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INTRODUCTION

Point sampling is an efficient way of estimating
the basal area and volume of forest stands. It is
widely used because it is simple and econo-
mizes on field time. Point sampling can be done
in different ways depending on the kind and ac-
curacy of information wanted. It is often used in
three different situations in forest management:
in stand reconnaissance to provide rough (preci-
sion = 30%) but unbiased estimates of species
composition, basal area and volume; in com-
partment examination to provide more accurate
estimates (precision = 10%) of site and stand
characteristics needed for management plan-
ning; and in timber appraisal where still more
accurate estimates (precision = 5%) of mer-
chantable timber volumes are wanted.

How POINT SAMPLING WORKS. In point sam-
pling, the area sampled is different for trees of
different sizes. This is done by viewing trees
around a sample point through an angle gauge
or prism. Figure 1 shows the basic idea. When
the angle used is 1.736 degrees, any 10-inch
tree within 27.5 feet of the sampling point will
appear larger than the projected angle, and so
will be selected for sampling. Thus, 10-inch
trees are sampled over a circular plot of 0.05454
acres.

Larger trees are sampled over a larger area. A
20-inch tree will appear larger than an angle of
1.736 degrees out to 55 feet from plot center,
indicating a sampling area of 0.21816 acres,
twice the radius and four times the area sampled
for 10-inch trees. The unique feature of point
sampling, then, is that trees are sampled with a
probability proportional to their basal area. So
the area sampled for large trees is much greater
than the area sampled for small trees. Point
sampling concentrates on the larger trees which
contribute most to basal area and volume.

Figure 1 also demonstrates another interesting
and useful characteristic of point sampling.
Each sample tree--each tree larger than the pro-
jected angle--represents a fixed basal area per
acre regardless of its size. Each sample tree
represents a basal area of 10 square feet per
acre for an angle of 1.736 degrees. Ten square
feet is that angle’s “basal area factor” or BAF.
So the average number of sample trees per
point, multiplied by the basal area factor, gives
an estimate of basal area per acre.

Figure 1
How Point Sampling Works
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PRISMS

The prism is the most widely used instrument in
point sampling, although various kinds of angle
gauges also are used. Prisms with a basal area
factor of 10.0 are commonly used in Michigan.
However, prisms can be purchased with differ-
ent basal area factors, and it is sometimes use-
ful to have a 20-factor prism as well as a 10-
factor one. Then you can use the prism which
will produce a count of 5 to 10 trees per point.
Use the 10-factor prism for stands with basal
areas up to 100 square feet per acre, and the
20-factor prism for stands with more than 100




square feet of basal area per acre. Do not
change prism BAF from plot to plot within a
stand. This just makes calculations more com-
plicated.

When you first receive your prism, measure its
basal area factor accurately. There’s a proce-
dure for doing this in the appendix. If your prism
is more than 1 percent away from its intended
basal area factor, return it for another until you
get one that's right. Don’t use an uncalibrated
prism. It will cause an unknown amount of sys-
tematic bias. And, don’t use a calibrated prism
which is more than 1 percent off, or you will
have more work to do in calculating basal areas
and volumes.

Figure 2
A Prism Holder
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Currently, prisms are sold without a mounting.
They are simply wedge-shaped pieces of glass
of various shapes. Prisms need mounting so
that they can be accurately pivoted from the
horizontal for sampling on sloping ground. Fig-
ure 2 shows drawings for a mounting you can
make yourself. The mounting should be at-
tached to a staff which positions the top of the
prism at 4.5 feet above the ground. This will
help you use the prism correctly.

SAMPLE SIZE In stand reconnaissance, take 3
to 7 well-spaced point samples, depending on
stand size. For compartment examination, take
10 to 100 point samples according to the follow-
ing schedule.

