DRAFT ACTIVITY FOR PLT SECONDARY MODULE: SOUTHERN FORESTS AND CLIMATE CHANGE

FOR MORE INFO, SEE: WWW.PINEMAP.ORG/EDUCATION/SECONDARY 


Counting the Carbon 

Students measure trees in their schoolyard or a nearby forest and calculate the amount of carbon stored in individual trees. Students then compare the carbon sequestration potential for land use types in their state, and put this in perspective by comparing it to the amount of carbon released by human activities.
	Subjects

Biology, Environmental Science, Algebra, Geometry, Mathematics
Concepts (from PLT Conceptual Framework)
3.1 In biological systems, energy flows and materials continually cycle in predictable and measurable patterns.

4.3 When the Earth is studied as an interacting ecological system, every action, regardless of its scale, affects the biosphere in some way.

5.4 Ecosystems change over time through patterns of growth and succession. They are also affected by other phenomena such as disease, insects, fire, weather, climate, and human intervention.
Skills

Identifying Relationships and Patterns, Calculating, Comparing and Contrasting, Measuring, Analyzing, and Inferring
Materials

For each group: 1 measuring tape (or string and ruler), protractor, straw, string, weight (something heavier than a paper clip, for example washers), meter tape, and masking tape. 

For each student: copies of student pages, scientific calculator, and colored pencils. 

Optional: DBH tape and clinometer.
Location and classroom

An area should be chosen with ample sized trees for measurement for the activity.  There should be enough standing trees to have the entire class measure different trees.
Time Considerations

Two 50-minute periods, plus homework
Related Activities in Other PLT Guides

Climate Change and Forests (Focus on Forests module); How Big is Your Tree (PreK-8 Guide)

Objectives

Students will calculate the amount of carbon stored in an individual urban tree and in one-acre of pine forest.

Students will calculate the amount of carbon sequestered by these different land uses in their state Students will compare the amount of carbon sequestered by different land uses:  national forest, crop land, urban forest, pine plantation forest, and grassland.
Students will describe one role forests play in mitigating climate change.

Assessment

Give students a scenario in which they are traveling on vacation with their family. Remind them that traveling by car, plane, or bus emits carbon. Explain that organizations exist that will plant trees to offset the carbon emissions from various activities. People and businesses calculate how much carbon dioxide they produce during a particular activity and then pay the organization to plant enough trees to offset those emissions so that the activity is carbon neutral.  Ask the students to write an essay/letter to their parents explaining the rationale behind planting trees to offset carbon emissions and why they would or would not suggest it for their vacation trip.


Background
(Needs expert review)

All plants and animals contain and use carbon to sustain life; this element is found in the carbohydrates, fats, nucleic acids, and proteins of every biological life form. Similar to how animals absorb carbon by eating food, trees and plants absorb carbon through photosynthesis.  During photosynthesis, trees use sunlight, water, and carbon dioxide (CO2) to produce sugar and oxygen. While some of the sugar is used during plant respiration, some is stored in the trunk, branches, and leaves as the tree grows. This stored carbon is removed or “sequestered” from the atmosphere. Carbon sequestration is the process by which atmospheric carbon dioxide is taken up by trees, grasses, and other plants through photosynthesis and stored as carbon in biomass (trunks, branches, leaves, and roots) and soils (USFS, 2012).  Carbon sequestration is also called Net Primary Productivity because it is the total amount of carbon that a tree absorbs minus the amount of carbon that is lost due to respiration. 
Because of their large size and lifespan, trees are the most dominant carbon-sequestering land plant. A tree’s stored carbon can remain in the living tree or in cut wood for many years. Eventually, the stored carbon returns to the atmosphere when the wood decomposes, but this process can take a long time due to the tree’s woody cells and tissues. For these reasons, forests store more carbon for longer time periods than other plants, such as corn or wheat. The amount of carbon that an individual tree can store depends on the species of the tree and its size.  Estimating carbon storage in trees and forests is a key part of understanding the global carbon cycle and for exploring strategies to address climate change. 

