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AI IHTRODUCTION TO PaIHT SAMPLIJIG 

b7 

C. L. Kirb7 

DTROOUCTIOR 

A revolution in forest sampling procedures is taking place. 

The new method which is causing this revolution has IIELnT names, but for 

the purpose at this thesis it will be referred to as point sampling. 

Wbether the instruaent be a stick relascope or a wedge prism, its basic 

use is to estimate basal area per acre from a sampling point without a 

fhed plot. area. Point sampling .thods mq be used to determine vol __ , 

growth, stem taper, and silvlcultural treatment. Although point sampliDa 

is a radical departure from. plot.s with a definite area, its use hu be­

come widespread. The method is simpler than standard plot. procedures and 

it saves a substantial amount of field and ccmputation time, reduces per­

sonal errors and provides a better sample of the larger trees. In fact, 

much of the forest inventory in the United states and Canada is now done 

b1 this method. 

The method, as applied to forest17, was first proposed b7 

Bitterl1ch (1949), an Austrian forest.later. Keen (1950) of England 

showed how volume and basal area per acre could be determined. 

Groeenbaugh (1952, 1955, 1957, 1958), an American forester, was the 

first to bring the idea to North Amarica and he has further extended 

the application of point sampling. 
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ItJSTRUMEIft'S 

A wide variety of instruments f or point sampling are on the 

market, ranging in price from two dollars to one hWldred dollars. Thq 

are all angle gau.',es, and trees that a re larger than the angle defined 

by the angle gauge are selected as sample trees at the sample point 1n 

the forest (see Figure 1). Only the two most promising instruments -

the tlSpiegel-Helaskop" and the wedge prism - will be discussed in this 

section. 

f7 oS viewt!d throuqh a Relascope 

Don't 
7i2l1y 

or 

Tally 

�s view�d by a wedql! prism 

Don't Tally Tally Bord(!rl,". iJftk,.",jlltt 
II 11'6'$ aI'W ,. Ie- IfIIlIttHI 
by m«1su,...,."t. 

rIOURB 11 YIIWDG or ftIIS THROOOH STICK RBLASCOPI AJID PftISII 

The best instrument is, or course, the one built for the job, 

and it is called th e tlSpiegel-Relaskop". This instrument pennits different 

critical angles to be used for various timber types and autanatically adjusts 

for slope, which mq cause a discrepancy if not accounted for. It can also 

be used as a bypt.eter and a rangefinder, but its main use and advantage 

is as an angle gauge. Wedge prisms and abney lev�ls can accanplish ,dth 

just as much accuracy most of the other uses of the flSpiegel-Relaskop". 
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A3 an angle gaugp., the manufactured instrument is very good and its 

automatic slope correction is highly desirablo. The main dis adv�ntages 

are its price (nearly one hundred dollars) and the poor definition of 

trees in s t:mds when the light intensity is low or wh·:m sighting through 

the instrument into the Slill. 

A simple wedgp. prism described by Bruce (1955) may bp, sufficient 

where the terrain is relatively flat. A prism is a pieco of glass ground 

to form a wedge. Prisms are calibrated in diopters and one diopter is 

define d as giving a right-angled deflection of one unit per one hundred 

units of distance. A prism of 3.03 diopters displaces one unit in 33 

and has a basal area factor of 10. 

Since: 1 unit of displacement in 100 = 1 diopter, a 3.03 diopter 

lens will therefore displace 1 unit in 100 = 33 units. 
3.03 

Bower et al (1959) found that horizontal rotation of a prism 

can easily chan ge the resultant strength of a woctge prism.. They fOlmd 

that by mounting a prism on a piece of lucite or other plastic (see 

Figure 2) 

I 
I 
I 

FIGURE 21 A PRISM MOUNTED ON wen'! WITH SIGHTING LINE. 
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an exact basal aroa factor m� be obtained. It may also be possible to 

have a priem so mounted that rotati on of the prism on the lucite base 

could give different basal area factors. In extremely cold climates the 

glass prism usually separates from the lucite base at the bond line due 

to different coefficients of contraction. 

The use of a prism or relascope and a tape to check doubtful 

treee on elopes, or those hidden by brush and other obstacles in the line 

of sight, is probably the most accurate method for point sampling. Regard­

less of what angle gauge is used, the instrument is only a guide, and for 

best results borderline trees are checked b,y measurement to determine 

whether they are to be selected for a particular point sample. For rela­

tive� flat country where horizontal distances can usuall;r be measured, 

a hundred-foot steel tape with special graduations on one side ma;y be 

used. For a basal area factor of 10, one would simply find maximum dis­

tances on the tape at which various diameters could be included in the 

point sample. 

For examples 

6" - 2.75' X 6" - 16.50. At 16.50' - 6" would be marked on the opposite 

side of the tape. 

7" - 2.75' X 7" - 19.25'. At 19.25' ... 7" would be marked on the opposite 

side of the tape. 

With a tape graduated in diameters it would then not be necessar,y 

to perform this multiplication to compute the maximum plot radius for 

specific diameters each time a borderline tree is encountered. A manu­

factured tape for this purpose is now on the market for approximately $50.00. 
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For trees on a slope, the slope angle and tree diameter should 

be measured. The maximum slope distance that a tree may be out from 

the plot centre would be: 

A convenient computer for the above equation is presented b,y Stage (1959). 

