


YIELD, STAND AND VOLUME TABLES FOR

RED FIR IN CALIFORNIA

FRANCIS X. SCHUMACHER!

INTRODUCTION

Investigations concerning the rate of growth and yield of
California forests have, to date, been confined essentially to the
species of outstanding commercial importance. Although several
timber types which are now considered as of secondary value are
being logged to a limited extent, demand for information basic to the
management and utilization of these is sure to increase as logging
progresses in the more popular and available types.

Red fir (Abies magnified,),2 includingthe variety Shasta fir (Abies
magnified, shasiensis) forms one of the so-called minor types. It
occurs at elevations of 6000-9000 feet from the Cascade Mountains of
southern Oregon southward along the western slope of the Sierra
Nevada Mountains, and in the Coast Range from Lake to Siskiyou
counties.3 Lying above the main timber belt, it is relatively inacces
sible, hence utilization has been slight, although individual trees grow
as big and stands as heavy as yellow pine and white fir on equivalent
sites at lower elevations.

Little information is available concerning the red-fir type. In
California, it is found mostly within the national forests, where,
according to the estimate of the United States Forest Service, the
volume amounts to 12,935 million board feet4 or 14 per cent of all
timber within the national forests of the state.

The following pages present the results of a study of the growth
of welkstocked stands of red fir.

^Assistant Professor of Forestry.
2Sudworth, G. B. Check list of the forest trees of the United States. U. S.

Dept. Agr. Misc. Cir. 92:1-295, 1927. Scientific names used are taken from
this publication.

3Red fir is occasionally confused with Douglas fir (Pseudotsuga taxifolia)
because the same common name has sometimes been applied to both. As Douglas
fir occupies bottomlands and slopes of low to intermediate elevations, these
species are never associated together. Botanically and commercially they are
very different and should not be confused.

*Ayres, R. W., and W. Hutchinson. The national forests of California.
U. S. Dept. Agr. Misc. Cir. 94:1-34. 1927.
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GROWTH OF RED-FIR STANDS

The growth of a timber species is best shown by tables which state
yields of even-aged stands over a period of years on lands of various
degrees of productivity. But density of stand—or approximate
number of trees to the acre — as well as age and timber-productive
quality of site, must greatly affect timber yields. As there is no
satisfactory way of expressing density in absolute terms, two types
of tables are generally recognized (1) empirical yield tables based on
density of stocking as actually found over a large area, and (2)
normal yield tables based on the ideal density which produces
maximum volume.

It is at once evident that actual yields of fully-stocked stands,
must be less than the normal yields stated therefor, as the latter are
given in gross values including cull factors, such as decay in living
trees, unused stumps and tops, sweep and crook in logs, and breakage
in logging. Only under the best conditions of stand establishment,
freedom from natural enemies and care, are normal stands possible
over any considerable area.

The value of normal-yield table lies mostly in this, that they
furnish a basis for intelligent comparison between growth rates of
species, as comparison may be made on equivalent stocking as well
as on age and site. They also serve to measure the degree of stocking
of any even-aged stand of the species in question.

BASIC DATA

The normal-yield tables for red fir which follow are based on
measurements of 149 sample plots scattered through the geographical
range of the species.

Plot Selection.—Although little, if any, commercial logging has
been conducted in the pure red-fir type, many small, even-aged
stands of second growth, especially in the south-western part of
Plumas County, date from the time of clearing or burning when
mining began about 75 years ago. Older even-aged stands were
located through a systematic search in the virgin timber.

Within these stands, plots were established so as to enclose a
comparatively complete crown canopy by excluding the larger open
ings which follow failure of reproduction or accident, and at the
same time to include within boundaries the area equivalent to that
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BtJL. 456] YIELD, STAND AND VOLUME TABLES FOR RED FIR 5

which seemed to be necessary for the growth of the enclosed timber. J
As practically all plots were well within large stands, this was in the
main mechanically accomplished, attention having been given to
securing a clear sight from one corner to the next rather than to
balancing plot area with area used by the timber. Rectangular-
shaped plots were not sought though acute angles were, in general,
avoided. Plots were surveyed with staff compass and chain.