To calculate carbon storage, foresters and scientists first measure a tree’s height and diameter. Often measurements are taken for trees within a sample plot that is representative of the larger forest, and then use the average of these data to generalize to the larger forested area. Tree diameter can be calculated by measuring the tree’s circumference with a measuring tape and dividing this number by pi (π). Because diameter can vary with tree height, measurements are taken at a standard height--4.5 feet. This is called diameter at breast height, or DBH. The height of a tree can be measured in several ways; clinometers provide efficient, accurate measurements and are commonly used by foresters. Clinometers measure angles from the point where a person is standing to the top and the bottom of a tree. Through geometry and trigonometry, these angles and the distance to the tree are used to calculate tree height. Together, tree height and diameter are used to estimate the tree’s weight. The weight of a living tree is called the green weight and includes both the biomass of the tree and all the water in the tree. The dry weight is calculated by subtracting the water. In general, the amount of carbon stored in an individual tree is about half of the tree’s dry weight.
Knowing the amount of carbon that is stored in the tree’s leaves, wood, stem, and bark at a particular point in time allows us to calculate carbon sequestration, which is a measurement of how much carbon the tree absorbs over its lifetime. The graph below illustrates the difference between carbon storage and carbon sequestration.  
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From pine to hardwood forests, the southeastern United States supports many forest ecosystems that sequester carbon. One of the most abundant trees in this region is loblolly pine (Pinus taeda).  This species is often planted in privately-owned pine plantations due to its fast growth rate.  Almost all paper products produced in the South are made from loblolly pine trees. Shortleaf pine, longleaf pine, and slash pine also grow in planted or natural forests in this region.  In natural forests, such as those located in parks and other conserved lands, pines may be found growing with hardwood tree species.  These forests differ from plantations in that they are not managed as intensively, and the trees are usually not the same age. Natural forests can also be dominated by hardwood species, such as oak and magnolia, or by wetland species, such as cypress.  In addition to planted and natural forests, urban forests also sequester carbon. Urban trees have many benefits. For example, urban trees provide shade, habitat for wildlife, and beautify neighborhoods and cities. In urban areas, trees act to sequester carbon out of the air much like trees do in native forests and plantations; however they tend to not be as effective in doing so.  Because of their relative size to forests and their abundance, urban trees tend to sequester less carbon than native or planted forests.  
Aside from forestland, the southern United States contains thousands of acres of agricultural lands, some of which are major economic sources for the region6.  Similar to trees, agricultural plants and soils sequester carbon; however, these plants do not sequester as much carbon because of their short lifespan and lack of woody tissue. Agricultural lands in the South are used for cattle and other grazing animals, fruits, vegetables, peanuts, and cotton. Finally, the South contains small grassland areas, which also sequester some atmospheric carbon each year.  
Getting Ready

Make copies of the student pages (one per student). 
There are two options for how students can calculate the carbon content of a tree. 

Option A: Students will use a tape measure, a clinometer, and a formula to calculate carbon content.


Option B: Students will use a tape measure and a reference table to calculate carbon content.

Go to the US Census Bureau website (http://www.census.gov/popest/data/state/asrh/2011/index.html) to obtain the current population for your state.  

Go to the Project Learning Tree Module page and download the land use areas by state data.  The link is available here: INSERT LINK TO EXCEL DATA
Option A 

To make clinometers for measuring tree height, you will need 1 protractor, 1 straw, 2 pieces of tape, 1 weight, and 8 inches of string for each clinometer. Make one clinometer for each group of students. First, tape the straw to the flat edge of the protractor so that it runs from 0o to 180o. Next, tie one end of the string around the flat, ruler portion of the protractor at the center. On most protractors there should be a hole to mark the center; it is generally at the 3 inches point on the ruler. Tie the other end of the string to the weight. When you hold the protractor with the straw on top and with the straw parallel to the floor, the string should cross the degrees portion of the protractor at the 90o line. Refer to the diagram below to see what your clinometer should look like.
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Assess the trees around your school to find ones that are suitable for students to measure. The students should be able to get close enough to the tree to put measuring tape around its trunk and be able to stand far enough away to have a clear view of the top of the tree. Count the number of suitable trees. One tree could work, but one per group would be more interesting. Assigning several trees to each group would be even better, so they can practice and get better.  Divide the class into groups based on the number of trees you have available.  
Doing the Activity
Part 1 – Calculating the Amount of Carbon in a Tree 
1. Remind students that trees absorb carbon dioxide from the atmosphere during the process of photosynthesis. Some of this carbon dioxide is respired by the tree daily and goes back into the atmosphere as CO2 and some of the carbon is stored in its growing roots, trunk, branches, and leaves.  The process of photosynthesis enables a plant to remove or “sequester” carbon from the atmosphere. Explain to students that today they will investigate: How much carbon is stored in an individual tree? How much carbon can be removed or sequestered by a forest? How much carbon can be sequestered by other ecosystems? Why is this important?
2. Split the class into groups based on the number of suitable trees. Explain to students that to measure carbon, they have to first measure the tree. Each group will measure at least one tree and determine how much carbon is stored there. Give each member of the group a copy of the “Tree Data” student page to record the measurements. 
3. Walk students to the area you have selected, and assign each group to at least one tree.