(See Figure 3). 

When measurements along the slope are made to check borderline 

trees and no corrections for horizontal distances are made, the following 

correction factors are applied (Grosenbaugh, 1955): 

Slopes of 10.0 - 17.4 percent correction f actor 1.01 

Slopes of 17.4 - 22.5 percent correction factor 1.02 

Slopes of 22.5 - 26.7 percent correction factor 1.03 

The basal area, volume and/or number of trees calculated from unadjusted 

angle gauge tallies are then multiplied by slope correction factors. Slopes 

of 17 percent or less only introduce an error of one percent. Without 

correction for slope the estimates of point sampling would be biased on 

the conservative side. 

A wedge prism can be obtained at any place where f11e glasses are 

ground for approximately two dollars. The main disadvantages are: 

(1) Bo slope correction 

(2) Contusion of trees to be counted in dense stands. 

If proper care in the use of the prism is taken, it can give results as 

reliable as more expensive instruments. 

Bo matter what angle gauge is used, the same procedure is valid. 

In the field trees are simply counted as in or out, using the angle gauge. 

If the angle gauge has a basal area factor of 10, then 10 times the number 
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ALBERT R. STAGE 
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of trees counted within the point sample will give the basal area per acre. 

HOW THE METHOD WORKS 

The method is most easily explained with a relascope constructed" 

from. a rod with a blade. Any angle gauge simpll' insures that there be 

a certain ratio of tree diameter (d) to plot radius (R) (see Figure 4). 

The basal area f actor is 10 when the blade width is one inch and the rod 

length i. 33 inches. To maintain this ratio of tree diameter to plot 

radius one could ,iust as well go out and measure the di stance to each 

tree, and in some areas where point sampling has been very successful 

the distance out to any doubtful tree is measured (Grosenbaugh and Stover, 

1957). For a 10 basal area factor, 2.75 times the tree diameter in inches 

gives the ma.x::imtD plot radius in feet; e.g. a 12-inch tree must be within 

a plot radius of 2.75 x 12 inches - 33 teet. For determining the tactor: 

Plot radius factor - }faximum plot radius in teet for a given tree diameter 
Tree diameter in inches 

:: s",,' 

i.e. 33 teet 
12 inches 

," 

- 2.75 

rod ". .. p"" "'ad" 
JJ" 

I: , , ' - ;b.;,;. 
61, /·o-d 

J) , 'F" 
A 4; �' 

A 

FIGURB 41 A STICK RELASCOPI 

fP 
.I���d 

Figure 5 presents the maximum plot radius over tree diameter relationships 

tor basal area factors or 5, 10, 20 and 40. 
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FIGUltE 6: OIDtEl'RIC RELATIONSIPS OF THE RELASCOPE 

The mathematios involved in determining the basal area faotors 

and plot radius faotors are d erived from the following relationships: 

. From Figure 6: 

(1) AB:AC - DE:FO 

The substitution of FG for tree diameter introduces a small error of 0.01 

peroent for a re1ascope with a 1:50 ratio. Keen (1950) presents the fol-

lowing mathematical relationships. In a complete enumeration sweep of 

360 degrees with radius AC in which all stems of diameter Fa will be 

counted, the sampling area has a diameter of 2AC. (Plot radiuB will 

vary with diameter). (See Figure 5). 
2 (2) The sample area = 11 (2AC) 

(3) The stem basal area is n (FO)2 

(4) Stem basal area - FG2 
Sample area 4AC2 

From equation (1) Fa - !?! 
AC AB 

Let DE - 1 inch and AB - 33 inches: 

Stem Basal Area - ( 1)2 - 1 
4(33)2 4,356 

For oonverting to a convenient area basis: 

Stem Basal Area - Stem Basal Area Per Aore 
Sample Area 1 Aore 

Stem basal area per acre of one tree sampled - (1)2 x 43,560 - 10 sq. ft. 
4(33)2 
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Similarly, each tree sampled in a relascope sweep is equal to 

10 square feet of basal area when an angle gauge with a displacement of 

1 in 33 units is used. If n trees are counted then (n)(lO) equals the 

total stand basal area per acre. 

For determining the basal area factor of a stick relascope the 

same relationships hold (see Equation 5) and the following formula is useds 

Basal area factor - blade width 
2 x 43,560 

4 rod length 

. Manasiev (1955) explained how point sampling determines basal 

area as follows (this explanati on in IIl1' opinion is much easier to under­

stand than leents (1950) geometric explanation or Grosenbaugh's (1952) 

(1958) probability explanation): 

(1) When using a relascope with a basal area factor of 10, 

suppose only one 12-inch tree were counted in one complete sweep with a 

relascope. One could inter that there is only one l2-inch tree within 

a circle with a radius or 33 feet. 
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The plot area of a circle with a radius of 33 feet is II r2 -

3.146 x (33)2 - 3,426 square feet �.078 acres. 

