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Sample Site Biomass Field Data Analysis - Trees
Purpose

· To provide students with an opportunity to explore the essential aspects of their field measurements.  
· In order to develop an understanding of the carbon storage within a field plot, students will analyze their tree biomass data and will consider how this data relates to local carbon cycle.   
Overview

Students will work with a partner or small group and will explore the field data as analyzed and synthesized by the teacher-prepared spreadsheet, Sample Site Biomass Analysis.  Students will consider a variety of questions that directly address the calculations in the spreadsheet and will discuss how these findings relate to further explorations of the local carbon cycle.  Finally, students will engage some culminating questions that address the field unit’s major concepts, including the calculation of how much carbon is stored in the forested area of the schoolyard.
Essential Questions

How much carbon is stored in the forested area of the schoolyard? 

How does your field plot relate to our study of the global carbon cycle?

Student Outcomes
· Students will examine their field data and how it was used to calculate sample site biomass and carbon storage
· Students will work with a partner or small group to answer a variety of application type questions that address the field data analysis
· Students will communicate their understanding of the field data analysis in a class discussion
· Students will calculate how much carbon is stored in the forested area of the schoolyard

· Students will write a response to and will be able to discuss the implications of the essential question:  How does your field plot relate to our study of the global carbon cycle?
Science Concepts

· Converting values
· The relationship between tree circumference, diameter, biomass, and carbon storage
· Global carbon cycle and its terrestrial component

Time
120-150 minutes

Level

High School

Materials and Tools
· Computers loaded with Microsoft Excel (or other spreadsheet program) for each partner or group

· Computer version of the Sample Site Biomass Analysis spreadsheet filled in with class field data
· Copies of Jenkins et al. 2003 "National Scale Biomass Estimators for United States Tree Species", Forest Science 49:12-35 [OPTIONAL]
· LCD projector

· Copies of Field Biomass Analysis Questions 
· Copies of Field Unit Assessment 
Preparation

1. Gather all materials.  

2. Write essential question somewhere visible in the classroom.  

3. Copy the “Species Group” and “Circumference” columns from Trees_dataentry.xls into SampleSiteBiomassAnalysis.xls.

4. Use the Instructions tab to explore the spreadsheet in the same way that students will.
NOTES: As mentioned in the Not A Llama Tree activity, allometric equations for trees use log functions.  If you want your students to better understand how log functions work this may be a great opportunity to collaborate with a math teacher.

Pre-requisites

Familiarity with use of Excel spreadsheets is essential.  An understanding of the following concepts is also required:  how carbon is stored in trees, primary factors that limit tree growth and carbon uptake, why and how circumference/DBH is measured, the units of biomass, and how biomass is calculated from DBH using allometry. (Concepts addressed in GLOBE Carbon Cycle activities: How To Measure Trees, Biomass Units, Not A Llama Tree.)  Completion of field data collection and entry, see Field Work Manual. 
Background

Scientists use electronic spreadsheets, such as Microsoft Excel, in many fields of study.  In general, the purpose of spreadsheets is to help improve the scientists’ understanding of the data and to allow for an in-depth exploratory analysis.  In addition, scientists can use spreadsheets in order to produce a variety of graphs to further analyze compiled and raw data. 
This kind of analysis allows scientists to develop an understanding of their data, as well as further the development of additional research questions.  As this lesson is taught it may be helpful to emphasize the inquiry cycle. 

For scientific background of the concepts addressed in this activity see the introductory lessons: How To Measure Trees, BiomassUnits and Not A Llama Tree.
What To Do and How To Do It

Engage 
Part A  (10 minutes) Small Groups
· Using field investigation data sheets and all handouts concerning tree circumference, biomass, allometry, fieldwork, and the schoolyard have students consider the essential question as written on the board:  How does your field plot relate to our study of the global carbon cycle?  
· Ask students to list the kind of calculations (in general) that they will need to do in order to answer this essential question.  For example, students should identify that tree circumference will have to be converted to tree biomass using appropriate allometric equations.  Students should list ideas using a flow chart or rough procedure, and record their questions in their science notebook.  

