Field Work Teacher Guide – Urban Trees

Purpose
· To set up a Carbon Cycle Sample Site, identify and map all trees greater than 15cm circumference, and collect tree circumference data.  Students will use scientific field methods including, azimuth, distance in meters, breast height at 1.35m, species ID using a scientific key, and tree circumference.  

Overview
Students begin by re-examining the unit essential question, how much carbon is being stored in the forest ecosystem near my school?  Using the knowledge they gained during the in-class field engagement activities (How To Measure Trees, Biomass Units, Allometry: Not a Llama Tree) students will discuss potential methods for assessing carbon storage in their schoolyard.  After developing a basic procedure students will review the scientific procedure they will be asked to follow and have the opportunity to ask questions.  Student will then work in small groups and use scientific field methods to set up, map and measure trees on the Carbon Cycle Sample Site.  Students will also calculate how much of their schoolyard area is forested, which will be used later to scale from plot level carbon estimates to schoolyard carbon estimates.
Essential Question
How much carbon is being stored in the trees near my school?
Level
Middle & High School
Pre-requisites
Concepts:

For students to get the most out of the field experience they should have an understanding of 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 (see Field Engagement Activities).
Skills:

Students should be able to accurately read and record values from a meter tape, and know the fundamentals of species keys and how to use one to ID species to at least the genus level or common species group, e.g. pine, spruce, birch.

Background
Students can now put basic concepts learned during engagement activities into practice.  Figure 1 outlines the following concepts.  Carbon dioxide is taken up by trees during photosynthesis and is stored as carbon in the roots, bark, branches, stem and leaves.  Carbon, the building block of life, accounts for approximately 45-50% of the mass of all living things after the water has been removed.  While perhaps the best way to find the exact mass of each tree under consideration is to cut it down, oven dry it and weigh it, this is neither practical nor logical.  To this end scientists, including ecologists and foresters, have cut down many trees of varying sizes and varieties to come up with size based relationships, called allometry.  One relationship that has proved especially consistent is between diameter at breast height and tree biomass.  Such a consistent relationship led to the development of allometric equations that allow scientists, and now students, to measure circumference (or DBH) to estimate the biomass of whole trees as well as their individual components including leaves, branches, bark, stem and roots.  With a good estimate of biomass, carbon storage of each tree and its components can also be calculated.  While carbon storage estimates of individual tree components are great for understanding ecosystem dynamics such as how the ratio of carbon in roots versus stem changes with a change in environmental conditions it can also be interesting to look at carbon storage at larger scales including a specific sample site, schoolyard, town or region.  This type of scaling allows us to look at the bigger picture of carbon storage and provides a reference point to consider when making management decisions in the light of climate change.  Should these trees be logged?  Should more trees be planted?  If the biomass of the same trees is then monitored over several years you can begin to look at growth, carbon uptake over time, another important component in the global carbon cycle equation.  Carbon uptake from the atmosphere is particularly interesting because it is the opposite of carbon emissions to the atmosphere, typically calculated through a carbon footprint assessment.

Figure 1. 
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Assessment

Inquiry: Formal or informal presentation of field methods

Carbon Cycle Sample Site Set Up: Participation

Tree Mapping: Tree Data Collection Challenge (see rubric)

Tree Circumference: Tree Data Collection Challenge (if performed with or instead of Tree Mapping) or a completed Field Data Sheet
Adaptations
Younger students are capable of completing all parts of the fieldwork, but may need additional time and teacher direction.  For students ages 10 - 13 it may be helpful to have additional adults at the field site to help answer questions and keep students on task.  
If you have students with physical disabilities you may consider placing your sample site next to a more accessible trail or close to the school building.  Once in the sample site these students could act as the data recorder for their group.

Resources/References
Using a Compass - http://www.dnr.state.wi.us/org/caer/ce/eek/cool/orienteering.htm
Going Outside - Project Learning Tree’s Resource Guide for Conducting a Forest Field Day
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Taking Students Outside

 Inquiry Activity: Methods for Assessing Total Schoolyard Carbon
Purpose
· To encourage critical thinking and synthesis of knowledge gained during field engagement activities through the brainstorm and development of potential field methods.