There are 43,560 square feet in an acre. Therefore, there are 

43.560 - 12.73 trees per acre. 
3,426 

The basal area of a 12-inch tree - .785 square feet. TIlerefore, 

the basal area per acre - .7854 x 12. 73 - 10.00 square feet per acre. To 

obtain the basal area per acre take the number of trees counted, which in 

this particular case is one tree, and multiply by the basal area factor 

or 10 and you get basal area per acre of 1 x 10 - 10 square feet per acre. 

(2) Similarly, a 24-inch tree would be within a circle with a 

radius of 66 feet. A plot with a radius of 66 feet has 13,685 square feet -

. 314 acres. There would then be in 43,560 square feet (1 acre) 3.18 trees 

per acre. The basal area of a 24-inch tree - 3.1416 square feet. The 

basal area per acre - 3. 18 x 3.1416 ... 10. 0 square feet per acre. 



- 12 -

Essentially this explana tion is a ratio when the tree sel ected 

is out the maximum allowable distance as defined by the angle gauge. The 

ratio is the basal area of the tree selected and the area of a circle 

whose radius in feet when a basal area factor of 10 is used is 2.75 x 

d.b.h.o.b. in inches. This is 1 square foot of tree basal per 4,356 

square feet or 10 square feet of basal area per acre. Therefore, the 

number of trees counted in a point sampling sweep when multiplied by 10 

gives the basal area in square feet on a per acre basis. 

When trees are not out the maxiRum allowable distance from the 

sampling point Grosenbaughts (1952) probability approach is best to 

explain the theory of point samplingo Here the most important pr�se 

of point sampling is emphasized, and that is that sampling is proportional 

to basal area. To explain his probability approach all trees are encircled 

with rings whose radius in feet are 2.75 x d.b.h. in inches, when an angle 

gauge with a basal area factor of 10 is used. 

o 
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Those trees whose rings encircle the stmlpling point are selected for 

that point sample, and the probability that any one tree being sampled 

is thus proportional to its basal area. Therefore, the sampling is 

concentrated on the larger trees. 

The probability of each tree being sampled in a given form 

tract may be expressed as follows. 

Area of circle around a tree of given d.b.h. 
Area of forest tract 

Let the diameter of the circle around a tree of given d.b.h. - K 

(d.b.h.) in inches,and the area of the circle in square feet 

around this tree - K2 (B.A. of tree) 

L.A. - area of the forest stand 

Therefore, the probability of each tree being sampled 

Population totals for any desired variable can then be estimated 

by summing individual sample values of the desirable variable (X), which 

may be volume, tree frequency, height, etc., divided by individual pro-

babilities of being drawn. The following example illustrates this point: 

If M trees are selected in a single random point sample, and it 

some variable quantity X such as volume or height, etc., is measured with 

each tree as well a s  the basal area, the estimate of X is then ( a}.;� (L.A.») ( C D.: ) 
The per acre estimate is the abov. divided by L.A. ( �� 51 (z; M D:'" � 
which in effect is the basal area factor multiplied by a summation of 

X or all trees selected in a point sample. 
B.A. 



:Tor illustrative purposes the cornputfl.tion of volume estiJrl . ."tes 

from point sam�")les usinr: volume-basal <U'e.? ro:tJ.os 111.3.:>, be as folloHs. The 

local volume-basal area ratios m2.y be determined from :m appropriate 

standard volume table or formula by a conventionaJ. rnethod usinr.: a heiGht-

diameter curve, or the . local ratios l1l2.y possibly be determined more 

el.CC\1rate}y by the scaling of fallen trees, or the measurement of st<:u1ding 

trees \-lith a magnifying optical dendrometer. Neasurement of diameter 

and merchtl.ntable length of all tree sat1Jples in a. survey vlOuld no (ioubt 

&;ive the most accurate estimate of volume. Volume-basal area ratios for 

1'lhite spruce may be c.s follows: 

D.B.H. 

12 
14 
16 
18 

Local Volume 
(Bd. Ft.) 

ll4 
176 
2.51 
335 

Board Foot 
Volume/Basal Area Ratios 

146 
165 
180 
190 

To calCUlate the volume on three point samples vJhere the foilolling ta1l;r 

'Has obtained, the procedure 't-1ould be: 

D.B.H. 
(Inches) 

12 
14 
16 
18 

(11) 
Ih:urber of trees 
tallied on 3 Point 

SamEles. 

2 
4 
6 
2 

(R) 

Ratio !!!! 
146 292 
165 660 
180 1080 
190 �80 

2412 

Board Foot Volume per acre 2412 x 10 = 8040 
3 

Stand tables may also be calculated from the diameter tally. 
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BASAL AREA FACl'ORS 

A wide difference of opinion exists &8 to the best basal area 

factor in point sampling. Ker and Smitb (1957) suggest that a basal area 

factor of 20 tor west coast timber would ,;>ear to provide an optimull 

balance between cost and accuracy. Carow (1953), in an investigation to 

find the best angle gauge size in sampling spruce, pine and aspen types 

ranging in diameter trom 6 to 14 inches, and in timber t)'p8s at val"1ing 

density, found. an angle gauge wi1;h a basal area factor at 4.4 to be most 

satisfactol"1; it gave the best standard error of the mean considering 

time to estabUsh the point sample. He tried angle gauges with basal 

area factors at 2.2, 4.4 and 8.7. No allowance for travelUng time wa. 

aade. On the other hand, the most popular basal area factor appears to 

be 10, which has been favored by Grosenbaugh. 

