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Course:
03.451

Forest Science I

Unit 4:
 Forest Measurements
Lesson 2:

Cruising Timber

GPS:
AG-FS-8-A Through AG-FS-8-E
Academic Standards:..ELA9LSV1, ELA9LSV2, SCSh2, SCSh4, SCSh9, MM1A3, MMIGI, MMIG3, MM1P4, MM1P1, MM2G1, MM13
Objectives: 

1.
Determine heights and diameters.

2.
Draw tally symbols.

3.
Determine form class.

4.
Determine basal area.

5.
Determine product classification.

6.
Identify basic concepts of timber cruising.

Teaching Time: 


20 hours




References:

Forestry, CIM. Oklahoma Department of Vocational and Technical Education.  

Herren and Donahue.  The Agriculture Dictionary.  Delmar Publishers, Inc.  Albany, NY.  
Forestry Handbook.  John Wiley & Sons, Inc. A Wiley-Interscience publication.
http://www.gfc.state.ga.us
Materials and Equipment:

Dry erase, handouts, biltmore stick, diameter tapes, clinometer, altimeter, one piece of PVC pipe with one inch inside diameter for each student, 1 PVC cap to fit the PVC pipe, one 1/8" or 1/4", drill bit, one portable drill or one drill press.

Teaching Procedure

Introduction and Mental Set 

What does the term cruising mean to you?  It’s not what you do on Friday and Saturday night around town.  Cruising is estimating the volume of standing timber on a tract of forest land.
Discussion

1.
Make a list of tree diameter sizes and let students compete to facilitate rapid response in determining correct diameter classes.



Diameter of standing trees is most commonly measured at breast height 


called 
DBH. The DBH is usually measured at 4½ feet above the average 


ground level. Tree diameters are usually recorded in even 2-inch classes 


to facilitate volume determination.



Example of 2-inch Diameter Classes



Class 



Inches 
                      10 inch 


9.1 - 11.0


12 inch 


11.1 - 13.0 


14 inch 


13.1 - 15.0


In the forestry field day events a one inch diameter class is used and the diameters are always rounded to the nearest inch.  Example:  Any tree with a diameter between 8.6” – 9.4” would be a 9” diameter tree.  Refer to the Forestry Career Development Guide for further information.



Various instruments used to measure diameters:


(1) Biltmore stick


(2) Diameter tape


(3) Tree calipers



A diameter tape is the most consistent tool for measuring tree diameters. 


It is so calibrated that each inch of the diameter side of the tape is actually 

3.1416 inches in length. In this way, the diameter is read directly from the 


tape which is actually measuring the tree's circumference. The Biltmore 


technique is based upon the geometric principle of similar triangles with 


the scale graduated on the stick to read directly in inches. The Biltmore 


stick reading is taken at DBH 4 ½ feet from ground level.

2.
Students will be shown individually by the instructor where breast height (41/2 feet) above ground is.

3.
The teacher will demonstrate the proper technique to use when measuring tree diameters with a diameter tape.

4.
Students will determine DBH for 10 trees using a diameter tape.

5.
Students will determine DBH for 10 trees using tree calipers.

6.
Explain the proper technique for using a biltmore stick to estimate tree diameters. (Pass out handout 4-2-1)
7.
Students will determine DBH for 10 trees using biltmore sticks.

8.
Explain how sawtimber heights are recorded to the students (in feet and logs).



Tree heights are measured in feet, logs or bolts. Depending on the 



purpose the tree height is being measured for, it can be total height or to a 

specified top diameter (merchantable height). Sawtimber is generally 


measured by the number of 16' logs and half logs which can be cut from 


the tree. A cordwood tree is usually tallied to the nearest five foot total 


height.  Minimum top diameter for sawtimber is generally set at 8 inches. 


Tree heights can be measured with:


1. Clinometer 


2. Abney 


3. Biltmore stick

9.
Explain what a cut off point is and show the students what an 8 inch cut off point will look like in a tree that is being measured for sawtimber production.

10.
Define total height and show the students where the tree’s terminal bud is located.

11.
Discuss the decisions and the processes involved in determining merchantable height.

12.
Students will determine the sawtimber height, in logs, for ten designated trees using a biltmore stick.

13.
Explain how total tree heights are recorded to the students.
14.
Explain how total tree heights are recorded using a clinometer and an altimeter.



The clinometer and the biltmore stick are the two most common 



instruments used in forestry to measure tree heights. The two common 


scales available on a clinometer are the topographic scale which uses a 


base distance from the tree of 66 feet and the percent scale that uses a 


base distance of 100 feet from the tree. The following example shows how 

to measure the total height of a tree using the percent scale on a 



clinometer.