Overview
Students begin by re-examining the unit essential question.  Students will use new content knowledge and skills to write a basic procedure for collecting the data needed to answer the unit essential question.  Students will then review the scientific procedure they will be asked to follow and have the opportunity make comparisons and questions.

Essential Questions
How much carbon is being stored in the trees near my school?
Student Outcomes
What is the procedure needed to determine how much carbon is being stored in the trees near my school?
· Students will write a basic procedure for collecting field data.

· Students will present and discuss their proposed methods with their peers.

· Students will evaluate their own procedure against the procedure written by Carbon Cycle Scientists.

Science Concepts

Time/Frequency 
45-60 minutes

Should be completed each year before students begin fieldwork.

Level
Middle & High School
Materials and Tools
· Pencil (per student)

· Paper/Science Notebook (per student)

· Previous class work and homework sheets 
· LCD project & computer (or another way to display inquiry questions)

Preparation
Prepare the inquiry power point slides by setting up an LCD projector or TV.  If none are available transfer questions onto the white board, chalkboard, overhead projector or individual student handouts.

What To Do and How To Do It
Present the inquiry slides to students.

Essential Question.  How much carbon is being stored in the forest ecosystem near my school?
What two major pieces of information do you need to know to answer this question?

Class discussion (2min).  Write ideas on the board, overhead or directly on power point slides.  After all major ideas have been presented show students that they should all fall into two categories.  Post the categories in a place where all students can see them.

1. How much carbon is stored in a given area of your schoolyard?

2. How much of your schoolyard is covered by trees?
What are the methods/steps required to answer each of the questions?

Small group work (20min).  Assign each group a quadrant name: north, south, east or west.  Instruct students to write down all the individual steps they think it will take to answer each question.  Remind them they can use their class notes, activity worksheets or homework to help them.

Small group presentations/discussion (20min).  When time is up students can present formally, informally or participate in a class discussion.  Have someone keep track of the steps on the board, overhead or screen.  Post the slides and discuss how student’s answers were similar or different to those suggested by the Carbon Cycle Scientists.  (If you have an advanced class, challenge them to develop a clear procedure that could be used by the class instead of the provide Tree Mapping Packet.  You may have to provide students will a little more information such as all trees on the sample site will need to be mapped so they can be measured every year.)

Next Steps:

· Students will set up and map the trees on a Carbon Cycle Sample Site OR if one is already set up see Carbon Cycle Sample Site and Mapping Field Discussion
· Students should complete the Area of the Schoolyard Covered by Trees activity for homework or as an in class activity.  (Keep in mind this activity is just one way to come up with an estimate of how much of the schoolyard is covered by trees and your students may have devised an equally good method that they could use instead or as a comparison.)
Carbon Cycle Sample Site Set-up

Purpose
· To set up the schoolyard as a Carbon Cycle Sample Site to be assessed for aboveground carbon storage. 
Overview
Develop and improve skills necessary for field site set up and measurement, including pacing and how to use a compass.  Complete the set up of the schoolyard as a Carbon Cycle Sample Site.
Essential Question
How much carbon is being stored in the trees near my school?
Student Outcomes
What are the field skills necessary for measuring and mapping a Carbon Cycle Sample Site?
· Students will learn how to use pacing to measure distance.

· Students will learn how to use a compass to orient a field plot.

· Students will learn how to use a GPS to mark plot center [optional - see GLOBE GPS Investigation].

· Students will use new skills to set up a Carbon Cycle Sample Site
Science Concepts

Time/Frequency 
90 minutes to several class periods depending on selected options

(Travel time to the sample site is not included in this estimate.)

Only needs to be completed once for each sample site.

Level
Middle & High School
Materials and Tools
· Pencil (1 per student)

· Science notebook (1 per student)

· Compass (1 per student or student pair)
· Flexible measuring tape (30-50m) (1-2 per class)

· Sample Site Student Instructions Urban Trees

· Sample Site Data Sheet
· Digital camera

· GPS 

· GPS Protocol

· GPS Investigation Data Sheet
· Local field guide OR MUC Field Guide: A Key to Land Cover Classification
Pre-requisites

· Inquiry Activity: Methods for Assessing Total Schoolyard Carbon 
· If your school or class already has a completed a Landcover Sample Site Set Up there is no need to establish a new site for carbon cycle activities (skip this activity and move on to Tree Mapping). 