On DUUJy surveys in this province point sampUng with a basal 

area tactor of 10 is resulting in ID.8Il7 samples having a zero ta117. This 

appears to be due to the heterogeneity at our forest types which contain 

.. tand openings and patches of trees below measurable si.e and to the low 

density in scme t)'p8s. From a statistical point of view having Bero 

tallies is moat undesirable and indicates that the sample siBe is prObablT 

too 8IIl&ll.. 

There are at least two alternatives that could improve sampling 

techniques when Bero tallies occur. One is to decrease the basal area 

factor to S. From the author's field experience in this province this 

leads to an increase in the possibiUty of errors. On the average, the 

ntaber of trees selected on each point sample, using a basal area factor 
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of 5 in stands with a basal area per acre of 100 to 150 square feet, is 

from 20  to 30--which is just double the number when a basal area factor 

of 10 is used. With 20 to 30 trees on a point sample it become difficult 

to remember which trees were selected unless they are plainly marked. 

Also, the distance out to qualifying trees i6 increased as the basal area 

factor becomes smaller. For example, the plot radius for a basal area 

factor of 10 is 2.75, and for a basal area factor of 5 it is 3.89. There­

fore, a lo-inch tree can b e  out from the sampling centre up to 27.5 feet 

for a basal area factor of 10, or up to 38.9 fe�t for a basal area factor 

of 5. With trees qualifying at greater distances fram the sampling centre 

difficulties of determining which trees fall within the prescribed angle 

are increased, and the method becomes more tedious. 

These objections to a basal area factor of 5 may be on� psycholo­

gical because in the final ana�sis, for a given accuracy determination 

with various basal area factors, the number of trees counted may be fairly 

close. But none the less, from production studies of workers it has been 

shown that it is important to have goals that are easi� attained at short 

intervals. This is especially true in forestry where sampling crews are 

working in adverse weather conditions and with bothersome insects such 88 

mosquitoes. Therefore, the more routine and 6imple a field procedure can 

be made, the better. 

An alternative to reducing the basal area factor may be the use 

of cluster sampling. Then it may be found desirable to use a basal area 

factor greater than 10 and instead of var'j ing the basal area factor, vary 

the number or point samples in a cluster to suit the sampling design and 
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type of timber being sampled. It c ould possibly be 

that a basal area factor of 18.9 with Ron even plot radiu5 factor of 2 to 

facilitate the checking of live trees is desirable when cluster sampling 

is used. With a basal area factor of 18.9, 4 to 8 trees ''(ould usually be 

counted on each point sampl., in stands with approximately 80 to 160 square 

feet of basal area per acre. There should be no difficulties here in 

remembering which trees have been selected, and the possibilities for a 

better distribution of the sample increased. The average results in e ach 

cluster could possibly represent a sampling unit of weight 1 for statistical 

purposes. The judgment of cluster sampling with a basal area factor of 

nearly 20 should not only be based on statistical analysis but on the 

basis of human behavior with a certain field technique. 

A summary of general points reg arding the selection of a basal 

area factor is as follows. 

1. The basal area factor most appropriate will vary with the 

size of trees with homogeneity of the area to be sampled and the sampling 

design. 

2. The basal area factor should be large enough to avoid too 

much difficulty in seeing the trees that fall within the prescribed angle. 

3. In some cases there may be more convenience in having an 

odd basal area factor and an even plot radius factor to facilitate the 

checking of borderline trees. 

NUI-mER AND DISTRIBUTION OF POINT SAMPLES 

The amount of sampling required is usually limited by economic 

considerations and as such is a managerial decision guided by statistical 
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TABLE 1. A SMALL SAMPLE CRUISE TO HELP DETEJi1HNE THe NUtfBER OF �)Al<lPLES 
R�UIRED FOR A GIVEN ACCmtACY 

Point Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Estimatf'!d Cords Per Acre 

15 

20 

5 

15 

17 

10 

13 

14 

16 

StuD. 150 

Mean cords per acre 150 = 15.0 cords 
10 

Standard deviation - r 260 = 5.4 cords 
n-1 

Standard error of the mean - <T'" m'" y d"" 2 .. Y5,4 2 = 1.7 cords 
N 10 

Coefficient of variation =� x 100 = 36. 0 percent 
15.0 
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analysis. 

1. Number of Points or Plots Required 

The number of point samples or plots required for a certain 

degree of accuracy when SD.I!1pling an infinite populat ion is determined as 

follows: 

N -

where N - required number of sampl ing units for a certain precision; 

(r - estimate of variation between plots 

t:r m - required precision of extimaterl mean. 

For example" suppose a prism with a basal area factor of 10 is used. A 

small sample of 10 point tallies is taken to gain seme idea of the 

variation in a stand , using a defined sampling procedure . 

