. Homework resource: Text Passage Peer — Response graphic organizer in Google doc format below
4.

Homework resource: Reforesting the Tropics reading passage (July 2017 newsletter) included below (teacher
might choose different articles, based on reading variability)
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Text Passage Peer/Response

Reader - please complete this top chart

Carbon Cycles through Ecosystems

Name:

Block: Date:

Facts

Feelings

List 3 interesting facts

How did you feel as you read this?
What made you feel this way?

1.
1.
2.
2.
3.
3.
Questions How this applies to your life?

List 3 questions you have about the reading

List 3 connections that you thought about

1. 1.
2. 2.
3. 3.
Responder - please complete this top chart
Name: Block: Date:
Facts Feelings

List 3 interesting facts

How did you feel as you read this?
What made you feel this way?

1.
1.
2.
2.
3.
3.
Questions How this applies to your life?

List 3 questions you have about the reading

List 3 connections that you thought about

1. 1.
2. 2.
3. 3.
T@WN G R EE N }2025 Middle School Climate-Change Curriculum , Lesson 5, Carbon Cycles through Ecosystems 7of 10

Creating a Carbon Neutral Community

Based on CAST©2013 lesson plan form, revised by Grace Meo 6/2017



¢ "B.-“J‘

Reforest The Tmmcs

July, 2017

Reforest The Tropikos s an United Natioos approved, noa profit organkation
dedicated w environmental education and the capoare and permanent storage
of global carbon dioxide emissions in tropical farm forosts

Imprressive Carbon Capiture Verified

For decades, Refoness The Tropics has Deen medsuriog the
produceiviey of ks fores planacions. bn June 2017, for te
fiese dse. RTT conraceed wikh an accredied chisd pary,
EARTH Univendey . 0 verify ks carbon clalens aader die
Proeocoss estabilshedd DY the nerminiondl Ongantz aon of
Seasxiands.

The restties 20 Bncdaaic oews for RTT and asvone wih an
ineerest bn global sisezinabliley . Verifiod foress are aver:
aging 25.66 maric 1ons (MT) of CO2e Caprure per
heCrare, per yoar! To help pue this Ine0 penpective, mose
Iheraure on gopical feforesadon demsonsataes Carbon
Capemre of 10-15 MT of CO2e capeure ander Svorable cond-
dons. In other words, RTT b cssenclally doubiing che carbon
Capachy of Curmens. suCORssfl reforessaon Projeces.

Mensurements of a Klinkii tree are being taken
Jor the carbom verification process.

One of RTT s oagstanding reseanch godls Wis 0 design
2 mbuedspecios forese thae Can CIpeure and se0fe 20 Iverage
Of 2t Jease 20 MT of CO2e per hecate, pet year. Ineernally,
We recogntneed this GIPRt Wik Jabiious. MOWeVer we have
mainezined e Dellef dhae lofry goals are fundamenead o
fufilimens Of our mbsslon of making 3 cangible Comnbucion
0 global seainabiliey. " Noe only have we naee this objecuive,
Dl We are exceeding b
The ameriog Cubon Capoure of RTT foreses bs oaly par of
the seofy however Two addithonal pleces dbscinguish che
RTT approach:
D RTTs mbxedspecios foreses are more beneficial wo the
Divene than ebiguous single species monocukures, and
2) RTT foreses are designed w0 geaerase perpenml income,
Which ows parusering Badow 2ers 10 parddpase in dwe
project over the long wrm.
Fwenchiilly. RTT bk planting some of the workds mose produc-
tve foreses s dolag 0 In more environmenaally beneficial
mannet dian o pical reforeseacion models. _and ks working o
cosure dwy will remain seanding indeflahely.

RTT b 10o0used On foresary rmeseanch foF sy yean
Dowens of differens plancing saerices 2o msbx tares of
species have Deen lav esaigmed In order w (discover the
Opcimsal design w0 achieve RKTT s three rescarch goals

1) Sequeseer S00 MT CO2e over dhwe Inlekal 2Syear

COmrace period,

) Generawe $500 Income for the landow ner per heceane

per year, and

3) Creace 2 "permanent’ (read 100+ year) fanm fofese.
The verficadion process cerdfied carbon from 8 different
Gesigns. The most Proauceive fofess Was aDie w0 Capoure a
phencmenal 34.21 MT CO2e per heceare per year for e
Mohegan Sun Caslno. Conversely, the keass producuve
G cheved 3 respecaable uomrnup«mm
per year This design Is notewortyy, however Decase one
Of the species ln this mdx are succumbed 10 3 Alseane 2l
had to be removed. Desplee the cllmbnation of hundrods of
wees, the S-year okl fores: is sdil produceive and will ooly
lmprove in ternes of Crboa Capeure 2s kk masures. This
exampie highiighes the nporance of RTT's mived species
onbhodox y and offers 3 falr wamning «0 advocaces of 2
monoculaure 2pproach. Fanhermore, If we ressove tails
Otxiler froen OUr analy sés. verificaion resuies show thae

We thank you fof your

SEPPO 28 We spread
the word

Greg Powell
Exvecurtve Divecreor,
Reforest The Yropicx

Carbon verification team [from
EARTH University joins RTT
staff and farm personnel to

conduct their field work.
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https://climate.nasa.gov/climate_resources/24/

Source: Global Climate-change website

*— current level

Ancient air bubbles trapped in ice enable us to step back in time and see what Earth’s atmosphere, and climate,
were like in the distant past. They tell us that levels of carbon dioxide (CO,) in the atmosphere are higher than
they have been at any time in the past 400,000 years. During ice ages, CO, levels were around 200 parts per
million (ppm), and during the warmer interglacial periods, they hovered around 280 ppm (see fluctuations in
the graph). In 2013, CO, levels surpassed 400 ppm for the first time in recorded history. This recent relentless
rise in CO, shows a remarkably constant relationship with fossil-fuel burning, and can be well accounted for
based on the simple premise that about 60 percent of fossil-fuel emissions stay in the air.
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