SIZE OF STAND NUMBER OF SAMPLING POINTS

Acres

0-10 10

11-40 1 point per acre
41-80 40 + (acres — 40)/2
81-240 60 + (acres — 80)/4
240 + 100

This schedule usually will provide a 10 percent
precision of estimate, at the 90 percent confi-
dence interval, for stands of 40 acres or more.
You must take approximately four times this
number of samples if you wish to achieve a 95
percent confidence interval. See the appendix
for more on sample size.

LOCATING SAMPLE POINTS. Sample points can
be located randomly or systematically within the
stand. However, systematic sampling usually is
used because it is easier and less time consum-
ing. Sample points are evenly spaced along
parallel cruise lines oriented to cross contour
lines approximately at right angles. This pro-
vides a distribution of sample points which have
a good chance of encountering varying stand
conditions in proportion to their occurrence.

Sampling studies indicate that systematically
located points usually provide estimates with
equal or even greater precision than an equal
number of random sample points. So, random
sampling formulas for calculating sampling
means and variances are commonly applied to
systematic samples, even though the statistical
assumptions or random sampling are not met.

All plots should be located at least one chain
from stand boundaries to avoid edge bias. Edge
bias occurs when a point is located close
enough to a stand boundary so that part of the
area sampled falls outside the stand.

SELECTING AND
MEASURING
SAMPLE TREES

SELECTING SAMPLE TREES. Figure 3 shows how
a prism displaces the image of a tree. Sample
trees are those which the prism displaces less
than their full width at dbh. Use your prism care-
fully and correctly to avoid significant systematic
measurement error:

Locate and sight your prism correctly. The
prism is held 4.5 feet above the sampling
point, and rotated in that position. If you use
a staff with your prism holder it will help you
rotate the prism correctly. If you stand up-
right to sight through your prism, you will
tend to site trees at your eye level rather
than at 4.5 feet above the ground. This
means that you will systematically under-
count.

If a point falls on sloping ground, determine
the maximum slope percent perpendicular to
the contour through the sampling point.
Then pivot your prism from the horizontal by




the percent indicated in appendix Table A2.
If you make a prism holder like the one in
Figure 2, you can set the necessary prism
angle directly from the slope percent read-
ing. Pivoting the prism reduces its basal
area factor and gives an enlarged sampling
circle on the slope. This projects to a hori-
zontal elipse of the proper sampling area.
Make this adjustment for points with slopes
of 15 percent or more.

Figure 3
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Sometimes, it's hard to tell whether a tree
should be counted or not. In stand recon-
naissance, simply count every second bor-
derline tree. However, in sampling where
more accuracy is needed, measure the dis-
tance on the ground between the sampling
point and the midpoint of the borderline tree.
Then measure its dbh, and refer to appendix
Table A4 to see whether it should be
counted. This same procedure can be used
for leaning or fallen trees by measuring to
where the midpoint of the tree would be if it
were upright. If you do not measure border-
line trees, you will consistently undercount.

Be sure to check for trees which ae hidden
or masked by other trees closer to the sam-

pling point. Move away from the sampling
point on an arc to check masked trees.

Sometimes the same large tree will be a
sample tree from two separate sampling
points. That's ok. It should be counted &
both points.

MEASURING SAMPLE TREES. Sample tree meas-
urements depend on the information needed.
Part of cruise planning is to determine exactly
what site and stand characteristics are needed.
Don’t go out in the woods until you've decided.
Here are the measurements you need to esti-
mate various site and stand characteristics.

Basal Area: count the number of sample
trees at each sampling point.

Species Composition: record the species or
species group of each sample tree.

Number of Trees per Acre and Diameter
Distribution: measure the dbh class of each
sample tree. If there are 40 points or more,
dbh can be recorded at every second point.

Total Cubic Foot Volume of Stemwood:
measure the total height of the dominant or
codominant tree closest to each sampling
point.

Site Index and Main Stand Age: record the
age at dbh and the total height of the domi-
nant or codominant tree closest to every nth
sampling point, so that 5-10 trees are meas-
ured.