It is estimated that there are 15.0 cords per acre. The 

standard deviation shows th e variation in the point s3mples (which reflect 

the variation in the timber and s�ple size ) . Sixty-eight percent of the 

plots sampled will be within 5.4 cords of the mean v olume of 15. 0 cords. 

The standard error of the mean gives a measure of the accuracy of the 

est:iml ted mean. That is" there is approximately a 65 per cent chance of 

capturing the true mean between the limits of 15 .:!: 1.7 cords" and there 

would be approxim ately a 95 per cent chance of capturing the true mean 

between the limits of 15 .:!: 3.4 cords. To be more exact in calculating 

confidence limits" "til corrections f or small samples should be made. For 

example" for a p . ( . 95) the confidence limits are actually 15 .:!: - (1.7) 

(2. 26) a 3.88. If the desired precision is .:!: 10 per cent within one 
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standard deviation (p.(.65) approximately) the standard error of the mean 

i�' 

6' m - !Q.. of 15 - 1.5 
100 

The number of point samples required will then be: 

2 2 
N - (..te..:l .. (iI!) .. 

\d-ml 1.5 

If the desired precision were � 5 per cent within one standard deviation 

(p.(.65) approximately) the standard error of the mean is: 

m - ..L of 15 - .75; so that 
100 

N .. � 2 .. 52 point samples required • 

• 7 5 

Table 2 prepared by Grosenbaugh (1952) gives the number ot 

sampling units required for various degrees of precision with a probabi­

lity of approximately .65 (corrections of tit" should be made in this 

table if confidence intervals are to be stated), when sampling an 

infinite population with a known coefficient of variation. The table is 

based on random sampling formulae and, should a systematic sampling 

design be used, results of slightly higher accuracy may be eJepected. 

Grosenbaugh (1952) suggests that those wishing to estimate the error of 

a systematic aample more precisely should refer to De Lury1. 

1 De Lury, D.B. Val.. ues and Integrals of the Orthogonal Polynomials 

up to N .. 26, University of Toronto Press, Toronto, Ontario. 1950. 
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TABLE 2. NUMBER uF SAMPLES TO BE TAKEN FROH INFI1U'fE POPULATIONS 

Coefficient 
of 

Variation 
(Percent) 

5 
10 
15 
20 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 

100 

125 
150 
175 
200 

Specified Percent Limit for Standard Error 
± II ± 5 ± 10 + 20 

Percent Percent P{"rcent Perc�nt 
------------ - ----------- N =------------------------

12 
45 

100 
178 
278 

400 
545 
712 
900 

1,112 

1,345 
1,600 
1,878 
2,178 
2,500 

2,845 
3,212 
3,600 
4,Ol2 
4,445 

6,945 
10,000 
13,612 
17,778 

1 
4 
9 

16 
25 

36 
49 
64 
81 

100 

121 
144 
169 
196 
225 

256 
289 
324 
361 
400 

625 
900 

1,225 
1,600 

1 
1 
3 
4 
7 

9 
13 
16 
21 
25 

31 
36 
43 
49 
57 

64 
73 
81 
91 

100 

157 
225 
3m 
400 

1 
1 
1 
1 
2 

3 
4 
4 
6 
7 

8 
9 

11 
13 
15 

16 
19 
21 
23 
25 

40 
57 
77 

100 
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Shiue (1960) questions De Lury's asswnption of constant variance 

in a forest area and regards systematic sampling as being of questionable 

value in that it may over-estimate the sample variance. He suggests that 

exact estimate s of sample variance are possible when multiple random starts 

ar� taken. The systematic sample then represents a cluster sample with 

several random starts. 

Tho foregoing appears to s olve the problem of the number of 

point samples required when sampling infinite populations. . In forestry, 

however,  w e  are usually dealing with finite populations which r equire 

different statistical treatment. Table 3 prepared by Meyer (1949) is 

based on a f onnula for finite populations developed by Girard and 

Gevorkientz (1939). The formula is as follOlls: 

where: 

n ... Nt202 

n = number of plots required 

C - coefficient of variation for tract 

N ... maximum number of plots that could be put in the 

known area = total acre age 
plot size acres 

a - maximum acce,*, able sampling error 

t - factor of probability (2 for a factor of 95 percent). 

Meyer's (1949) Table 3 is based on the assumption that a cre plots are used 

and he states that a greatly exaggerated value of the coefficient or 

variation would bo obtained by using smaller plots. 

From Meyer's Table 3 it can be seen that a one percent cruise 

ffidY give results of satisfactory accuracy for estimates on 10,000 acres 
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TABLE 3. STANDARD ERROR OF ESTlMATED VOLUME FOR DIFFERENT DlrENSlTITES 

OF CRUISE, FuR VARIOUS SIZE FORESTS, AND FOR DIFFEll�NT VALUES 
OF COEFFICIENT OF VARIATION 

Size or 
Tract or 

2% 
Cruising Percent 

20% Forest U 5% 10% 
Standard error in p ercent of volume 

30j 

(i) for coefficient of variation of 15 percent1 

50 •••• 21.1 14.8 9.2 6.4 4.2 3.2 
100 • •• •  14.9 10.5 6.5 4.5 3.0 2.3 
200 ••• • 10.6 7.4 4.6 3.2 2.1 1.6 
500 •••• 6.7 4.7 2.9 2.0 1.3 1.0 