The Biltmore stick or hypsometer can be used to measure the number of 


16 foot logs in a tree or the number of feet in height of the tree. Working 


on the principle of similar triangles, the stick must be held at the proper 


distance from the eye (usually 25 inches) when observer is standing 1 


chain, or 66 feet from the tree. Your feet should be on the same general 


level as the base of the tree being measured for accurate readings.
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The percent scale on the abney level and the clinometer are read directly 


at 100 feet.



The topographic scale is read directly at 66 feet. When you use the 



percent scale, the height can be calculated easily at any convenient 


distance away from the tree. A reading fifty feet away from the tree would 


be reduced by 2 to get the height.

16.
Students will determine total tree heights for ten designated trees using either a clinometer or an altimeter. (Handout 4-2-2)
17.
The instructor will show the students the symbols used in tallying timber.

18.
Have students practice writing tally symbols in groups.

19.
Define form class. 
A.
Explain how tree form class is determined mathematically.



Taper of the tree is referred to as form class. Form class is expressed on 


a percentage basis. To determine the form class of a tree the DBH OB 


(outside bark) is measured and the diameter at the top of the first 16 foot 


log is measured inside the bark DBH-IB (inside bark). Obviously, the tree 


must be cut or either climbed to measure the diameter and bark thickness 


when making a form class determination.



Form Class = DIB at end of 1st 16 foot log 



DBH



A tree measuring 20 inches DBH and measuring 16 inch DIB at the top of 


the first 16 foot log would have a form class of 80.



.80 
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20" DBH   16.00 DIB first 16 foot log 



Form class has a bearing on the volume of a tree. Volume tables are 


made up to reflect volumes for a given form class.

20.
Students will be evaluated by determining the form class for ten designated trees.

21.
Define basal area.

A.
Explain how and why tree basal is determined.



Basal area can be determined by measuring each tree diameter with a 


Biltmore stick, caliper or diameter tape. The easiest way to measure basal 

area is using a tube angle gauge or prism wedge. Prisms are ground to a 


specified basal area factor. The most common factor used in the 



Southeast is a 10 factor prism. Tube angle gauges also use an angle that 


makes it a 10 factor gauge. When using 
these two instruments, the 



number of trees tallied at a point times 10 gives the basal area in square 


feet per acre for the sample point. When a series of points are taken, 


you average the basal area from all sample plots to obtain the average 


basal area per acre for the stand.

          Formula for computing Total Basal Area:


       Sum of the diameters Squared 

                      Basal Area (Sq. Ft.) = 

183.3456



The basal area or cross sectional area of a tree at breast height 



expressed in 
square feet. Basal area is commonly measured to 



determine:


(1) The degree of stocking of a stand of trees.


(2) The amount of timber to remove in thinning an overstocked stand.


(3) Timber volume calculations.



Basal area of trees by DBH classes:


DBH 
Basal Area 
DBH 
Basal Area 


(In.) 
(Sq. Ft.) 
(In.) 
(Sq. Ft.)


2 
0.022 
14 
1.069 


4 
0.087 
16 
1.396 


6 
0.196 
18 
1.767 


8 
0.349 
20 
2.181 


10 
0.545 
22 
2.640 


12 
0.785 
24 
3.142 
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22. Have each student construct a tube angle gauge for basal area measurement.

The tube-angle gauge is made from a piece of heavy duty PVC pipe 


capped at one end with a 1/8” or 1/4 “ peep hole bored in the center of the 


cap.  The PVC pipe must have an inside diameter of 1 inch and be exactly 

33” long including the cap.
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Place the cap with the peephole up to your eye pointing the tube at DBH on the 
tree.  If the trunk of the tree at DBH is larger than the hole at the end of the tube, 
the tree should be tallied.  Trees smaller than the hole do not count.

[image: image3.png]N

33" long

‘/8“ CcR
hele

Ya

i

Tws Qe
Diameker





23.      Allow each student to use a 10 factor prism and determine basal                  
area.

24.
Discuss tally and not tally using the handout 4-2-3.

25.
Have students determine the basal area for 10 1/10 acre plots.


26.
Discuss Timber Cruising and explain various types of cruises.

The purpose of a timber cruise is to estimate the standing volume of timber on a 
specific area. The various types of timber cruises are:


(1) 
100% or Total Cruise -- This method involves measuring all the 
trees on the area being cruised.


(2)
 Partial Cruise -- Is made by measuring a fraction of the trees on 
the area being cruised and assumes the remaining trees are similar 
to the sample measured.