Preparation
· If you are new to student field excursions read Appendix: Taking Students Outside, which discusses considerations to make before heading to the field, including: weather, insects, appropriate clothing, etc.)
· Go over important information with students at least one day before going out to the field site.
What To Do and How To Do It
Site Set-up Skills (45 minutes to several classes depending on depth of GPS Investigation)
· Before students can complete the Carbon Cycle Sample Site Set Up they will need to gain skills in pacing, compass use and GPS use.  While site set up will not require all students to perform all skills, some skills, such as compass use, will be required for later Carbon Cycle activities or future field investigations.

· Pacing and How to Use a Compass

· Instruction sheets are designed to be copied and provided for students OR to be used to give verbal instructions to the entire student group.

· Activities can be completed indoors or outdoors.

· GPS Investigation 

· A GPS should be used to mark plot center.  This will allow you to return to the exact center of your field plot each year, as well as allow you to view your site location on the GLOBE website, UNH GLOBE map server, or Google maps.

· Depending on your time and teaching goals there are many options for obtaining GPS data on your site.  The GLOBE GPS Protocol can be used regardless of your goals. 

· Collect the data yourself during site selection or site set up.
· Show 2 students how to use the GPS to collect data (long, lat, elevation) during site set up. 

· Teach all students what a GPS is and how it works using the learning activities in the GLOBE GPS Investigation.  Select 2 students to collect data.
Sample Site Selection (2 hours)

· Sample site selection can be completed with or without student involvement.

· Start with local maps and satellite images to get a basic idea of the vegetation in your schoolyard area and surrounding region.

· If there is an accessible area of at least 225m2 (15x15m) of vegetation that is representative of the regional vegetation, you should perform the Tree Field Activity instead.

· If not, use the maps to do a rough count of the number of trees in the schoolyard.

· If the number of trees is ( 150 your plot size will be the entire schoolyard area.

· If the number of trees is ( 150 select 1-2 smaller areas to perform tree circumference measurements on.

· Check with school officials before marking the area or trees with any flags, stakes, paint, etc.

Set Up a Sample Site (45 minutes)
· Direct students to Google Earth or perform as a class using an LCD projector.
· If students are working individually or as small groups they should sketch a rough map of the schoolyard and use it to record their data.

· Use the “Ruler” to:

· Obtain schoolyard dimensions (m) and calculate the total schoolyard area

· Determine the azimuth (or heading) from each corner to the next corner moving clockwise around the schoolyard.
· Find the approximate center of the schoolyard.

· Add a “Placemark” to the schoolyard center

· Record the latitude, longitude, and elevation

· Discuss student results and agree on class values. 

· Complete a Carbon Cycle Sample Site Data Sheet.  Record in the metadata section that this data came from Google Earth.

· Print a Google Earth image of the schoolyard, marked with a center point.  Divide the schoolyard into 4 quadrants.  Make 2 copies.

· Mark one copy with the class values from Google Earth.
· Optional: Students perform on the ground validation of their Google Earth data.

· Divide your class into 4 teams of 3 students each to perform azimuth and pacing and 3 teams of 3 students each to take GPS measurements and site photos.  Additional students can begin to identify the site’s land cover type and the local biome.  Students may begin with a local field guide, use the MUC Field Guide: A Key to Land Cover Classification and Landcover Investigation Protocols, or begin the Seasons and Biomes: What is my Biome? Protocol (Coming soon…).
· Students review their team’s instructions

· The Perimeter Team, and Photography Team should use the Sample Site Student Instructions_Urban Trees
· The GPS Team should use the GPS Investigation Data Sheet, included in the GPS section of the GLOBE Teacher Guide

· Return to the classroom and compile students’ data on the board. 
· Complete a Carbon Cycle Sample Site Data Sheet.  Record in the metadata section that this data came from schoolyard measurements.