1,000 •• • •  4.7 3.3 2.0 1.4 1.0 0.7 
2,000 ••• • 3.3 2.3 1.5 1.0 0.7 0.5 
5,000 • •• •  2.1 1.5 0.9 0.6 0.4 0.3 

10,000 •••• 1.5 1.0 0.7 0.4 0.3 0.2 

(ii) for coefficient or variation of 30 percent1 

50 •• •• 42.2 29.7 18.5 12.7 8.5 6.5 
100 • •• •  29.9 21.0 13.1 9.0 6.0 4.6 
200 ••• • 21.1 14.9 9.2 6.4 4.2 3.2 
500 • ••• 13.3 9.4 5.8 4.0 2.7 2.0 

1,000 •••• 9.4 6.6 4.1 2.8 1.9 1.4 
2,000 • •• •  6.7 4.7 2.9 2. 0 1.3 1.0 
5,000 •••• 4.2 3.0 1.8 1.3 0.9 0.6 

10,000 ••• • 3.0 2.1 1.3 0.9 0.6 0.5 

(iii) for coefficient of variation of 60 percent 1 

50 ••• • 84.4 59.4 37.0 25.4 17.0 13.0 
100 •••• 59.8 42.0 26.2 18.0 12.0 9.2 
200 ••• • 42.2 29.7 18.5 12.7 8.5 6.5 
500 ••• • 26.7 18.8 11.7 8,0 5.4 4.0 

1,000 • •• •  18.9 13.3 8.3 5.7 3.8 2.9 
2,000 •••• 13.3 9.4 5.8 4.0 2.7 2.0 
5,000 •••• 8.4 5.9 3.7 2.5 1.7 1.3 

10,000 •••• 6.0 4.2 2.6 1.8 1.2 0.9 

1 Coefficient of variation is her� defined as the standard error of observa­
tions of volume measured on one acre (observation or weight one) expressed 
in percent of vo1uma per acre. For stands of high uniformity and normal 
density this coefficient may be as low as 15 percent, provided an efficient 
cruising design is applied which will eliminate as much as possible the 
effect of visible stand stratification. A coefficient of 30 percent 
corresponds to average conditions of forest cruising. Values of 60 p�r-
cent are characteristic of irregular stands with a patchy distribution 
of volume. Estimat�s of the actual value of the coefficient of variation 
are best determined fraw. a trial cruise. 
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but would be entirely inadequate tor 1,000 acres. Although this table i. 

not appUcable to point sampling, it may be used as a guide. 

2. Sample Allocation 

The allocation ot sampUng units within a timber SUM'q area 

will depend upon the purpose tor which the 8urvey is designed. One 

example 18 broad repeated inventory giving overall volume and drain 

estimates tor large areas. Here, a grid of mechanically spaced, permanentq 

marked sampUng points with no stratification ot the sample would probab17 

be used. On the other hand, an operational cruise using torest type mapa 

would probably require a higher intensity of cruise with a concentration 

ot sampUng in the merchantable and near merchantable tTp8s. Arbitr&17 

deci8ions on the required accuracy tor various strata may be made. A 

combination ot ground and photo estimation could be desirable. Another 

approach that is used to gain the most accurate e8timate of volume trom 

a given number ot sampUng units is called optimum allocation (Hasel, 1950), 

(Oebome, 1951). 

Di - n(Pi8i) 
-Pisi 

Ai - acres in the ith clas8 

Pi - proportion of total. area in Ai 

8i - 8tandard deviation usually based on volume 

n - total number ot 8ample units to be apportioned 

ni - number or sample units that should be taken in the 

ith class. 
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A concrete m::arnple of usine: the pr ecedinr: formula iD Given in 

the l�orestry Handbook for British Columbia (19.59) i'lhero, for exnmple, 

n f.orest area of 3.700 �cres is strC'.tificd into 9 classes as follows: 

Area C't) Proportion of Units 
Class (a.cres) Total l'>rea (p) (S.D.) p x S.D. 

a 620 0.175 7.07 1.237 

c 290 0.080 4.30 0.344 

e 316 0.085 4.2J. 0.358 

g 518 0.140 6.30 0.883 

i 340 0.090 .5.51 0.�5 

k 280 0.075 6.23 0.467 

m 1,070 0.285 8.77 2.250 

0 66 0.015 1.33 .020 

q 20 0.055 4.88 .268 

Total (I) 3.700 1.000 6.322 

th 
Then for the "i II term. assunrlne the total number of sampling 

"i" 
units equals 1001 n = 100 (.495) = 7.8 sampling units. 

6.322 
This formula can only be used where some idea of the variation 

in each class is knoWl,l. 



- 26 -

The distribution of sampling usinf the above fomula may als o be 

apportioned on a value basis, thus concentrating the sampling on the more 

valuable areas. 