The extent or percent of the cruise is based upon the timber values and the size 
of the stand. When higher value products are cruised, you increase the intensity 
or percent cruise to get as accurate an estimation of the product you have as 
possible. Generally a higher intensity cruise is used on small areas to assure 
accuracy. In addition to the size of the woodland and value of the timber 
involved, the amount or percent of cruise necessary to obtain acceptable 
accuracies is also dependent upon the topography of the tract, the extent of 
openings and uniformity of the tree stand, the number of species represented, 
and the intent of the owner. For these reasons, no two timber stands are cruised 
alike. In the southeast 1/4 acre circular plots is considered the standard.  A 1/4 
acre circular plot has a radius of 58.88 feet.


Steps to follow in setting up a 1/4 acre circular plot cruise. 

1. 
Get a map of the area to be cruised. If a type map of the timber on the area is available it will make it easier to determine the percent cruise you need to make.

2. 
Once you have the map of the area and have determined how many acres are in the cruise area, you can decide on the percent cruise you will make, the number of 1/4 acre plots needed and how they will be distributed throughout the stand.
Example:


100 acre tract, with an even age stand of slash pine timber. Since the tract is quite uniform we decide we will make a 10% cruise of the area. Ten percent of 100 acres gives us 10 acres to sample, requiring forty 1/4 acre plots on the area. One-fourth of the area will have received a partial cruise. The amount of timber found on these plots multiplied by four to obtain the estimate of the total stand volume.


Sample plot lay out: 100 acres  10% cruise



Forty 1/4 acre plots 



Cruise lines should run at right angles to drainage or other natural 




features to obtain representative samples.

Circular Plot Radii

1/4 Acre     58.9'      1/20 Acre    26.3'      1/5 Acre    52.7' 

1/40 Acre   18.6'       1/10 Acre    37.2'     1/100 Acre 11.8'
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Tally Sheets for Timber Cruising
On a map or outline of the area to be cruised plot lines and plot centers are located. We then select tally sheets that will allow us to separate our tally and record it on the tally sheet by diameter class, height class as well as by product 

(Pulpwood, CNS and Sawtimber).

A dot and square system is useful for recording trees on the tally sheet.

	2 in. diameter classes
	Height in Feet

	
	30
	40
	50
	60
	70
	80
	90
	100

	6
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	10
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	20
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	22
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	24
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


55 trees tallied: 6 P/W, 4 CNS, 45 S/T 
If you use this type tally sheet, you should determine the average Form Class for the area. Once this has been determined you go to a volume table for that Form Class and determine the volumes from your tally. Unless you have a special need for exact accuracy or an extreme in tree form that is obvious to the eye, you will find Form Class 78 acceptable for most cruises in South Georgia. 
27.
Students will use log rules to determine timber volumes and compare 
different log rules for different species along with computing timber 
volumes from cruise data.

A log rule is a table or formula showing estimated volumes, usually in board 
feet, for various log diameters and lengths.  During the past century, at least 
100 board-foot log rules have been devised.  However, none of these rules 
can accurately predict the mill’s output of boards, except where near-
cylindrical logs are sawed according to rigid assumptions on which the rules 
are based.


There are four major log rules:  


1.
International ¼”


2.
Doyle


3.
Scribner


4.
Scribner Decimal C

28.
Students will compute timber sawtimber volumes from tally sheets using 
the DBH and height measurements taken from 20 designated 
trees.  (Handout 4-2-4)

29.
Students will compute timber cordwood volumes from tally sheets using 
the DBH and height measurements taken from 20 designated trees.  (Handout 4-2-5)

Plotless Timber Cruising or Prism Cruising
The following pages describe a very convenient way of cruising timber. The method makes it unnecessary to measure or guess tree diameter, plot radius, or strip width, and it greatly simplifies office calculations. The cruiser merely stands at the center of the plot, looks through a simple tube angle-gauge and counts all trees that appear larger than the hole at the end of the tube.

Instrument
Before starting any field work, the cruiser will need to make a tube angle-gauge for optically defining an angle of 104.18 minutes with its vertex at his eye.
It is recommended that on areas under 50 acres, sampling points should be on a three chain grid.  On larger areas, a four or five chain grid is used in laying out the sampling points.  The cruiser must then visit each sampling point, look in every direction through his instrument, and count the number of trees that appear to have a d.b.h. larger than the crosspiece.  The eyepiece of the angle-gauge should pivot on the sampling point until the count is completed, except that it may be temporarily moved sideways perpendicular to the line of sight to clear nearby brush or trees likely to mask or block other qualifying trees.

