TEACHER ACTIVITIES
TREES AS A RENEWABLE RESOURCE

LEARNING TARGETS: 
· Students will learn how foresters manage and maintain the forest as a continually producing crop.  
· Students will be introduced to concepts behind the measurement of trees and their productivity.
· Students will use a Biltmore stick to find tree diameters and the height of trees to calculate the number of board feet of wood.  
· Students will use an identification guide to determine the species of each tree.     

BACKGROUND: 
About 100 years ago, the forest was exploited as an inexhaustible resource.  Today the forest industry plans for the future.  Modern forest planning includes extensive reforestation projects, continuing research on tree disease, and creative land use protection. 

In order to insure a continuing crop of trees for future generations, new logging practices have been enacted.  In some areas, selective cutting is used while in other areas clear cutting is practiced in order to reduce the competition between young replanting’s and more mature trees.  

It is also important to determine the expected yield of a stand of trees.  To do this, forest professionals called timber cruisers are employed to survey, mark, and calculate the number of board feet in a given location or in a specific tree.  

MATERIALS:
1. 9 Trundle Wheels
2. 8 Biltmore Sticks
3. 16 Tree Identification Binders
4. 10 Calculators
5. Example “one board feet” of lumber

PROCEDURE:
1. Share the background information with students and point out that they are going to be like hired “Timber Cruisers” and gather information on some of the trees at the Outdoor Learning Center. 
2. For example, a timber company may hire Timber Cruisers to find out if a specific forest contains enough timber to make cutting the trees a profitable venture. 
 
For this activity, describe the following scenario:  A land owner would like to build a house on his land using lumber from trees growing on his property.  The owner has requested that only the larger trees with diameters of 12 inches or greater be used for lumber and the smaller trees be left for wildlife and erosion control.  The landowner has hired you (the students) as timber cruisers to find out if there is enough wood on his land to complete the project.  Based on the results, you may need to recommend to the land owner what method of harvest (clear cutting or selective cutting) would be best.    

Students will use “Timber Cruiser” tools to determine the diameter and heights of the trees within the fenced area near Denton Creek “land owners property” (see Google map of area in notebooks).  With the collected data students will use a “Biltmore Chart” to determine if the trees in the area contain enough wood for the project. Students will also identify and record the species of each tree.    

3. Now, discuss how to use a Biltmore stick to determine the diameter of a tree (see below and in student guides).  Students will make measurements using feet and inches.  (The timber industry in the U.S. does not use the metric system so the measurement tools such as the Biltmore stick use the English system of measurement). Because the timber companies (including saw mills) use the English system, stores like as LOWES and Home Depot sell lumber measured with English units.  Examples of measurements are: (1”x4”x8’) and (2”x4”x10’). 
4. A Biltmore stick is only one method for making tree diameter measurements.  Another method would be to determine the circumference of the tree and divide by Pie π (value 3.14). 
5. To find the diameter of each tree, the measurement should be taken at chest height approximately 4.5 feet or 1.4 meters from the ground.  If a tree is determined to be of a large enough size it will be listed on their student sheet. 
6. Discuss how to use the Biltmore stick and trundle wheel to determine the height of a tree (see below).  The trundle wheel is used to measure a distance of 66 feet or 20 meters from the base of the tree.  At this distance the Biltmore stick is used to determine the tree height.  Another method to measure tree height is using the Tangent Height Gauge. (see below) 
7. Students will then use the Biltmore Chart to find board feet in each tree and record it in their packet. (Show students the example of wood in the kit which represents “one board foot”.)
8. Show students the pictures of the different tree species in the notebooks.  Students will use the pictures to identify the tree species that have a diameter of 12 inches or more.  
9. Now, divide the students into groups of four and assign tasks for each member.  (One student measures the diameter of the tree with the Biltmore stick.  Another determines the tree’s height and another student determines the trees species.  A fourth student will record the information on the student answer sheet to share with the group.
10. Pass out the equipment to each group.
11. Begin by taking the class to the first tree as a group and demonstrate how the process will work (the tree will have a number one marked on the tree with circular piece of paper).  
12. Again demonstrate the process with the tree marked with the number 2.  
13. Students should now measure the other trees and record results.  Teacher should assign four or five numbered trees for each group of four students.  There are a total of 26 trees to measure.  
14. Once students have finished their task as timber cruisers have them meet back at the picnic tables to calculate the amount of board foot of wood.  Students should use the Biltmore chart to determine if the trees in the area have enough timber to construct the house.  (see calculators in kit) 
15. The “timber cruisers” will report their results to the land owner.  If this area has enough trees to harvest the owner/company may need to have the GPS coordinates of each tree.  Discuss why it would be beneficial for a timber company to have GPS coordinates for the trees. Examples might be to determine where temporary roads would need to be built to remove the trees or maybe if clear cutting or selective cutting would be best for the area. Ask students why it would be beneficial to know which type of trees are in the area.  One example is that certain trees species have wood characteristics that would be better for specific building projects. (Example oak trees are good hardwood for sturdy furniture.)  In most cases, the timber industry reforests an area with pine trees as studies have shown they grow faster, straighter and produce the most wood in the least amount of time.  
16. A discussion as to whether the study area should be clear cut or selectively cut might depend on the amount of wood.  Maybe there was not enough wood so the owner would need to cut all the trees like clear cutting.  Maybe he has enough wood and would make a selective cut so he preserves the smaller trees as he had hoped for.  A discussion for pros and cons for each cutting method should be discussed. 
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The Biltmore Stick - From Wikipedia, the free encyclopedia