Although stratified sampling by various cover-types is gene� 

used in Canada, there are some valid reasons why onlJr minor photo strati­

fication separat::ing forest from non-forest may be desirable. This is 

especiallJr true l'1here short rotations are possible. The reasons for 

using onlJr minor photo stratification are as follOl'1S: 

1. The gam ::in efficiency of samplmg design may be small due to: 

a. small scale and old photography; 

b. marv aged and patcby stands 1ilith a high volume variance 

1vi thm cover-types; 

c. ::inability to recognize stends with above average cu:u 

from aerial photographs. 

2. Grovlth and dra::in may be of more importance than current 

inventory. l'lliat v10uld be optimum allocation nOlv might be very poor 

allocation ten to fifteen years hence. 

3. Point samplme gives Height to large trees (sampling pro­

portional to basal area ): therefore, it tends to give optimum allocation 

of trees. 
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PREDIGrIOH OF GROvlrH 

1. Permanent Samples 

Grosenbauc:h (1958) describes a method in l'1hich only those trees 

contained in the initial tally are dealt 't1ith. The detennination of survivor 

grolrt.h. mo�lity 2.nd cut for a single growth period is based on observations 

te.l-cen on the same trees at the beginninG and D.t the md of the period. In 

order to prepare a point sCll11ple for a second grovTth period neuly qualifying 

trees will have to be measured. Distinctions in ne..Jly qualifying trees 

betneen ingrowth (those trees that vIere belovl measurable diameter) am 

larger trees that because of increased size are included in the point sample 

vdll have to be made for a.n;r detailed analysis of eroi·7th. Grosenbaugh 

proposes two methods for obt2.ininC ingrol·rth; the cor-i..ng of newly qua1ll'ying 

trees to determine uhether they had a measurable d.b.h. at the beginrdng of 

the past grovrth period, or alternatively the establishment of a small 

pennanent plot. Coring will obviously not be necessary on all trees and 

probably vdll only be required on a fsv1 trees, or eliminated if the estimate 

of the ingrO'tith is based on an assumed grolfth rate. Another complicating 

faotor is that some trees through mortality will not be inoluded in arty 

tally (Sayn-�Vittgenstein: 1961, 1%2). 

From the above discussion it HOuld appear that the use of permanent 

point samples for a "continuous forest inventory" system, such as advocated 

b,y Cal Stott for pennanent sample plots has some serious limitations. 
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2. Single nmmina:l:.ion Sampling Points, 

In single a;mrn:i..na:t.ion point samples f increment cores e;::trncted 

from trees selected by point. sampling may ;llso be used to determine gI"Ovrth 

(Spurr , 1952; Stage 19.58-b). Sampling of grOilth is thu.s concentrated on 

tre�s contribu.ting most to the gro'uth of the stand rather than tree 

frequency. as trees selected by point samplinr: are proportional to their 

basal area. A ratio of future gross basal area increment to present 

basal area increment may be determined as follot�s. This is based on the 

premise that future grc)l;th is predictable from 2. .... ast performance. Clim:.:ttic 

cycles and various disturbances (i.e. cutting) lTk"1Y invalidate this premise. 

Ra.tio of basa..l area increment to basal area. per acre is: 

Ratio = 1 -

Gross basal area increment per acre per year = �.A. 'frs x �.1<iQ 
O. 0 years :m period 

This method of predicting grm-lth is relatively untested and 

needs further study. Spurr (19.52), Hith a similar formula, thinks it 

holds some promise. Some corrections for rrortality would also be necessary. 

This method should at least indicate a relative index of groHth potential, 

and as such be a useful tool for forest n¥�agement. 
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SlLVICULTURAI. PRESCRIPTIOl! 

Grosenbaugh (1955 cmd 1958) presents a neH 2,pproach to apply 

po int. samplin;,; to silvicult.ural prescription. N.ethods of conducting 

silvicultural prescription surveys and record keeping are described by 

him. His sugr;;estions a,re idea1 for areas 1<1here stand improvement i-lOrk i s 

contemplated. As he states himself, "Compliance vdth mamgement-plan 

volume or area regulation can be ensured 'ltD. th minimum sacrifice of 

grOl,dng stock and maximum attentiop to regeneration needsll• He suggests 

that an angle gauee Hith a b<;tsal Clrea factor of 10 be used to make a 

tally by crown and vigor classes. 

that should be cut is determined. 

From thi s tally, some idea of the trees 

From silvicultural knowledge, the 

residU8,l basal area left to gain desi red regeneration or increased grot-7th 

is decided upon. trhen an angle gauge with a larger basal area factor, 

say a basal area factor of 50. (possibly corresponding to B.A. that should 

be left ) is used in actual field marking to determine which clumps should 

be loosened and the number of trees that can be removed for cutting. 

lfuether markine cem be made this mechanical is subject to some debate, 

because in the final analysis the marking of trees for cutting is an art 

which will depend upon many variable stand and operatmg conditions. It 

does, hovlever, alloH some objective guides to be determined for tree 

marldng, namely a quick estimate of basal area before and after marking. 