Merchantable Volume: estimate by eye the
merchantable length of each sample tree, in
16-foot sawlogs and half logs, or in 8foot
pulpwood bolts. If the cruise is for timber
appraisal, measure Girard form class and

estimate cull percent for the merchantable
tree closest to each sampling point.

Stand Growth Rate: measure dbh and 5-
year radial growth for each sample tree. |If
there are 40 points or more, these meas-
urements can be made at every second
point.

Figure 4

Point Sampling Tally Form
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County Twp/Rng Sec
Owner Compartment

Stand Description

Pt. Logs/ | Top Other
No. | Spp. | Bolts | Sticks | Tree Data

Measurements of diameter and radial growth are
time consuming and should not be done rou-
tinely. These measurements must be taken if
you wish to make a stand table projection.
However, secondary sources of growth informa-




tion (such as yield tables and functions that do
not require individual tree data), usually are
available and will provide a reasonably accurate
estimate of stand growth rate. Also, if the stand
has been measured before, a comparison of
stand volume “then” with stand volume “now”
provides the best estimate of periodic stand
growth.

CALCULATIONS

One of the advantages of point sampling is that
most calculations are easy to make.

1, BASAL AREA PER ACRE:
BA/acre = BAF (Total Tree Tally/Number of
Sample Points)
Example: 10(359/48) = 74.8 square feet
per acre

2. TOTAL CuBIC FOOT VOLUME
OF STEMWOOD PER ACRE:
Cuft./acre = 0.42 (BA/acre) (Ave. Tot. Hgt.)
Example: 0.42(74.8) (62) = 1,948 cuft./acre

3. CORDWOOD VOLUME PER ACRE
— PRELIMINARY ESTIMATE
Rough cords/acre = (Ave. Tree Tally/Point +
Avg. Bolt Tally/oint) / 2
Example: (7.5 + 26) / 2 = 16.75 cords/acre

4. SAWTIMBER V OLUME PER ACRE
— PRELIMINARY ESTIMATE
Scrib. MBF/acre = 0.6 (Avg. No.r of Sawlogs
per Point)
Example: 0.6 (12.4) = 7.4 MBF per acre.

The merchantable volume calculations above
(calculations 3 and 4) provide preliminary esti-
mates only. More accurate estimates of volume
are needed for compartment examination and
timber appraisal. They can be made by classify-
ing sample trees by merchantable height class,

and using a separate volume factor for each
class from appendix Table A4. Table 1 illus-
trates this calculation procedure, as well as the
procedure for estimating the number of trees per
acre by diameter class. The data in Table 1 rep-
resent a sample of 48 points.

Table 1

Calculation Procedures
for Point Sampling

Merchant. No.of Average Volume Volume
Hgt. Class Trees  /Point Factor  /Acre
(16" logs) (48 pts) (Table A4)  (Mbf)
1.0 43 0.896 750 672
15 184 3.833 1050 4024
2.0 110 2.292 1350 3094
2.5 15 0.312 1600 502
3.0 7 0.146 1870 273
| Total 8565
DBH No. of Average Expansion Trees
Class Trees  [Point Factor  /Acre
(inches) (48 pts) (Table A5)
10 40 0.833 18.3 15.2
12 111 2.312 12.7 29.4
14 123 2.562 94 24.1
16 63 1.312 7.2 9.4
18 15 0.312 5.7 1.8
20 7 0.146 4.6 0.7
| Total 80.6
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APPENDIX

PRISM CALIBRATION P ROCEDURE

The following procedure, adapted from Dilworth
and Bell (1977) will allow you to determine accu-
rately the actual basal area factor of a prism.

1. Set up a target exactly one foot in width on a
true vertical backing of contrasting color, at table
height.

2. Place a table on a line extending from the tar-
get at 90 degrees, so that its center is 33.0 feet
from the target for a 10-factor prism, and 23.4
feet from the target for a 20-factor prism.

3. Tape a large sheet of blank paper to the table
top, and on the paper draw the line of sight ex-
actly perpendicular to the target.