	The '''Biltmore stick''' is a tool used to measure various tree dimensions, such as diameter at breast height and height. It looks much like an everyday yardstick. A Biltmore stick is considered to be only marginally accurate. Some foresters use the tool regularly, however, many prefer to use more accurate tools such as a diameter tape to measure diameter at breast height (DBH) and a clinometer (forestry)|clinometer to measure height. On the other end of the spectrum, some foresters consider the use of a Biltmore stick to be no more accurate then their own visual estimates (based on experience estimating the height and DBH of trees), and make it practice for their surveys to be largely completed in this manner. 

Principles of Operation - The Biltmore stick uses the principle of similar triangles. Similar triangles involve using identical angles but different side lengths.  
[image: Dbh stick 2.jpg]
Use - Diameter at breast height - DBH is measured by holding the stick a fixed distance, usually Convert|25|in|cm, from the eye, and at breast height, which in the United States is Convert|4.5|ft|m up the bole (that part of the trunk of a tree beneath the point where branching commences) of the tree. The left side of the stick is flush with the left side of the tree. The number where the right side of the tree lines up with the stick is the approximate DBH of the tree.  

Height - To measure height, the user of the Biltmore stick stands a fixed distance from the tree, usually Convert|66|ft|m in the United States.  The stick is held upright, with the back edge of the stick facing the user. The back edge of the stick will be marked with 1, 2, 3, 4, and 5 log markings, indicating the number of 16-foot logs in a tree. The bottom of the stick should line up with the bottom of the tree's trunk. The height of the tree is how high the tree goes up on the stick to a merchantable top.

Tree height is measured to a merchantable top. A merchantable top is considered to be the point to which a tree can be accepted for use by a sawmill, and this point can be reached either by defects (extreme sweep, crook, deviating branching, or other defects) or at a diameter limit for very straight trees (a common cut off is Convert|4|in|cm diameter, which is acceptable for pulpwood).

History - The Biltmore stick is so named because it was developed at the Biltmore estate, one of the first places in the US where forestry was applied as a science.  Gifford Pinchot, future first chief of the US forest service, and then Carl A. Schenck were hired in the late 1800s to restore convert|125000|acre|km2 of land around the Biltmore estate to a healthy forest. Schenck was the developer of the Biltmore stick.

Ever since this time, the Biltmore stick has been used by foresters to quickly cruise timber.













Directions for Tangent Height Gauge: (Forestry Suppliers, Inc.)

1. Position yourself at a distance from the tree (or any other object to be measured) and sight towards the tree through the sight rings while moving the gauge up or down to get the bubble in the level tube centered when seen in the mirror.
2. If the top of the tree is now below your view through the sight rings, move closer to the tree until top of the tree is centered in the sight rings and the bubble is centered in the level tube.  Figure 1.
3. If the top of the tree is above your view in the sight rings, move away from the tree until top of the tree is centered in the sight rings and the bubble is centered in the level tube.  Figure 2.
4. Once the top of the tree is centered in the sight rings and the bubble is centered n the level tube, measure the distance from you to the base of the tree and the height from the ground to your eye level.  Add these two measurements and you have the height of the tree.  