Judgment based on experience and sp�.cing factors may accomplish the same 

purpose. 
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Point 5a111p1in;:; l1lsthoclG offer ffi1 6':�c0llent opportunit;';T to deter-

mine ['n unb:i.C1.sed estimato of 3:voro.ge stnnd height . This is done by 

averaGing the heichts of trees selected in point S81llp1ine. Kenda�l m1d 

Sayn-Hitteenstein (1959) in a comparison of different measures of deter-

mining avercl.ge st:::md hei?:ht shoHed the fol1ol1inr� results for arithmetic 

meon heir:ht of all trees on a fifth-acre plot, aver2.�e height VTeighted by 

basal areo. clTId average height of trees included in a relascope count: 

Arithmetic Average Stand Average Height 
Trees Nean Ht. Ht. l'ieighted of Trees in a 

Di,'?.m. per {1/5-llcre by B.A. (1�5- Relascope Count 
Species Range Acre Plots) Acre Plots 

uS 3-6 1900 21.6 24.6 24.6 

vIS 2-6 1900 21.6 24.6 2.5.3 

rP 7-12 370 53.3 .53 • .5 .52 • .5 

rP 5-10 77.5 .52 • .5 .53 • .5 .52.7 

rP '-IP 3-17 390 74.3 77.9 77. 0  

rP uP 6-16 390 74.3 77.9 79.3 

rP vIP 8-16 220 67.0 82.3 81.1 

The average height of trees in a relascope count in this test 

agrees most closely 1.ri th the average hoicht of. a stand \'leighted by basal 

area - vthich should be a most useful statistic for volume determinations. 

As the estimation of tree height :is a time-consuming procedure, 

further study may sho�J tlie most efficient sa.mpling designs for volume 

determinations to measure only heights on a fet.; of the trees selected 



- 31 -

in point sampling. Height measurements may be limited to trees ot average 

basal area or to co-daninants. Point sampling methods would then onq 

assist in making an unbiased selection ot trees. 

SOURCES OF ERROR) 

Point sapling, because ot relatively simple procedures in the 

tield, may be carelessly dane. This can lead to serious errors. There­

tore, it is absoluteq essential tor good results to obsel"Ye the tollowing 

precautions I 

1. Calibrate the angle-gauge properq. 

2. Locate point samples in an unbiased tashion - mechanically 

or randomly. The timber margins should ha�e a representative chance ot 

being sampled. 

3. Use an angle gauge large enough to avoid brush bias 

(inability to count trees as in or out due to density ot stand or 

undergrowth) but small enough to give a representative sample ot the 

timber. 

4. Corrections tor slopes over 10 percent should be made, 

or better still, use an instrument that compensates tor slope. 

5. Check borderline trees with a tape. In this regard, it 

is essential that a detinite plot centre be established and used tor 

sighting or measuring purposes and the angle gauge be held consistentq 

over the sampling centre. 
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SUMMARY AND CONCImION 

Point sampling has proven to be an acceptable method for 

estimating basal areaand voltme, but it is still in the developmental 

atage and procedures are changing. In this thesis, a rsview ot same of 

the more pertinent literature on point aampling has been made, and tbe 

theoretical background set down. With data that were readiq available, 

methods were developed and tests done to make point sampling most useful 

in the Province of Saskatchewan. Because ot the time it takes to train 

personnel and revise computation procedures, some of the methods suggested 

bere wUl take time to be adopted in Saskatchewan. Furtber tests wUl 

continue to alter point sampling metbods. 

A summ&r7 of tbe more important conclusions to this thesis is 

M followss 

1. A basal area factor of 10 appears to be unsat1sfacto17 for 

aane conditions in this province. Tests on other basal area factors should 

be made. (A basal area tact or ot nearq 20, with a plot radius tactor of 

exact17 2, would. perhaps be more convenient and be most etficient with 

cluster sampling). 

2. The use of a factor that ia divided into average stand 

.height to determine pulpwood volume in cubic feet or cords per unit of 

basal area appears to be an excellent method, eapeoialq tor rapid field 

calculations. A factor for black apruce and a tall7 sheet has been 

deYeloped for use in Saskatchewan. (M:1meo 64-!-12) • 

.3. The determining ot average stand height using trees selected 

in point sampling appears to be entireq satistactol7, although it has not 

been tested in thie province. 
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4. A cumulative volume tall1 sheet has been developed traa 

which rapid estimates in board teet tor various species in Saska tchewan 

can be made. 

s .  Growth estimates mq be made with point sampling, but 

mortality and ingrori.h are complicating tactors that are yet to be deal\ 

with, especiall1 tor permanent point samples with periodic remeasurement. 

However, sane assessment ot current and tuture growth can be _de traa 

the examination ot increment cores taken tr<B trees selected b7 point 

sampling, and at least some relative criteria ot growth can be estabUahed. 

6. Some guides as to sampUng intensitT and expected a ccura. 

are given, but aore study' 1e required, aDd the whole sTetem ot sampUns 

design in general should be studied turther. This, ot course, has to be 

titted to a tramework where the objectives of the SurY8T are clearl1 

detined. 

7. Point and plot saapling with regression were not; teeted in 

Saskatchewan, but the _thod tor double sampling with regression ie set 

down. 

The tew tests done in Saskatchewan add to other evidence in 

support ot point sampUns as a desirable method tor IIl&n7 torest inventOl7 

and IIl8Il&gement purposes. 
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