4. Move the prism along the line, and at right
angles to it, until the target width is exactly dis-
placed. Mark this position on the paper. Repeat
the alignment at least five times, marking the
point of alignment each time.

5. Measure the distance from the target to each
alignment mark on the paper, and average these
distances to the nearest 1/1000 foot.

6. Calculate the prism’s actual basal area factor
using the following formula:

BAF = 43,560/1 + 4(d?)
when d is the average distance in feet

For example, if the average of distances were
32.897 feet, then

BAF = 43,560/4, 329.850 — 10.06

For example, if the per acre volume estimates
for the first five sampling points were: 12.1, 16.4,
9.2, 11.7 and 20.3 cords per acre, then average
volume is 13.9 cords, the standard deviation is
4.4 cords and the coefficient of variation is
100(4.4/13.9) = 32%. Sample size can be ad-
justed after some samples have been taken by
estimating the coefficient of variation in this way,
and referring to the table above.

Table A1

Sample Sizes
for Point Sampling

Coeff. of Desired Precision
Variation of Estimate
(percent)
30% 10% 5%
Sample Needed When Probability = 90%
30 1 9 36
40 2 16 64
50 3 25 100
60 4 36 144
70 5 49 196
80 7 64 256
90 9 81 324
100 11 100 400

DESIRED PRECISION: Usually taken as 30% for
stand reconnaissance, 10% for compartment
examination, and 5% for stumpage appraisal.

COEFFICIENT OF VARIATION: The variability of the
stand being sampled is defined as the standard
deviation of samples expressed as a percent of
the mean. Standard deviation is given by:

SD = dS(x-x)Z/n-l

NUMBER OF SAMPLES NEEDED: The table shows
the number of sampling points needed when the
confidence interval is 90 percent. A 95 percent
confidence interval requires four times as many
samples as is indicated in the table.

Table A2

Prism Rotation on Slopes

Slope % | Rotation % [ Slope % | Rotation %
15 11 60 41
20 14 65 44
25 18 70 47
30 21 75 50
35 24 80 53
40 28 85 56
45 31 90 59
50 34 95 62
55 38 100 65
Table A3
Volume Factors
4-inch top
Merchant. | Cordwood | Gross Sawtimber Volume

Length Volume ™3¢ 71/4" T Scrib. | Doyle

0.5 0.9 390 280 150

1.0 15 750 530 280

15 2.1 1050 790 480

2.0 2.6 1350 1110 740

2.5 3.0 1600 1330 940

3.0 3.4 1870 1580 1220

3.5 3.7 2100 1830 1480

4.0 4.1 2400 2080 1750

4.5 2650 2290 1990

5.0 2800 2560 2300

These volume estimates apply when a 10-factor
prism is used. Double these estimates when
using a 20-factor prism. The sawtimber volume
estimates assume a Girard form class of 78.

Adjust the estimates by three percent for every
point of departure from 78. These estimates
also assume a one-foot stump height and a
variable top diameter not less than 6 inches for
conifers and aspen, and not less than 8 inches
for other species.