· Mark the second copy of the Google Earth image with student collected data.

· Discuss similarities and differences between the Google Earth values and student collected data.  What did students learn from this exercise?

· Optional: Upload schoolyard photos (minus the ones with students) to Google Earth using the Add – “Photo” function.
Extensions

· To complete the basic Carbon Cycle Sample Site Set-up students can simply follow the Photography Team instructions.  If, however, you plan to use the sample site for additional studies, on topics such as plant phenology, seasons, succession, landcover change, or forest health, you may consider installing a PicturePost.  More information about the use, building, and installation of PicturePosts can be found at the Picture Post website: http://picturepost.unh.edu/
Tree Mapping and Circumference
Purpose
· To map and measure circumference at breast height (CBH) for all trees in the schoolyard area greater than 15cm circumference. 
Overview
Using the skills they gained during the Carbon Cycle Sample Site Set Up and the in class field engagement activities (How to Measure Trees, Biomass Units, Allometry: Not a Llama Tree) students will work in small groups and use scientific field methods to map, identify and measure trees in the schoolyard.
Essential Question

How much carbon is being stored in the trees near my school?
Student Outcomes
What data/measurements are required to make a carbon assessment on a sample site over time? (From year to year.)  How is circumference used to calculate carbon storage?
· Students will work as a team to delegate and complete field tasks.

· Students will use their knowledge about accuracy and precision to carry out scientific measurements (CBH) on all trees greater than 15cm circumference in the Carbon Cycle Sample Site.

· Students will use tree identification keys and guides to ID trees to at least the genus level or common species group, e.g. pine, spruce, birch.
Science Concepts

Time/Frequency 
75 minutes (Travel time to the sample site is not included in this estimate.)

Tree numbering and species ID only need to be completed once.

CBH should be measured every year.
Level
Middle & High School
Materials and Tools
Materials and tool numbers are listed for each of the 4 quadrant groups.  
· Clipboard  (1)

· Pencil (2)

· Urban Tree Data Sheet (1)

· Mapping-Circumference Student Instructions-Urban Trees 
· Flexible measuring tape (150cm – 300cm) (3)

· Height indicator for 1.35 m (e.g. string or stick with permanent mark) (1)
· Paint Stick/Tree Crayon (2) [optional]

· Tree identification guide/local species keys (2)


· Tree Circumference Measurement Guide (2)
· Species Groups List (2)

· Annotated School Image (completed during Sample Site Set-up)
Pre-requisites

1. Inquiry Activity: Methods for Assessing Carbon 

2. A Carbon Cycle Sample Site should already be set up.

Preparation
1. Divide your class into 4 quadrant groups of approximately 6 students each.  You may want to consider only 2 groups if you have a small class (thus the field process will take longer than suggested).
2. Review and make copies of the Mapping-Circumference Student Instructions-Urban Trees for each quadrant group.

3. If you are new to student field excursions read Going Outside, which discusses considerations to make before heading to the field, including: weather, appropriate clothing, dangers such as ticks, etc.)

What To Do and How To Do It
Assign numbers to each tree in the schoolyard

· It is important that each tree can be identified as an individual from one year to the next, as this allows for the calculation of carbon uptake and growth over time, in addition to carbon storage.

· View the Annotated School Image you developed for your school and decide on the best tree numbering strategy given the number of trees, shape of the schoolyard, etc.

· Assign tree numbers yourself or have each quadrant team assign numbers using the basic strategy you devised.

· See Annotated School Image with Numbers - example
Prepare to go outside (15min).  

1. Review expected student behavior while in the field.

2. Divide into Quadrant Teams.
3. Students gather field materials and tools.  

4. Students review the Mapping-Circumference Student Instructions-Urban Trees and Urban Tree Data Sheet and ask questions.
Perform field tasks (60min).  Students should follow the procedures for each task in their packet.  