Example:

Suppose that the cruiser has tallied a total of 240 qualifying trees at 30 sampling points on an area.

Estimate basal area per acre
=
10 X Number of Tallied Trees
[image: image21.wmf]
 Number of Sampling Points





=
10 X 240         

     
     30



=
80 Square Feet
Cordwood Estimates
Suppose, further, that the stand on the area is pine cordwood size in two eve-aged stands.  Qualifying trees would be counted in the same manner as above, but each age group should be tallied separately and the average total height of each group should be recorded.

For example, 100 tallied trees might have had an average total height of 50 feet, while 140 tallied trees might have had an average total height of 80 feet, assuming the same 30 sampling points were used.

Estimated Standard Cords Per Acre =  (Number of Tallied Trees) (Average Height in Feet)
[image: image22.wmf]   (20) (Number of Sampling Points)
=
(100) (50) + (140) (80)
          (20) (30)
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   16, 200   

      600

=
27 Standard Cords Per Acre
Sawtimber Estimates

Board foot volume per acre in terms of International 1/4" Rule, Scribner Rule or Doyle Rule could be estimated by multiplying tally in each merchantable length class by appropriate factor tabled below, summing the products and proceeding as indicated.  The ready-made volume factors given will satisfy the accuracy needs of most cruises.

	Merchant Length Class
	
Volume Factor



	
	Int’l. 1/4" Rule
	Scribner Rule
	Doyle Rule

	1-Log
	7
	6
	4

	2-Log
	13
	11
	8

	3-Log
	18
	16
	12

	4Log
	23
	20
	15

	5-Log
	28
	25
	21


Example:

5 Sampling Points

Tally


Scribner Rule

14


  84

15

165


  7


112
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  80

40


441

Estimate Board Ft.
= 
(100) (Sum of the Product)
                

          (Number of Sampling Points)

Volume Per Acre                =
(100) (441)

      




      (5)

           =
8,820 Board Ft. Per Acre
Variable Plot Radius or Point Sampling Concept
The 104.18 minute angle-gauge tallies all trees closer to the sampling point than 33 times tree d.b.h.  Whatever the size of the tallied tree, the instrument guarantees that it is within a plot radius determined by that particular tree’s d.b.h.

Thus, a tree with a d.b.h. of ½ foot (and basal area of 1/5 sq. ft.) would be tallied inside a plot with a radius of 16.5 feet (and an area of 1/50 acre).  The basal area of each 6-inch tree must then, be multiplied by 50 to place it on a per acre basis.  This means that such a tree would contribute (50) (1/5) = 10 square feet to the estimate of basal area per acre.

However, a tree with a d.b.h. of one foot (and basal area of 4/5 square foot) would be tallied inside a plot with a radius of 33 feet (and an area of 4/50 acre).  This means that each 12-inch tree would contribute (50/4) (4/5) = 10 square feet to the estimate of basal area per acre. 

Tallied trees of different sizes would have different basal areas, different plot areas, and different blow-up factors, but the product of each tallied tree always is 10 square feet, the constant contribution of any tallied tree to the estimate of basal area per acre.  This is why the diameter of a tallied tree and its distance from the sampling point are immaterial.

(See Horizontal Limiting Distance Chart)

Note:  Tables and concepts taken from Shortcuts for Cruisers and Scalers@, L.R. Grosenbaugh, Southern Forest Experiment Station.

HORIZONTAL LIMITING DISTANCES (FEET) FOR BAF 10 POINT-SAMPLES

	DBH (IN.)
	0.0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	5
	13.8
	14.0
	14.3
	14.6
	14.8
	15.1
	15.4
	15.7
	16.0
	16.2