Table A4

Table A5
Qualifying Distances :
for BAF=10 Tree Expansion Factors
Distance on the Slope When the Slope Percent is:
DBH o] 10| 20] 30| 4] s0] 60| 70| 8] 9 Expansion Expansion
Inches Distance in Feet DBH Factor DBH Factor
1 27 28 28 28 29 29 3.0 3.0 3.1 3.2 Inches | No. oftrees | Inches | No. of trees
2 5.5 5.5 5.6 5.6 5.7 5.8 5.9 6.1 6.2 6.4 1.0 1902.2 19.0 5.1
3 8.2 8.3 8.3 8.4 8.6 8.7 8.9 9.1 9.3 9.6 2.0 458.4 20.0 4.6
4 11.0 11.0 11.1 11.2 114 11.6 11.9 12.2 124 12.8 3.0 206.2 21.0 4.2
5 13.7 13.8 13.9 14.0 14.3 14.5 14.8 15.2 15.6 15.9 4.0 1146 22.0 3.8
6] 165 165[ 167| 169 171| 174] 178| 182] 187[ 191 5.0 733 23.0 35
7] 192] 193] 194| 197 200] 204 208] 213 218[ 223 6.0 50.9 24.0 3.2
8] 220 221] 222| 225 228| 233] 238| 243 249] 255 7.0 374 25.0 2.9
9| 247| 248] 250| 253 257| 262| 267 273 280[ 287 8.0 28.6 26.0 2.7
10] 275 276| 278| 281| 285[ 201| 297 304| 311] 319 9.0 22.6 27.0 25
11] 302] 303] 305] 309] 314] 320| 327 334[ 342] 351 10.0 18.3 28.0 23
12| 330[ 331 333| 337| 342| 349| 356 365[ 37.3| 383 11.0 152 29.0 2.2
13 35.7 35.8 36.1 36.5 37.1 37.8 38.6 39.5 40.5 415 120 12.7 30.0 2.0
14 38.5 38.6 38.9 39.3 40.0 40.7 41.6 42,5 43.6 447 13.0 10.8 31.0 19
15 41.2 41.4 41.7 42.1 42.8 43.6 445 45.6 46.7 47.8 140 9.4 32.0 18
16 44,0 44,1 44.4 45.0 45,7 46.5 475 48.6 49.8 51.0 15.0 8.1 33.0 17
17 46.7 46.9 47.2 47.8 48.5 49.4 50.5 51.7 52.9 54.2 16.0 7.2 34.0 16
18 49,5 49.6 50.0 50.6 51.4 52.3 53.5 54.7 56.0 57.4 17.0 6.3 35.0 15
19 52.2 52.4 52.8 53.4 54.2 55.2 56.4 57.7 59.1 60.6 18.0 5.7 36.0 14
20 55.0 55.1 55.5 56.2 57.1 58.2 59.4 60.8 62.2 63.8
21 57.7 57.9 58.3 59.0 59.9 61.1 62.4 63.8 65.4 67.0 The factors in this table are for a 10-factor prism.
22 60.5 60.7 61.1 61.8 62.8 64.0 65.3 66.8 68.5 70.2 Double these factors when using a 20-factor
23 63.2 63.4 63.9 64.6 65.6 66.9 68.3 69.9 71.6 734 prism.
24 66.0 66.2 66.7 67.4 68.5 69.8 71.3 72.9 74.7 76.6
25 68.7 68.9 69.4 70.2 71.3 72.7 74.2 76.0 71.8 79.7
26 715 71.7 72.2 73.1 74.2 75.6 71.2 79.0 80.9 82.9
27 74.2 74.4 75.0 75.9 77.1 78.5 80.2 82.0 84.0 86.1
28 77.0 71.2 71.8 78.7 79.9 81.4 83.2 85.1 87.1 89.3
29 79.7 79.9 80.5 81.5 82.8 84.3 86.1 88.1 90.2 925
30 82.5 82.7 83.3 84.3 85.6 87.2 89.1 91.1 934 95.7
31| 82| 855 81| 871 885 901| 921] 942] 965 989 MICHICAN STATE
32| 80| 882| 889| 899 913] 930] 950| 972 996] 102.1 iniwveirsity MSUUpperPeninsula
33| 907 919| o916| 927 942] 96.0] 980 1003] 102.7| 105.3 EXTENSIOMN  Forestry Extension Office 8/99.
34 93,5 93.7 944 955 97.0 98.9| 1010 1033 | 1058 | 1085 Michigan State University programs and materials are open to all
35 96.2 96.5 97.2 98.3 99.9 101.8 103.9 106.3 108.9 111.6 without regard to race, color, national origin, gender, religion, age,
36 99.0 992 | 10001 10121 10271 10471 10691 10941 11201 1148 gtlz?l?slllty political beliefs, sexual orientation, marital status, or family