Part B (15 minutes) Whole Class 
· Students share their ideas and questions.  During this whole class discussion, review the following concepts:  how carbon is stored in trees, primary factors that limit tree growth and carbon uptake, why and how circumference/DBH is measured, the units of biomass, and how biomass is calculated from DBH using allometry.  (15 minutes)
Explore (35 minutes) Small Groups/Partners
· Students use the Instructions tab to explore the Sample Site Biomass Analysis spreadsheet.  (Point out additional tabs along the bottom of the sheet if students are unfamiliar with this Excel feature.)
· Students use the Field Biomass Analysis questions to become familiar with the spreadsheet and outcomes of the data analyses.  
· NOTE: The questions are fairly basic, but this is a great opportunity to get students thinking about what they have learned and what it means.  Encourage students to use graphs/figures to display their data in a meaningful way.  These questions also prepare students to answer the essential questions.  
Explain (10 minutes) Whole Class
· Discuss student responses to the initial questions, using the white board to document the range of student responses and to clarify concepts and skills. 

· Suggestion: have a few “math minded” students present their methods for making calculations and conversions. 
Elaborate/Investigate  (30-45 minutes) Individuals
· Students use their notebook to respond to the Field Biomass Analysis Wrap-Up (including the essential question).  
Evaluate/Wrap-Up (15 minutes) Small Groups/Whole Class
· Discuss student responses.  
· Be sure to address the essential question specifically to make sure students understand how their local research connects to the bigger picture.
Assessment
· Field Unit Assessment (homework, formal assessment, use questions to create a display to be put up somewhere in the school)
Extensions
· Make up a new scenario in which you change the forested area and determine the carbon storage of that area based on the field data results.  For example, estimate how much carbon would be stored if the entire schoolyard were forested with approximately the same tree species composition.    

· Emphasize the inquiry cycle, and to encourage students to develop their own researchable question based on the field plot data and calculations available through the Excel spreadsheet.  Offer students a time to pursue their question, providing access to additional resources, including the library and internet.
· Work with the NPP-Biomass Model to estimate biomass and carbon storage for your location.  How do model results compare to field results?
Adaptations
· If you do not have access to a forest plot, then it is possible to contact the GLOBE Carbon Cycle group for a data set that can be used in this exercise. 
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Field Biomass Analysis Questions
Understanding the data

Using the tree biomass data and graphs in PlotBiomassAnalysis.xls explore and compare tree biomass components (foliage, branch, stem) for all trees on your plot.  Consider several ways of looking at the data (e.g. biomass totals, biomass by percent, carbon storage by species group).  Start by reading the instructions tab, and then inspect each additional tab before answering the questions below.  You will need to continually refer back to your Excel PlotBiomassAnalysis worksheets while answering these data analysis questions. Your previous class notes and homework assignments may also be helpful in understanding the data.  

1. Scroll down to the bottom of the BiomassCalculations tab and record plot summary data.  Remember to include units.

	Total Plot Biomass
	Biomass per area
	Carbon Storage per area

	
	
	


2. In order to compare your data to data collected by others the calculation of plot biomass must be converted to biomass per meter squared. Determine the calculation(s) used to convert biomass to g/m2.

3. Describe or show the calculations for the relationship between biomass and carbon storage.

4. Define allometry.  Explain how allometry was used to calculate forest biomass. 

5. How does the size of each biomass component (stem, foliage, branches) change, as DBH gets larger?  Explain why this might be the case?

6. What is the circumference of the largest tree? 

a. How much does it weigh? 
b. How much carbon is that? 

7. For the same diameter tree is there more total biomass in evergreen or deciduous trees?  Will this always be the case?

8. Do the biomass components in evergreen and deciduous trees change in the same way as DBH increases?

9. For your plot compare carbon storage by the different species groups.  Which species groups have greater carbon storage and why?