	6
	16.5
	16.8
	17.0
	17.3
	17.6
	17.9
	18.2
	18.4
	18.7
	19.0

	7
	19.2
	19.5
	19.8
	20.1
	20.4
	20.6
	20.9
	21.2
	21.4
	21.7

	8
	22.0
	22.3
	22.6
	22.8
	23.1
	23.4
	23.6
	23.9
	24.2
	24.5

	9
	24.8
	25.0
	25.3
	25.6
	25.8
	26.1
	26.4
	26.7
	27.0
	27.2

	10
	27.5
	27.8
	28.0
	28.3
	28.6
	28.9
	29.2
	29.4
	29.7
	30.0

	11
	30.2
	30.5
	30.8
	31.1
	31.4
	31.6
	31.9
	32.2
	32.4
	32.7

	12
	33.0
	33.3
	33.6
	33.8
	34.1
	34.4
	34.6
	34.9
	35.2
	35.5

	13
	35.8
	36.0
	36.3
	36.6
	36.8
	37.1
	37.4
	37.7
	38.0
	38.2

	14
	38.5
	38.8
	39.0
	39.3
	39.6
	39.9
	40.2
	40.4
	40.7
	41.0

	15
	41.2
	41.5
	41.8
	42.1
	42.4
	42.6
	42.9
	43.2
	43.4
	43.7

	16
	44.0
	44.3
	44.6
	44.8
	45.1
	45.4
	45.6
	45.9
	46.2
	46.5

	17
	46.8
	47.0
	47.3
	47.6
	47.8
	48.1
	48.4
	48.7
	49.0
	49.2

	18
	49.5
	49.8
	50.0
	50.3
	50.6
	50.9
	51.2
	51.4
	51.7
	52.0

	19
	52.2
	52.5
	52.8
	53.1
	53.4
	53.6
	53.9
	54.2
	54.4
	54.7

	20
	55.0
	55.3
	55.6
	55.8
	56.1
	56.4
	56.6
	56.9
	57.2
	57.5

	21
	57.8
	58.0
	58.3
	58.6
	58.8
	59.1
	59.4
	59.7
	60.0
	60.2

	22
	60.5
	60.8
	61.0
	61.3
	61.6
	61.9
	62.2
	62.4
	62.7
	63.0

	23
	63.2
	63.5
	63.8
	64.1
	64.4
	64.6
	64.9
	65.2
	65.4
	65.7

	24
	66.0
	66.3
	66.6
	66.8
	67.1
	67.4
	67.6
	67.9
	68.2
	68.5

	25
	68.8
	69.0
	69.3
	69.6
	69.8
	70.1
	70.4
	70.7
	71.0
	71.2

	26
	71.5
	71.8
	72.0
	72.3
	72.6
	72.9
	73.2
	73.4
	73.7
	74.0

	27
	74.2
	74.5
	74.8
	75.1
	75.4
	75.6
	75.9
	76.2
	76.4
	76.7

	28
	77.0
	77.3
	77.6
	77.8
	78.1
	78.4
	78.6
	78.9
	79.2
	79.5

	29
	79.8
	80.0
	80.3
	80.6
	80.8
	81.1
	81.4
	81.7
	82.0
	82.2

	30
	82.5
	82.8
	83.0
	83.3
	83.6
	83.9
	84.2
	84.4
	84.7
	85.0


HANDOUT 4-2-1
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[image: image15.png]®* When the tree is below the observer:

1. Top reading is a + value
Bottom reading is a - value

2. Add for total height

When base of tree is below the
foot level of observer, measure
the plus angle in percent;

T measure minus angle in percent,
Tl add the two and &)u have the
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a1 |
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'1‘3| ------------------------ 13% X -oos==-"Q

Tree Below Observer

® When the tree is above the observer:

1. Top reading has a + value
Bottom reading has a + value

2. Subtract bottom reading from the top reading

When the base of tree is
above observer's eye
level, measure tota plus
angle in percent, subtract
from it the angle between
the eye level and base of
tree. Remainder is tree

.. hei§ht in percent.

' N 63.5-13.5 = 50 feet

63.5 ..  TOTAL TREE HEIGHT.
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~————
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Handout 4-2-3
Shaded areas represent 104.18 minute angle optically established by the instrument described above.  Circles represent cross sections (at breast height) of trees viewed from the sampling point.  Cruiser merely stands at the sampling point (plot center), counts every tree whose d.b.h. appears larger than the angle, and disregards every tree whose d.b.h. appears smaller.  All trees visible from the sampling point must be counted or rejected.  The count of trees, multiplied by 10, gives an estimate of basal area per acre.  In the diagram, only two trees are counted, so the basal area estimate is 20 square feet per acre.  Reliable estimates require more than one sample.
[image: image16.png]



Handout 4-2-4

	Scribner Log Rule

Form Class 78

	Tree Diameter (inches)
	Volume (board feet by number of usable 16-foot logs)

	
	1
	1.5
	2
	2.5
	3
	3.5
	4
	4.5

	10
	28
	36
	44
	48
	52
	
	
	