NOTES:  

· In subsequent years, after the initial site set up you will need to occasionally map trees that have grown to 15 cm or greater.  The mapping and circumference procedures should be followed for each “new” tree. 
· If you choose not to have students perform Carbon Cycle Sample Site Set-up and mapping tasks after the initial year it is suggested that students view and discuss the sample site before performing circumference measurements.  Use the Discussion Points for Site Visit as a guide.

Assessment

Tree Data Collection Challenge (Rubric)

Quadrant Teams compete against each other to complete their field tasks.  To win the challenge students will be graded on a number of factors – see rubric.  

NOTES:

1. The precision, accuracy, and completeness of collected data.  

a. Either you or a student pair from another team can randomly select 2-4 trees and check all of its measurements.

b. Example. Tree # 24, height 1.35 from the highest point of ground, CBH 20.3cm.

2. How quickly all tasks are completed may be different for quadrants if there are significantly more trees in one area of the sample site.
Site Visit Discussion - Years 2+ (Alternative to Sample Site Set-Up and Tree Mapping)
After the initial year of participation in the GLOBE Carbon Cycle project, it will not be necessary for students to complete the Carbon Cycle Sample Site Set-up activities or the mapping activities.

You may, however, decide to set up an additional sample site or re-map the existing site simply for students to get experience in measurement and mapping skills or to do comparison studies.

Regardless of what you decide, it is still important for students to understand how the sample site was designed and measured before they collect the present year’s tree circumference data.

Below is one method for providing students with basic site information. (30 minutes)

· Visit the sample site.

· Students explore the sample site, making notes and diagrams in their science notebook about what they observe. 

· What is the shape of the sample site?  How is it divided?  How large is it?

· Are there any flags, stakes, or markings?  What do they represent?

· What measurements have been taken?  What tools might have been used?

· What tree species are present?  Mostly deciduous or evergreen?

· Students share observations.  Provide any additional information (that students did not mention in their observations) about the basic procedure that was used to map and measure the site in previous years. 

· Discuss the basic field procedure students developed during the inquiry activity and how their ideas are similar or different to the methods used at the actual sample site.

· Bring mapping tools and walk through how to add a “new” tree (a tree that has just reached 15cm circumference) to the Urban Tree Data Entry Sheet.

· Proceed with by making circumference measurements.

Data Entry

After students have returned from the field with their paper data sheets, data should be compiled into one computer spreadsheet, UrbanTrees_dataentry.xls.   Entry into the computer can be logistically difficult for a whole class.  Below are a few suggestions.

1. Collect field data sheets from all groups and enter data into the spreadsheet, before the next class.

2. Photocopy a packet of completed field data sheets for each field group.  Groups can then enter all field data, breaking up work between group members and merging data where appropriate.  (In this case students will do the following data review as a small group.)
3. Have two students from each field group enter their own data simultaneously into separate computers.  Have a central computer or network folder where you (or another student) can merge the group data sheets into one class data sheet.
4. Have one central computer where two students from each group can come up and enter field data.  Groups can rotate until all field data is entered.  

While data is being entered. (In cases 3 and 4 most of the class will not be entering data.) 

1. Students complete any unfinished activities from earlier in the field unit and work in their field groups to review the basic principles of determining carbon storage before they move on to data analysis.
Data review.

1. Review data as a class, checking for data quality including precision and typos.

2. After the initial site set up year, you can compare previous years’ data.  

a. Increases in circumference.  How much did a tree grow in 1 year?  Is this what you expected?  Could there be any errors in measurement? What factors might have affected the growth rate?  How does the increase in circumference of a small tree compare to the increase in circumference of a large tree?

b. Decreases in circumference. Are any trees smaller this year?  Did anyone check to see if the tree had died?  Was the bark difficult to deal with during measurement, wavy, peeling, bumpy?  Was the circumference measurement taken at the exact same height?  Was the measuring tape read correctly?

c. Differences in recorded species.  Who is right?

d. Important notes.  Are there new trees that have come in?  Have one or several trees died?  Were there any other factors that might have played a roll in this year’s measurements - insect infestation, ice storm, hurricane?

After data entry.
1. Copy and paste “Species Group” and “Circumference” columns into the Sample Site Biomass Analysis spreadsheet.

2. Begin biomass analysis.