10. Are there other things you notice about the data?  What do you find interesting?  What questions do you have about the data?  Be thoughtful.

******************************************************************************

Field Wrap-Up

Using your science journal respond to the following questions:
1. Explain how your calculated carbon storage (g C/m2) compares to the estimate of carbon storage you made using the Global Biomass Table.  
2. Scaling carbon storage from the sample site to the entire schoolyard.  Calculate how much carbon is stored in the forested area around your schoolyard?  (Show your work and be sure to include units.)
3. How might we use these data to make further explorations of the local carbon cycle? 

4. Essential Question:  How does your field plot relate to our study of the global carbon cycle?
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Field Biomass Analysis Questions
Understanding the data

Using the tree biomass data and graphs in PlotBiomassAnalysis.xls explore and compare tree biomass components (foliage, branch, stem) for all trees on your plot.  Consider several ways of looking at the data (e.g. biomass totals, biomass by percent, carbon storage by species group).  Start by reading the instructions tab, and then inspect each additional tab before answering the questions below.  You will need to continually refer back to your Excel PlotBiomassAnalysis worksheets while answering these data analysis questions. Your previous class notes and homework assignments may also be helpful in understanding the data.  

1. Scroll down to the bottom of the BiomassCalculations tab and record plot summary data.  Remember to include units.

	Total Plot Biomass
	Biomass per area
	Carbon Storage per area

	
	
	


2. In order to compare your data to data collected by others the calculation of plot biomass must be converted to biomass per meter squared. Determine the calculation(s) used to convert biomass to g/m2.


Kg/plot x 1000g/kg ÷ area of plot in m2
Remember by clicking on the cells you will see the formula appear in the formula bar at the top of the page.  If students are having trouble suggest they use the formula bar to help them.
3. Describe or show the calculations for the relationship between biomass and carbon storage.


Biomass (g/m2) x 45% = Carbon storage (gC/m2)
4. Define allometry.  Explain how allometry was used to calculate forest biomass. 

Allometry is the study of an organism’s parts in relation to its whole.  We used allometric equations for different species groups to relate an individual tree’s circumference (DBH) to its biomass.
5. What is the circumference of the largest tree?  Depends on the field data
a. How much does it weigh? Total biomass of the largest tree.
b. How much carbon is that? 45% x biomass.
6. How does the size of each biomass component (stem, foliage, branches) change, as DBH gets larger?  Explain why this might be the case?

Within each species group, the size of all biomass components increases as DBH gets larger.  However the DBH/biomass relationship differs between species groups so students should always indicate which species group they are discussing.

7. For the same diameter tree is there more total biomass in evergreen or deciduous trees?  Will this always be the case?

This answer will depend on the species groups present on your plot.  You may direct students to the DBH vs. Predicted Biomass graph by Jenkins et al. (SampleSiteBiomassAnalysis.xls file---SpeciesGroupAllometry tab) to help them answer this question.
8. Do the biomass components in evergreen and deciduous trees change in the same way as DBH increases?

This answer will depend on the species groups present on your plot.  If students are having trouble remind them they can use graphs of the data to help answer these questions.

9. For your plot compare carbon storage by the different species groups.  Which species groups have greater carbon storage and why?

Have students look at the biomass summary table by species group.  They should remember that biomass and carbon storage are directly related and therefore species groups with higher biomass will have greater carbon storage.
10. Are there other things you notice about the data?  What do you find interesting?  What questions do you have about the data?  Be thoughtful.
******************************************************************************

Field Wrap-Up

1. Explain how your calculated carbon storage (g C/m2) compares to the estimate of carbon storage you made using the Global Biomass Table.  
2. Scaling carbon storage from a field plot to the entire schoolyard.  Calculate how much carbon is stored in the forested area around your schoolyard?  (Show your work and be sure to include units.)