4. Demonstrate for students how to take tree measurements.
a. Circumference (Options A and B): Students will measure the circumference of the tree trunk at approximately 4.5 feet from the ground. Explain DBH and why tree diameter measurements are taken at this height. One student should take the measuring tape (or string and a ruler if measuring tape is not available) and wrap it around the trunk approximately 4.5 feet above the ground; other group members should record this value on the “Tree Data” student page.
b. Height (Option A Only): Students will measure the height of the tree using the homemade clinometer. Explain how to use the clinometer and how these measurements can be used to calculate the height of the tree. Two students should walk away from the tree until they can easily see the top of the tree. Measure the distance from that point to the tree and record it on the “Tree Data” student page. Standing at that point, one student should hold look through the straw to the top of the tree from the 0o side of the protractor. Once that student says he or she can see the top of the tree, another student should read the angle off the protractor by noting the degree where the string crosses the protractor. This is the Top of Tree Angle Measurement on the “Tree Data” student page. Another pair of students should then repeat the process while looking at the base of the tree. This will be the Base of Tree Angle Measurement.
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5. Students continue to take measurements for their assigned trees.
6. Go back in the classroom and ask the students sit in their groups. Make sure that if only one student was recording data that all group members write down the measurements on their “Tree Data” student page.
7. Ask students to work together to complete the rest of the “Tree Data” student page. Students will need to use their calculators to complete the worksheet. You may need to remind them of the geometry that allows them to use the tangent of the angle to estimate the length of the far side of a right triangle.  Also, review the equation used to determine how much carbon is stored in the tree.
8. Lead a class discussion about the carbon storage results that students calculated. 

a. What was the most amount of carbon that was stored by a tree? Was it clearly the biggest tree? What was the least amount of carbon stored by a tree? 

b. Make a table on the board showing how much carbon was stored in the trees measured by each group. As a class, calculate the average amount of carbon stored by the sample of trees you measured. 

c. Discuss the formula the students used by asking:
i. Besides diameter, what other factors might influence how much carbon a tree can absorb? (Height, wood density, evergreen or deciduous.  Tree species and leaf area are often included in more complicated formulas.) Why are these factors not included in the formula?  (For our purposes, we do not need to be so specific. We are looking at an average tree.)
ii. For how long will the carbon in each of those trees be stored? (As long as the tree is alive. What is likely to kill trees in this area? Development? Road widening? Lightning? Old age?) 
iii. Where does the carbon go after it leaves the tree? (Some will decompose into the soil; some will move to the atmosphere; some will be eaten and become part of insect biodiversity.)
iv. How does carbon storage relate to growth? What does carbon content tell us about the age of the tree? (More carbon means an older tree.)
v. Does all of the carbon that is taken up by the tree end up in the tree as carbon storage?  If not, where does some of the carbon go? (Some of the carbon is released during respiration.  Total carbon uptake is not the same as Net Primary Productivity.)
Part 2 – Exploring Carbon in a Pine Plantation
1. Using the data presented on the “Carbon in Pines” student page, have the students use the same formulas they used in part 1 to calculate how much carbon is stored in a sample plot of a pine forest. 
2. Have the students discuss the amounts of carbon stored in the pine forest that they calculated.  Why might this amount be different from the amount in the urban trees?  (Pine forests are efficient at sequestering carbon, native environment, fast growth rate.)
3. Present the idea of carbon sequestration and how it differs from carbon storage.  Using the age of the sample forest, have the students calculate the sequestration rate for the pine forest.  What does this sequestration rate show? (How quickly the trees uptake carbon; how efficient they are at absorbing atmospheric carbon).

4. Are there any other land uses that can sequester carbon other than the urban trees they measured and the pine forest?  (Yes, crop land, grassland, and mixed hard and soft wood forests are other land use types that can sequester carbon).
5. For homework, assign the “Your Carbon Footprint” student page. Each student should come to class the next day with an estimate of the amount of pounds of carbon dioxide he/she emits in one year. 