	12
	47
	61
	75
	85
	95
	100
	106
	

	14
	69
	92
	114
	130
	146
	156
	166
	

	16
	95
	127
	159
	185
	211
	229
	247
	

	18
	123
	166
	209
	244
	280
	306
	331
	

	20
	157
	214
	270
	317
	364
	398
	432
	459

	22
	194
	266
	338
	398
	458
	504
	544
	588

	24
	234
	322
	409
	484
	558
	611
	665
	718


Handout 4-2-5

	Volume Table for Southern Pines in Even Age Stands

Standard Cords

	Height of Dominant Stand in Feet

	DBH

inches
	30
	40
	50
	60
	70
	80
	90
	100

	
	Volume in Standard Cds. (rough) to a 4-in. top diameter

	6
	.026
	.031
	.036
	.041
	.045
	.050
	.055
	.059

	8
	.055
	.066
	.077
	.088
	.099
	.120
	.120
	.131

	10
	.090
	.109
	.128
	.146
	.165
	.202
	.202
	.220

	12
	.133
	.061
	.189
	.216
	.244
	.299
	.299
	.327

	14
	-
	.221
	.260
	.298
	.336
	.413
	.413
	.451

	16
	-
	-
	.341
	.391
	.441
	.542
	.542
	.592

	18
	-
	-
	.432
	.496
	.559
	.687
	.687
	.751

	20
	-
	-
	.533
	.612
	.691
	.848
	.848
	.927


STUDENT NOTES


__________________ - of standing trees is most commonly measured at _______________ ______________ called ______ (______________ ____ ______________ _______________). The _____ is usually measured at _____ feet above the average ground level. _________ ______________ are usually recorded in even two inch classes to facilitate volume determination.
Example of two inch Diameter Classes:

	  Class

	  Inches

	10 inch
	9.1 - 11.0

	12 inch
	11.1 - 13.0

	14 inch
	13.1 - 15.0


Various instruments used to measure diameters are:

a.
__________________________ 

b.
__________________________

c.
__________________________

A ________________ ___________ is the most consistent tool for measuring tree diameters. It is calibrated so that each inch of the __________________ side of the _________ is actually _____________ inches in length. In this way, the diameter is read directly from the __________, which is actually measuring the tree’s ______________. The _________________ technique is based upon the _______________ principle of ___________________ ________________ with the scale graduated on the stick to read directly in ___________. 

The _________________ _____________ reading is taken at _____, ____ feet from ground level.

_________ _____________ are measured in ___________, _________, or _________. Depending on the purpose the tree height is being measured for, it can be a __________ ______________ or to a specified ______ ______________ (___________________ _______________). Sawtimber is generally measured by the number of _____ ______ and _______ ______ which can be cut from the tree. A cordwood tree is usually tallied to the nearest usable _____________ _________. __________ ________ .  Minimum top diameter sawtimber is generally set at _____ inches.



Tree heights can be measured with:

a.
______________________ 
b.
______________________

c.
______________________

The ______________________ and the _____________ ____________ are the two most common instruments used in forestry to measure _________ _______________. The two common scales available on a _________________ are the ________________ scale which uses a base distance from the tree of _____ feet (or one __________) and the ____________ scale that uses a base distance from the tree of __________ feet from the tree. 
The ___________________ ___________ or __________________ can be used to measure the number of _______ ________ _______ in a tree or the number of ______ in height of the tree. Working on the principle of ______________ _______________, the stick must be held at the proper distance from the eye (usually _____ inches) when observer is standing one _________ from the tree. Your ________ should be on the same general level as the base of the tree being measured for accurate readings.
The _____________ scale on the __________ ___________ and the _______________ are read directly at ______ feet.

The _______________ scale is read directly at ______ feet. When you use the _______ scale, the height can be calculated easily at any convenient distance away from the tree. Reading _____ feet away from the tree would be _______________ by _____ to get the height.

______________ ___________ - taper of the tree is referred to as _____________ ___________.  _______________ ____________ is expressed on a percentage basis. To determine the _____________ ____________ of a tree, the _________ (____________ ___________) is measured and the __________ (____________ _________) at the top of the ________ 16 foot log is measured. Obviously, the tree must be cut or either climbed to measure the diameter and bark thickness when making a form class determination. You can use a ____________ _______________ to measure the thickness of the bark.

A tree measuring 20 inches DBH and measuring 16 inches DIB at the top of the first 16 foot log would have a form class of ________. Show your work here:

____________ _____________ has a bearing on the _________________ of a tree. _________________ _______________ are made up to reflect _________________ for a given ______________ ______________.


_______________ ______________ - or _____________ __________________ area of a tree at breast height expressed in ______________ __________. _____________ _____________ is commonly measured to determine:

a)
The degree of _______________ of a stand of trees.

b)
The amount of timber to ___________ in thinning an overstocked stand.

c)
Timber ________________ calculations.