Carbon storage gC/m2 x total forested area of schoolyard (m2) = Total Carbon Storage
3. How might we use these data to make further explorations of the local carbon cycle? 

a. Compare data to:  classroom biomass activity (BiomassUnits), biomass for global biomes, data from other plots or classes at the same school, data collected by different schools (GLOBE database).

b. Use data to run and understand the Biomass Models.

c. Use data from previous collection years on the same plot to understand biomass change over time.  The difference between year 2 and year 1 is growth over that year (carbon flux into the forest).  
4. Essential Question:  How does your field plot relate to our study of the global carbon cycle?

a. Forest carbon storage is one pool in the global carbon cycle.  Photosynthesis and respiration move carbon between the plant pool and the atmosphere.  Trees store a large amount of carbon because they are both large and abundant.  There could be many more answers here.
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Field Unit Assessment
1.  Show, draw or describe all of the steps in the process you used to find carbon storage in the forested area around your school.

2.  Using your knowledge of the global carbon cycle, name the carbon fluxes into and out of the plant pool. Hint: The fluxes are common biological processes.

3.  Describe how carbon is stored in trees.  

4.  Think about where and how carbon is stored and cycled in ecosystems.  Give qualitative answers (not actual numbers).  Provide evidence that supports your explanations and your reasoning (see the Global Carbon Cycle Diagram).  

5.  How might carbon storage at your field site change if…

a. Trees were cleared to put in a parking lot?
b. Trees were cleared to make a new sports field?
c. Trees were cleared and allowed to re-grow?
d. The cleared trees were left on the ground to decompose?
e. The cleared trees were used to make several sports equipment sheds for the school?
6.  What are some ways you could increase carbon storage on the school property?
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Field Unit Assessment
1.  Show, draw or describe all of the steps in the process you used to find carbon storage in the forested area around your school.

Tree Circumference ( Diameter at Breast Height (
Process: D = C/π



Diameter at Breast Height ( Tree Biomass (
Process: Allometric Equations by species group 

Tree Biomass ( Biomass (g/m2) (
Process: Add individual tree biomass for all measured trees to get total plot biomass in kg/plot. Kg/plot x 1000g/kg ÷ area of plot in m2
Biomass (g/m2) ( Carbon Storage (gC/m2) (
Process: Biomass x 45%

Carbon Storage (gC/m2) ( Carbon Storage gC

Process: gC/m2 x total forested area around the school

2. Using your knowledge of the global carbon cycle, name the carbon fluxes into and out of the plant pool. Hint: The fluxes are common biological processes.

In: photosynthesis

Out: respiration and litterfall

3.  Describe how carbon is stored in trees.  

Carbon dioxide is taken in through the leaves and converted to glucose by the process of photosynthesis.  Glucose is a building block of cellulose a major structural component of trees (both leaves and wood).

4.  Think about where and how carbon is stored and cycled in ecosystems.  Give qualitative answers (not actual numbers).  Provide evidence that supports your explanations and your reasoning (see the Global Carbon Cycle Diagram).  

You may want to provide students with the global carbon cycle diagram.

5.  How might carbon storage at your field site change if…

a. Trees were cleared to put in a parking lot?
Carbon storage decreases.  If trees are cut down for a parking lot they are no longer 
storing carbon.
b. Trees were cleared to make a new sports field?
Carbon storage decreases but not as much as in the parking lot example.  The grass and upper soil layers continue to store and cycle carbon.
c. Trees were cleared and allowed to re-grow?
Carbon storage would decrease when cleared and then increase as the trees grow back.  Extension: Carbon storage would increase quickly at first because young trees grow fast, but as trees get bigger the rate of storage (accumulation) decreases.
d. The cleared trees were left on the ground to decompose?
Some carbon would go back to the atmosphere via soil respiration and some carbon would be incorporated into the soil.
e. The cleared trees were used to make several sports equipment sheds for the school?
Carbon would continue to be stored in the wood used to build the shed until eventually the wood starts to decompose and the shed falls down.

1.  What are some ways you could increase carbon storage on the school property?

Plant trees around sports fields, parking lots and playgrounds.  After any clearing, use trees to build local structures, e.g. sheds, tables, buildings. 
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