	[image: Figure 1]
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Volume Measurement of Logs 
[image: scrib]Scribner Log Rule The Scribner Log Rule is a diagram rule devised approximately 130 years ago by J.M. Scribner. In constructing log rule tables, Scribner drew circles representing the small ends of logs of many diameters and drew in all the 1-inch-thick boards the circles would hold, allowing for slabs, edgings, and ¼-inch saw kerf. Because only log diameter at the small end was used as the basis for this log rule, log taper was ignored in calculating lumber yield. 
Since the rule does not take into consideration for log taper, true log volumes for long logs are considerably underestimated. This log rule is still sometimes used in the northern and western United States. 












Trees as a Crop (Natural Resource) – AIMS Educational Foundation – Our Wonderful World
                                            
How many board feet are in a tree?
1.  At chest height, measure the diameter of a tree in inches using a Biltmore stick.  ____ in.
2.  Measure one chain (66’) feet or 20 meters from the base of the tree.  Extend your arm straight at shoulder height holding the Biltmore stick and sight to the top of tree.  Record the number closest to your line of sight.  The number is equal to the number of 16 ft. logs the tree has __________. (# of 16’ logs)
3.  Use the Biltmore Chart to find board feet in the tree.   (These values take into account the removing of the bark, using the smaller end of the log and using a saw blade with a 1/4 inch cut.) 
  
	Diameter in Inches
	# of 16 foot logs

	
	1
	2
	3
	4
	5
	




Number of board feet in tree____.

	12”
	50
	80
	100
	110
	115
	

	14”
	70
	110
	150
	170
	190
	

	16”
	90
	160
	210
	250
	280
	

	18”
	120
	210
	280
	330
	360
	

	20”
	160
	270
	360
	430
	450
	

	22”
	200
	340
	460
	550
	590
	

	24”
	240
	410
	560
	670
	720
	

	26”
	280
	490
	680
	820
	880
	

	28”
	330
	580
	800
	960
	1040
	

	30”
	380
	680
	940
	1130
	1230
	

	32”
	440
	780
	1090
	1320
	1430
	

	34”
	500
	890
	1240
	1510
	1640
	



4.  Build a House - A 2000 square foot house needs 4000 board feet of lumber to frame and an additional 3000 to complete including cabinets.  (7000 ft. total)  Determine if there are enough trees (board feet) in the designated area to build the house.  Use only the trees with a diameter of 12 inches or greater for the project.   

	Tree Numbers (#)
	Tree Species Name
	Tree Diameter
# of inches
	Tree Height
# of 16 Foot Logs
	Number of  Board Feet
for each Tree (see chart above)

	Example  # 1

	Sugar Hackberry
	14
	2
	110

	Tree # 
	
	
	
	

	Tree # 
	
	
	
	

	Tree # 
	
	
	
	

	Tree # 
	
	
	
	

	Tree # 
	
	
	
	

	
Total Board Feet for your group                                                                                                __________ ft.


	
Total Board Feet All Groups. (Farmers Land)   

Your total ________ ft.  + ________ft.  + ________ ft. + ________ ft. + ________ ft. + ________ ft.  =  _________


	
Is there enough wood to build the house?  __________








Trees as a Crop – AIMS Educational Foundation – Our Wonderful World
                                                                                                                                                ______________________ Student Name                                            
How many board feet are in a tree?
[bookmark: _GoBack]1.  At chest height, measure the diameter of a tree in inches using a Biltmore stick.  ____ in.
2.  Measure one chain (66’) feet or 20 meters from the base of the tree.  Extend your arm straight at shoulder height holding the Biltmore stick and sight to the top of tree.  Record the number closest to your line of sight.  The number is equal to the number of 16 ft. logs the tree has __________. (# of 16’ logs)
3.  Use the Biltmore Chart to find board feet in the tree.   (These values take into account the removing of the bark, using the smaller end of the log and using a saw blade with a 1/4 inch cut.) 
  
	Diameter in Inches
	# of 16 foot logs

	
	1
	2
	3
	4
	5
	




Number of board feet in tree____.