Part 3 - Comparing Carbon in Different Landscapes 
1. Break the students up into groups of five students and have them discuss their responses to the homework assignment.  Have them discuss what types of questions they answered to determine their carbon footprint? 
2. Re-introduce the concept of carbon sequestration and how it differs from the idea of carbon storage.  Explain to students that they will be calculating the amount of carbon that can be sequestered by different land use types in their state, and then comparing the amount of carbon that can be sequestered to the average amount of carbon that is emitted by the population in their state. 
3. Give each student in the group a copy of the “Carbon in Different Landscapes” student page.  Also, give the students copies of the data that they will use in this part (Land use areas and sequestration rates located at: INSERT LINK TO EXCEL DATA; Current population for your state located at: http://www.census.gov/popest/data/state/asrh/2011/index.html) 
4. Explain that each group will use their worksheet to calculate how much carbon, on average, the land uses in their state sequester in one year. Before the groups begin working, ask students to predict which of the five land uses they think will store the most carbon. Why? What in each of the landscapes is sequestering carbon?
5. Once the groups are finished, lead a class discussion about different landscapes and carbon sequestration. 
a. Which landscape sequestered the most carbon? 

b. Why do they think that landscape sequestered the most carbon? 

c. Which land use types were able to sequester the carbon emitted within the state and which land use could not?

d. What are the implications of requiring land from another state to sequester the carbon from your state?  Is there equity issues associated with this?

e. What happens to the people that originally lived in the areas where there would need to be forest, or agriculture or grassland?  Is this idea of carbon sequestration within the state practical?

f. What other landscapes would they like to know about? 

g. Do they know that some people give money to organizations which plant trees to offset their carbon footprint? Do they think this is a good idea? Why or why not? 
Enrichment

Resources

"Forest Carbon Fact Sheet." Forest Inventory and Analysis National Program. USDA Forest Service, 20 Jan. 2011. Web. 24 May 2012. <http://www.fia.fs.fed.us/Forest%20Carbon/default.asp>.
"Major Crops Grown in the United States." Ag 101. United States Environmental Protection Agency, 30 May 2012. Web. 30 May 2012. <http://www.epa.gov/oecaagct/ag101/cropmajor.html>.

"Sequestration Rates in U.S. Forests, Urban Trees and Agricultural Soils." Carbon Sequestration in Agriculture and Forestry. United States Environmental Protection Agency, 22 June 2010. Web. 24 May 2012. <http://www.epa.gov/sequestration/sequestration_rates.html>.

"United States." Data. The World Bank. Web. 30 May 2012. <http://data.worldbank.org/country/united\
states>

West, Tristram O. "Net Carbon Sequestration in Agriculture: A National Assessment." 2002. TS. Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN.
Media Connections
For a more exact calculation of the carbon stored in the trees you measured, visit the U.S. Forest Service’s Urban Forests and Climate Change page, download the software, and enter your data. http://www.fs.fed.us/ccrc/topics/urban-forests/ctcc/
Tree Data
Name: 

Group Members:
Measuring the Tree
In the first part of this activity, you will measure the height and circumference of an individual tree at your school.  You will use the data to calculate the amount of carbon stored in the tree.
1. Use the table below to record the circumference, angle to top of the tree, the angle to the bottom of the tree and the distance from you to the tree in the columns with the data you collected from the tree.
	Tree
	C
Circumference (in)
	ϴ1

Angle to top of tree
	ϴ2

Angle to base of tree
	AB

Distance from person to tree (ft)

	1
	
	
	
	


2. Use the equation D = C ÷ π to calculate the diameter of the tree (where D = Diameter; C = Circumference; and π = 3.14). Use the table below to record tree diameter. 
	Tree
	Diameter (in)

	1
	


3. Next, use the diagram and equations below to calculate the height of each of your tree.  ϴ1 is the angle to the top of the tree. ϴ2 is the angle to the base of the tree.   AB is the distance between you and the tree.  Record the tree height in the table. 
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	Tree
	Tree Height (ft)

	1
	


Calculating Carbon Storage

· If you measured both tree height and circumference, complete Option A.

· If you measured only the tree’s circumference, complete Option B.