_______________ ___________ of trees by DBH classes:

	DBH
	Basal Area

(Square inches)
	DBH
	Basal Area

Square inches)

	2
	0.022
	14
	1.069

	4
	0.087
	16
	1.396

	6
	0.196
	18
	1.767

	8
	0.349
	20
	2.181

	10
	0.545
	22
	2.640

	12
	0.785
	24
	3.142


______________ ___________ can be determined by measuring each tree diameter with a Biltmore stick, caliper, or diameter tape. The easiest way to measure ____________ _________ is using a __________ ___________ ___________ or _____________ _____________. 
Tube Angle-Gauge

1.
Before starting any field work, the cruiser will need to make a ___________ ___________ _____________ for optically defining an angle of _______ minutes with its ______________ at his ________.

2.
The _____________  _____________  ____________ is made from a piece of heavy duty _______ pipe capped at one end with a ______ or ______ peep hole bored in the center of the cap. The ______ pipe must have an inside diameter of ______ _______ and be exactly _________ long including the cap.
The procedure

1.
Place the cap with the peep hole up to your eye pointing the tube at the point where the ______ should be taken. If the trunk of the tree is ____________ than the hole at the end of the tube, the tree should be tallied. Trees ____________ than the hole should not be tallied.

2.
Draw an example of a tree that should be tallied and a tree that should not be tallied:

The procedure for using a prism:

1.
Hold the prism over the _____________ _______________at eye level.

2.
Look through the prism and count the number of trees which should be ___________________ or ___________________.

3.
Multiply the tree count by the ______________ ______________ _______________ to get the __________________ _________________ per acre in square feet.

Prisms are ground to a specified ___________ ____________ ____________. The most common factor used in the Southeast is a ______ ______________ ____________. ____________ ___________ _______________ also use an angle that makes it a _______ ______________ ____________. When using these two instruments, the number of trees tallied at a point time’s ______ gives the ____________ __________ in _____________ ____________ per acre for the sample point. When a series of points are taken, you ______________ the ____________ ________ per acre for the stand.

The purpose of a timber cruise is to ______________ the _______________  ______________ of timber on a specific area. The various types of timber cruises are:

1.
_______________________ - this method involves measuring _____ the trees on the area being cruised.

2.
_______________________ - is made by measuring a ______________ of the trees on the area being cruised and assumes the remaining trees are similar to the sample measured.
The extent or percent of the cruise is based upon the _____________  _____________ and the ___________ of the stand. When higher value products are cruised, you ________________ the intensity or ____________ cruise to get as accurate an estimation of the product you have as possible. Generally, you use a _______________ intensity cruise on small areas to assure _______________. In addition to the _________ of the woodland and the ______________ of the timber involved, the amount or percent of cruise necessary to obtain acceptable accuracies is also dependent upon the __________________ of the tract, the extent of ________________ and _____________ of the stand, the number of ______________ represented, and the ______________ of the owner. For these reasons, no two timber stands are cruised alike. In the Southeast, ______ acre ______________ plots is considered the standard. A _____ acre _______________ plot has a ______________ of __________ feet.
Steps to follow in setting up a ______ acre ________________ ________ __________:
1.
Get a ______ of the area to be cruised. If a ___________ _______ of the timber on the area is available, it will make it easier to determine the ______________ cruise you need to make. Determine the number of ___________ in the cruise area.

2.
Decide on the _____________ cruise you will make, the number of _____ acre ___________________ __________ needed, and how they will be ______________ throughout the stand.

Example: 

100 acre tract with an even age stand of slash pine timber. Since the tract is quite uniform, we decide we will make a 10% cruise of the area. Ten percent of 100 acres gives us ten acres to sample, requiring _____________ 1/4 acre plots on the area.

One-fourth of the area will have received a partial cruise. The amount of timber found on these plots multiplied by ____ _____________________ ___________________ will obtain the estimate of the ____________ _____________ ____________.
Tally Sheets for Timber Cruising

On a map or outline of the area to be cruised, plot lines and plot centers are located. We then select ____________ _____________ that will allow us to separate our _________ and record it on the _____________ ______________ by ______________ _________ and _____________ __________ as well as by ______________ (_________________, __________, and ______________).

The four log rules commonly used are the _______________, ___________________, _________________, and _________________. The advantages and disadvantages are discussed below.

A.
________________ ____________ - derived from a formula.

1.
Advantages: 

a.
________________________________________________________
2.
Disadvantages:

a.
________________________________________________________
b.
________________________________________________________
c.
________________________________________________________
B.
_________________________ ____________ - derived from a formula.
1.
Advantages:

a.
________________________________________________________
b.
________________________________________________________


c.    ________________________________________________________


d.    ________________________________________________________
2.
Disadvantages:

a.
________________________________________________________


b.
________________________________________________________
C.
__________________ __________ _________ - based on diagrams which show the number of one inch boards which can be sawed from various sized logs after allowing for waste.