	12”
	50
	80
	100
	110
	115
	

	14”
	70
	110
	150
	170
	190
	

	16”
	90
	160
	210
	250
	280
	

	18”
	120
	210
	280
	330
	360
	

	20”
	160
	270
	360
	430
	450
	

	22”
	200
	340
	460
	550
	590
	

	24”
	240
	410
	560
	670
	720
	

	26”
	280
	490
	680
	820
	880
	

	28”
	330
	580
	800
	960
	1040
	

	30”
	380
	680
	940
	1130
	1230
	

	32”
	440
	780
	1090
	1320
	1430
	

	34”
	500
	890
	1240
	1510
	1640
	



4.  Build a House - A 2000 square foot house needs 4000 board feet of lumber to frame and an additional 3000 to complete including cabinets.  (7000 ft. total)  Determine if there are enough trees (board feet) in the designated area to build the house.  Remember you can use only the trees with a diameter of 12 inches or greater for the project.   


	Tree Numbers (#)
	Tree Species Name
	Tree Diameter
# of inches
	Tree Height
# of 16 Foot Logs
	Number of  Board Feet
for each Tree (see chart above)

	Example  # 1

	Sugar Hackberry
	14
	2
	110

	Tree #  1
	Hackberry
	20
	3
	360

	Tree #  2
	Hackberry
	14
	2
	110

	Tree #  3
	American Elm
	16
	1
	  90

	Tree #  4
	Hackberry
	16
	2
	160

	Tree #  5
	Red Mulberry
	14
	2
	110

	
Total Board Feet for your group                                                                                                  ___830__ft.


	
Total Board Feet All Groups. (Farmers Land)   

Your total __830__ ft.  + ___580__ft.  + __520___ ft. + __1140__ ft. + __380___ ft. + __440___ ft.  =  _3890 ft___


	
Is there enough wood to build the house?  __No.____





SUGAR HACKBERRY TREE 
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Hackberry

Celtis occidentalis
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Hackberry

Celtis occidentalis

Large

Deciduous

Rapid

Moderate

Salty soil or sea-spray, drought, alkaline sails (pH > 7.5)

Texas native, seeds or fruit eaten by wildife

Fruits are important for widiife. Pale bark has warty bumps and ridges.

More cold-tolerant than the native Sugarberry. Native only to Hemphill County in the
Panhandle.

Susceptible to ice damage; forms weak branch crotches and multiple trunks.
Yes
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Using a Biltmore Stick
by Justin Black

A Biltmore stick, dated to the early 19th century, is one method used for measuring tree diameter and height (total or
‘merchantable). From there, the total board feet of the tree can be established, along with tonnage and cubic feet.

A i r A B AR A Sl

o order a Biltmore stick, contact Darren McAvoy at (435) 797-0560 or darren. mcavoy@usu edu
Using your Biltmore stick to measure tree diameter:

1. Hold the stick at breast height (4.5 eet from the ground), 25" from your
‘eye, vith the back of the stick against the tree you are measuring.

2. Hold the stick at a ight angle to the axis of the tree and keep your eyes.
level vith the stick.

3. Adjust the stick so that the left or zero s in line of sight with the lef side.
of the tree.

4. Without moving your head, shift the fine of sight to the right hand side
ofthe trunk.

5. Read the diameter on the stick nearest the point at which the fine of
sight crosses it

Using your Biltmore stick to measure tree height:

1. Total tree heightis

measured ffom the ground to the top of the tree.

Merchantable tree heigh is measured from the stump height to the point
atwhich the tree is no longer useable.

2. Stand 100 feet from the tree you are going to measure. If the ground is not
level, stand on a spot which has about the same elevation as the base of
the tree.

3. Hold the stick vertical, 25 ffom your eye, with the *Height of Tres" side.
facing toward you

4. Align the base of the stick at the ground (or at your estimated stump
height for merchantable height).

5. Without moving your head, shift your line of sight so you can read the
height at the point where your line of sight and the top of the tree intersect

(or merchantable height).
6. This can also be done opposite: Zero the stick at the top of the tree and check height at the ground.
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Using your Biltmore Stick to determine tree volume:

1. Board Feet: After determining tree diameter and height (in 16 foot lengths), use the chart on the back of the Bimore stick to
determine board fest. Using the “inches” scale along the top, find your iree diameter. Look on the table corresponding to the
‘number of 16 foot log sections you have. The number not in parenthesis willndicate board feet.If you want to determine the.
volume of one cut log, use the inches scale on the back of the stick to measure the small end inside the bark. The numbers in
parenthesis (below your log diameter in inches) lst the board feet of one log, 8, 10, 12, 14, or 16 feet ong.

2. Tons: After determining board feet, use the conversion chart on the back of the stick to etermine sither cubic fest or tons.
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1. Trees as a renewable resource