Option A
1. Calculating Green Weight (GW)
i. The green weight of a tree is an estimate of the weight of the tree when it is alive.  This weight includes all of the wood content and any water that is in the tree.  Because the water in the tree can be up to hundreds of gallons, the green weight can be quite large.  To find the green weight, insert the values you obtained for diameter and height into one of the two equations listed below1:
For a tree whose diameter > 11:


GW = 0.15 (d)2  ×  H

For a tree whose diameter < 11:

GW = 0.25 (d)2  ×  H



Green weight = ____________ lbs

2. Calculating Dry Weight (DW)

i. Because of the water content in trees, the weight of the tree varies based on green weight or dry weight.  Dry weight represents the weight of the wood in the tree if it was dried in an oven and all water was taken out.  Estimates of dry weight to green weight show a 50:50 ratio and so, to find the dry weight, multiply green weight (GW) by 50%.1
DW = GW  ×  0.5

Dry weight = ______________ lbs

3. Calculating Carbon Storage (C)

i. Carbon storage is the amount of carbon that is within the wood of the tree, negating other minerals and elements.  This is the total amount of carbon that is made during photosynthesis as well as the amount of carbon sequestered from CO2 by the tree.  Carbon storage is about half as much as the total dry weight of the wood since the wood contains other materials and elements than just carbon.  To find carbon storage, multiply dry weight (DW) by 50%.1

C = DW  ×  0.5


Carbon content = ___________ lbs

Option B 
1. The table below provides carbon content values for trees, based on their diameter value.  This table is specific to urban trees in a developed area.  Using the table below, match the diameter you measured for your tree with the diameter in the left column.  Find the carbon storage capacity of the tree.
	Diameter range (in)
	Per Tree Carbon Storage (lbs)

	0 - 3
	7

	3 -6
	41

	6 - 9
	127

	9 - 12
	296

	12 -15
	492

	15 - 18
	957

	18 - 21
	1331

	21- 24
	1637

	24 - 30
	3525

	30 - 33
	4482

	33 – 36+
	6908




Carbon content = ___________ lbs 

Carbon in Pines
The southern United States is home to many different species of pine trees, specifically: loblolly, slash, longleaf, and shortleaf pines. Pine forests are important for many reasons. They provide wildlife habitat, recreation, clean water, and as you have learned the trees store carbon as they grow. In the South, pine trees are commonly grown in plantations to provide wood products, such as timber and paper.

Foresters and scientists measure pine trees, similar to the way you measured a tree in your schoolyard. Using this information they can determine how much carbon is stored in a forest. Rather than measuring every tree in the forest, they measure a sample of trees and then use those numbers to estimate carbon storage for the entire forest. 

To estimate how much carbon typically exists in one acre of pine forest in the southern United States, you will use real data collected by high school students in recent field trip to a forest in North Central Florida.
In a recent study, students visited a pine forest and measured trees in a sample plot. In a 1/20th acre size plot, the students measured ten trees and found that the trees have an average diameter of 10 inches; they also found an average height of 105 feet. Because the trees in this area are generally the same species, age, and size, we can use their average data to estimate the amount of carbon contained within one acre of this forest.
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	Students measure tree height and diameter on a sample plot of loblolly pine trees in a forest in North Central Florida. 




Complete the calculations below, where d = diameter; H = height; GW = green weight; and DW = dry weight. 

For a tree whose diameter > 11:

GW = 0.15 (d)2  ×  H

For a tree whose diameter < 11:

GW = 0.25 (d)2  ×  H


Green weight = ____________ lbs C/tree
DW = GW  ×  0.5


Dry weight = ______________ lbs C/tree
C = DW  ×  0.5


Carbon content = ___________ lbs C/tree
Total carbon content of plot = carbon content lbs C/tree  ×  10


Total carbon content of plot = _____________ lbs C/20th acre

Total carbon content of 1 acre = total carbon in plot  ×  20 


Total carbon in 1 acre = ___________ lbs C/acre

This final number illustrates the total carbon stored in one acre of pine plantation where the students took measurements.  However, this is not the same as the amount of carbon that the trees sequestered in one year of growth.  Carbon sequestration is the net intake of carbon by the tree over a period of time.  In this case, the forest where students sampled is 25 years old.  Use the equation below to determine what rate carbon is sequestered by the forest annually.
Total carbon in 1 acre  ÷  25 years  =  Carbon sequestration rate lbs C/acre/year

Carbon sequestration rate = _________________ lbs C/acre/year
Your Carbon Footprint 

The carbon footprint of a person is the total amount of carbon emitted based on their daily actions and choices.  A carbon footprint is measured based on factors such as fossil fuel consumption, food consumption, good and services bought, as well as housing conditions.  The Nature Conservancy has an interactive site where you can answer questions to measure your own carbon footprint.  This website allows you to see how much carbon you emit per year measured as pounds of CO2.  Follow the outline below in order to obtain your own personal footprint8.