1.
Advantages:

a.
________________________________________________________
b.
________________________________________________________
c.
________________________________________________________
2.
Disadvantages: 
a.
________________________________________________________
D.
_________________ ______________ _____ ________ __________ - a modified Scribner rule. The last figure in the log scale is rounded off to the nearest 10 and drop off the last digit. It is the legal rule for the State of Georgia, unless otherwise specified.

1.
Advantages/Disadvantages: _____________________________________

_______________________________________________________________

____________________ __________________ (for cordwood and sawtimber) which list the approximate wood volumes for various stick diameters and lengths have been developed for each of the four log rules discussed.

Plotless Timber Cruising or Prism Cruising

This is a very simple way of cruising timber and does not require measuring tree diameter, plot radius, or strip width. It greatly simplifies office calculations. With one method, the cruiser merely stands at the center of the plot, looks through a simple tube angle-gauge and counts all trees that appear larger than the hole at the end of the tube.  With the other method, the cruiser also stands at the center of the plot, but instead of using a tube angle-gauge, uses a prism.  Both of these methods will be discussed, demonstrated, and performed.

      
It is recommended that on areas under _______ acres, sampling points should be 


      on a ____________ ____________ _________. On larger areas, you can go to a      
_______ or __________ ___________ __________ in laying out your sampling 


      
points. The cruiser must then visit each sampling point, look in every direction     


       through his instrument, and ____________ the number of trees that appear to have 
a ______ larger than the crosspiece. The eyepiece of the angle-gauge should   


       __________ on the sampling point until the count is completed, except that it may    
 be temporarily moved sideways ________________ to the line of sight to clear 
nearby 



 ___________ or ___________ likely to mask or block other qualifying trees.

Example:

Suppose that the cruiser has tallied a total of _________ qualifying trees at ______ sampling points on an area. Figure the number of square feet basal area:

 Cordwood Estimates


Suppose that the stand on the area is _________, ______________ size in two even-aged stands. Qualifying trees would be counted in the same manner as above, but each age group should be tallied ______________ and the average ___________ ____________ of each group should be recorded.

Example:

_______ tallied trees might have had an average total height of _____ feet, while ______ tallied trees might have had an average total height of ______ feet, assuming the same _____ sampling points were used. Determine the number of standard cords per acre:

Sawtimber Estimates

A.
_____________ ___________ _____________ per acre in terms of ________________ ______ ___________, ________________ ___________, or ________________ __________ could be estimated by multiplying tally in each merchantable length class by appropriate factor, summing the products, and proceeding as indicated. The ready made volume factors given will satisfy the accuracy needs of most cruises.

B.
Example:

Five sampling points.  (From page 14)

Variable Plot Radius or Point Sampling Concept

A.
The _________ minute angle-gauge tallies all trees closer to the sampling point than 33 times tree DBH. Whatever the size of the tallied tree, the instrument guarantees that it is within a plot radius determined by that particular tree’s DBH.

B.
A tree with a DBH of ______ (and a basal area of  _____ square foot) would be tallied inside a plot with a radius of _______ feet (and an area of _______ acre). The basal area of each ____ inch tree must, then, be multiplied  by ______ to place it on a ___________ basis. This means that such a tree would contribute ______________________________ to the estimate of basal area per acre.

C.
A tree with a DBH of ______ (and a basal area of _____ square foot) would be tallied inside a plot with a radius of _______ feet (and an area of _______ acre). This means that each ________ tree would contribute ______________________________ to the estimate of basal area per acre.

D.
Tallied trees of different sizes would have different ____________ __________, different __________ _________, and hence, different ____________ _______ factors, but the product of each tallied tree basal area and its appropriate blow-up factor would always be ______ ____________ ________ --- the constant contribution of any tallied tree to the estimate of basal area per acre. This is why the diameter of a tallied tree and its distance from the sampling point are _______________.

Summary

Upon completion of Lesson 2, Timber Cruising, the students will be able to accurately estimate tree diameters and heights with a variety of forestry equipment.  The students will have the ability to draw tally symbols.  The students will estimate tree form class.  The students will also have the ability to determine basal area for a selected tract of timber.  The students will understand the various products as classified in the timber industry.  Students will also have an understanding of the basic concepts of cruising a timber tract.
Evaluation

Written Test

Laboratory Activities
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