LESSON IX B A


FOREST MEASUREMENT
UNIT
OBJECTIVE: 
The ability to measure the land area you are working with and the products on that area are vitally important to good management and marketing of your stand. Because of the many types of products found in a timber stand we will briefly cover various products and how they are measured. We will cover the various instruments and tables used to determine how much volume is in a timber stand. The definition of form class as well as how to measure tree growth will be given. Timber cruising from layout to cruise summaries will be touched on. Prism or plotless timber cruising will be discussed pointing out the differences from regular plot cruising. Various log rules commonly used in the Southeast and the advantages and disadvantages of each are discussed.

To be meaningful, forest product measurements must be linked to a specific area of forest land. This part of the lesson plan will cover the basic concepts used to determine the size in acres and shape of the areas using either basic math formulas or the dot grid method to calculate area. Marketing the timber in a way to have a successful financial enterprise is very important to the land owner. This section of the lesson plan covers the basic items needed to help insure financial success.

SPECIFIC
OBJECTIVES: 
1. Definitions of the various units used for volumes of forest products. How and where measurements are made on individual trees.

(a) Diameter 

(b) Tree Heights 

(c) Form Class

(d) Basal Area

(e) Tree Growth

2. Set up and procedure for cruising timber.

(a) Purpose of the cruise and types of cruises you can make.

(b) Setting up a circular plot cruise using 1/4 acre plots.

(c) Tally sheets and volume tables for timber cruising.

(d) Plotless or prism cruising, how it works and formulas to determine the volume of your cruise.

(e) Variable plot radius or the point sampling concept.

(f) Horizontal limiting distance table for 10 factor prism or tube.

3. Glossary of terms related to forestry and timber cruising.

4. Listing of log rules commonly used in the southeast with the advantages and disadvantage of each log rule.

5. Land measuring, how it relates to forestry and the basic types of formulas and methods used to determine the shape and size of the timber stand.

6. Outline of the basic procedure to follow in order to insure success in selling your timber on the open market.

(a) What is there to sell?

(b) Can it be sold?

(c) What are the future plans and goals for the area being harvested?

(d) Steps to follow in preparing the timber sale.

(e) Cruise of the tract of timber for the sale.

(f) Steps to follow in merchandising the timber sale.

(g) Executing a timber contract.

OBJECTIVE I.
Measurements of individual trees must be made to determine the volume of wood in each tree. The sum total of the individual tree volumes give you the total volume of the stand. We call this a cruise. In forest managements we have a variety of units used to arrive at the tree or stand volume.

Some of these units are:

Board Foot -- A piece of wood 1 foot square and 1 inch thick. The board foot unit is generally used to measure sawtimber and veneer. Both timber and lumber are sold by the thousand board feet. Abbreviated MBF.

Cubic Foot -- A cube of wood 1 foot on each side. It contains about six board feet and is used to measure all kinds of timber products.

Cord -- A stack of wood including air space between the pieces, which measure 4 feet by 4 feet by 8 feet, or 128 cubic feet. This is accepted as a standard cord in the United States and Canada. Solid wood content, less the air spaces is about 80 cubic feet.

Cunit -- A stack of wood containing 100 cubic feet of solid wood.

Piece -- A unit of measure which refers to the number or quantity of timber products of a specified dimension.

Linear Feet -- Some forest products are measured in terms of the length in feet.

Basal Area -- A unit of measurement for standing timber to indicate the degree of stocking. It is the cross--sectional area of trees at breast height or 42 feet above the average ground line. Basal area is expressed in square feet and may apply to individual trees or all trees on an acre basis.

Weight -- Measuring volume by weight has become quite common in the pulp and paper industry. Comparison studies between scaled volumes and weighed volume were made to determine the proper weight factors for local areas. Softwoods, the pines, ranged from 4,800 pounds to 6,400 pounds per cord, averaging out to around 5,500 pounds in South Georgia per cord. 

Hardwoods ranged from 5,000 pounds to 6,100 pounds, with an average of 5,700 pounds per cord for Georgia. Studies in the Southeast show an average of 15,300 pounds per MBF of pine sawtimber using Scribner Decimal C log volumes. Hardwood sawtimber averaged 14,130 pounds per MBF of timber.

(a) Diameter 

Diameter of standing trees is most commonly measured at breast height called DBH. The DBH is usually measured at 42 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

Various instruments used to measure diameters:

(1) Biltmore stick

(2) Diameter tape

(3) Tree calipers

A diameter tape is the most accurate 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 42 feet from ground level.

(b) Tree Heights 

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 pulpwood tree is usually tallied to the nearest usable pulpwood bolts. Bolts may be 4 feet, 5 feet or 5 feet 3 inches, depending on the pulp mill specification in the area. Minimum top diameter pulpwood is generally set at 4 inches. Tree heights can be measured with:

1. Clinometer 

2. Abney 

3. Biltmore stick
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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 hyposometer 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.

c. Form Class

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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Form class has a bearing on the volume of a tree. Volume tables are made up to reflect volumes for a given form class.

d. Basal Area

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.)
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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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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 give 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.

e. Growth of a Tree

The growth of trees is often measured in relation to time. The age of a tree can be determined by counting the annual rings on a cross section of the stem (stump face). The annual ring will not appear, however, if the cut section is above the seedling height for the first few years. An estimation must be made of how many years it takes the seedling to get to the height where the ring count is made to get the actual age of the tree. Likewise, increment borings reflect only the age of the tree after it attains the height at the point the boring was made. Diameter growth can be measured on a cut face or increment boring in terms of rings per inch or inches per ten rings. The term applied to the average growth per year for the last ten years is Current Annual Increment (CAI).

Mean Annual Increment is the average annual growth of the tree based on the entire life or age of the tree. The average growth rate expressed as (MAI) and (CAI) is very helpful in Forest Research and Forest Management. The accepted method in the United States for determining forest site quality is on the basis of average total height attained by dominant trees at certain ages. This is called site index.

OBJECTIVE II.
TIMBER CRUISING
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 3 acre circular plots is considered the standard. A 3 acre circular plot has a radius of 58.88 feet.

Steps to follow in setting up a 3 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 3 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 3 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: 
Forty 3 acre plots 

100 acres 10% cruise 20 Chains
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Cruise lines should run at right angles to drainage or other natural features to obtain representative samples.

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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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. 

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

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

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'

Formula for computing Total Basal Area:

Sum of the diameters Squared 

Basal Area (Sq. Ft.) = 

183.3456

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.

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. See example.
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Plotless Timber Cruising   [See Figure 1]

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, of course.

Figure 1
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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: image22.wmf]
                    
Number of Sampling Points




=
10 X
          240         

          30

=
80 Square Feet

Pulpwood Estimates
Suppose, further, that the stand on the area is pine pulpwood size in two eve-aged stands.  Qualifying would 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, 10 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: image23.wmf](20) (Number of Sampling Points)

=
(100) (50) + (140) (80)
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(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

[image: image28.wmf]Estimate Board Ft.
= 
(100) (Sum of the Product)
(Number of Sampling Points)
[image: image29.wmf]Volume Per Acre
=
(100) 
441
(5)
=
(100) (88.2)

=
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 2 foot (and basal area of 1/5 sq. ft.) would be tallied inside a plot with a radius of 16 2 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 hence, different blow-up factors, but the product of each tallied tree always be 10 square feetC 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 chart]

Note:  Tables and concepts taken from AShortcuts 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
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