1. Go to the website http://www.nature.org/greenliving/carboncalculator/index.htm.  

2. Read the directions and select “For Me Only” because we are only interested in your emissions personally.  The site will then continue on to the quiz where you will answer basic background questions as well as questions regarding household vehicles, home energy and waste disposal.  Answer the questions based on your personal lifestyle.

3. The second part of the quiz estimates your carbon output associated with home energy usage.  In the US, the most abundant source of CO2 is from energy generation.  This part of the quiz measures how much CO2 you emit as a result of using electricity and heat.  Answer the information as accurately as possible.

4. The third part of the quiz is a questionnaire based on your fossil fuel consumption associated with driving and travel.  

5. The fourth part of the quiz evaluates how your choice of food and your diet affects your carbon emissions.  Depending on the type of food, the amount of meat as well as where you buy your food, your emissions will vary by your answer.

6. The final part of the quiz evaluates your level of waste and the impact that recycling has on it.  If you recycle on a regular basis, your carbon estimate will be smaller.  This is because as you recycle, less carbon is emitted to produce materials from new feedstock.

7. Upon completing the quiz, the results will display how much CO2 you produce yearly as a result of your choices.  It will also compare this to the national average as well as provides options for you to decrease your carbon emissions.

8. Record your results: ___________________ pounds of CO2 per year. 

9. Are the results surprising to you?  Why or why not?

10. What do you think was variable that impacted this result the most? 

Carbon in Different Landscapes

Using the data from your group members from the homework, find the average carbon emissions from your group in pounds of CO2.
__________________

Average of group (lbs)

1. Because most sequestration rates are calculated in terms of carbon and not in carbon dioxide, convert your emissions of pounds of CO2 to pounds of carbon.

_____________________    ×  0.2727  =   ____________________

Your emissions of CO2 (lbs)                          your emissions of C (lbs)
2. If everyone in your state acted the way you do, find the total emissions for your state.  To do this, take your average carbon emissions and multiply by the population of that state.  Your teacher will give you this information.
___________________    ×   ____________   =   _____________________________

Your emissions of C (lbs)        the population       Total C emissions of population (lbs)
Since there are multiple land uses that can sequester carbon, you will determine the relative abilities of each of these land uses in carbon sequestration: pine forest, mixed forest, cropland, grassland, and urban forest.  Complete the chart below, using the acreage provided by your teacher. 
	Land Use Type
	Area in State (acres)
	Multiply
	Carbon Sequestration Rate

(lbs C/acre/year)
	Equals
	Amount of Carbon Sequestered per year

(lbs)

	Pine Forest3
	
	×
	5,442
	=
	

	Mixed Forest2
	
	×
	4,220
	=
	

	Urban Forest7
	
	×
	714
	=
	

	Cropland4
	
	×
	1,347
	=
	

	Grassland5
	
	×
	892
	=
	


3. Total the amount of carbon that is sequestered by your state’s land uses by adding the total carbon sequestered from the last column in the table.

___________________________

Total C (lbs) sequestered in state

4. Is there a deficit in carbon sequestration in your state?  To find out if your state has the ability to sequester all of the carbon that it on average emits, subtract the total carbon sequestered in step 4 from the total carbon emitted by the population in step 3.
___________________________    –  ___________________     =    ________________________

Total C emissions of population (lbs)   Total C sequestered (lbs)       Amount not sequestered (lbs)


5. If your answer to step 5 is negative, that means that your state is not in a deficit and that on average the state has the ability to sequester all of the carbon that it emits.  What factors might make a state able to sequester the carbon emitted by the population?
6. If your state is in a deficit and cannot sequester the total carbon emitted, what solutions might exist to make the state able to sequester all of the emitted carbon?

7. If your state is in a deficit and any neighboring states are not, can your state rely on the land uses of the other state to sequester the carbon from your state?  Is this fair to the population of the other state to be responsible for your carbon emissions?
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