Age Determination.—The age of each plot was determined by
counting the annual rings on cores extracted (with Swedish incre
ment borers) from near the base of several trees. The number of
rings on the core plus the number of years necessary for height
growth to reach the point of boring (determined by an analysis of
height growth of saplings) was taken as the age of the tree. Although
there was seldom a difference of more than two or three years between
the ages of the oldest and youngest tree examined, the age of the
oldest tree was taken as the age of the plot, as it dates more nearly
from the time of the removal, of the.earlier stand.

Field Measurements.—-Diameter breast high of every tree was
measured with diameter tape and tallied by species and crown class
(dominant, codominant, intermediate, or suppressed).

The heights of fifteen to twenty-five trees were measured with J
the Forest Service hypsometer and plotted over diameter on cross-
section paper in the field, the number of height measurements
necessary being judged at the time by the range in diameters present
and the dispersion of plotted heights around the free-hand curve.

A short description of physiographic features completed the field
work on each plot.

Office Computations.—The computational work necessary for each
plot is evident from following paragraphs. The construction of the
yield tables is after Bruce,5 while the stand tables are based on
Charter's6 method of calculating theoretical frequencies.

NORMAL YIELD TABLES

Table 1 gives the following data for the entire stand:
Site index: the height that the average dominant red fir will

attain, or has attained, at 50 years of age. Height curves used in
determining site index of a plot are shown in figure 1.

o« S5U5?> *i A method of preparing timber-yield table. Jour. Agr. Research
32:543-557, figs. 1-8. 1926.

«Charlier, C. V. L. Die Grundzuge der mathematischen Statistik. pp. 3-125.
Lutke und Wulff, Hamburg, 1920. J
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C In well-established forestry practice it has been found that the
timber-productive capacity of aforest area has acloser ^lo^p
TSioi dominant stand for agiven age than to any other readily
mea utile factor of timber growth. In this «^«2fi*
average height of the dominant trees is now generally accepted as
the index to site quality.

Age-the age of the oldest tree sampled. Because the establishment
of anew natural stand is dependent on seed already on the area when
the old stand was removed by logging or accident-such, as ^fire or
epidemic of insect or disease-or upon seed from neighboring trees,
the new stand is seldom all of one age.

Trees per acre: the number of trees that have reached aheight of
at least 4.5 feet (breast-height) above the average ground level.

Basal area per acre: the sum of the eross-sectional areas at breast
height in square feet.

Mean diameter breast high: the mean of all tree diameters on an
average acre. It is to be distinguished from average- dvameter, which
is understood to be the diameter in inches of the tree of average
lifl^53.1 area

( Height of average tree: the height from ground to tip of the tree
W of average basal area.

Volume in cubic feet: the cubic volume of the entire stem of all
trees from ground to tip but without limbs or bark. The volume table
used (table 5) is given on p. 14.

Average annual growth in cubic feet: the cubic volume of an acre
of timber divided by the age. Maximum volume production 1S obtained
by allowing the stand to grow to the age of greatest average annual
growth, which is 140 to 150 years in red fir.

Table 2 gives anumber of the corresponding values for the trees
in the stand which are 8 inches and over in diameter breast high,
together with the following:

Volume mboard feet: this includes the board-foot contents of the
trees by the International log rule of Vs-inch kerf between a stump
height of one foot and top diameter, inside bark, of 5inches, scaled
in 16-foot logs with 0.3-foot trimming allowance to each, trross
volumes are presented, no account being taken of cull factors. The
volume table used is given on p. 16.

7Mean diameter is used rather than average diameter as the two teraw are
hereto defined, because of association of the former with stem distribution as

L explained on pp. 21 ff.
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Height of average dominant in feet
^ £ 2 8 Q !? 5 5 55

Site index in feet
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TABLE 1—Continued

Age
Height of
average

tree

Mean
diameter

breast high
Total

number
of trees
per acre

Total
basal area
per acre

Volume
per acre

Average
annual
growth

Years Feet Inches Square feet Cubic feet Cubic feet

Site index SO feet at SOyears

• 30 10 1.3 5,900 119 800 27

40 13 2.0 4,560 185 1,600 40

SO 18 2.8 3,600 234 2,450 49

60 22 3.7 2,860 274 3,400 57

70 27 4.7 2,290 306 4,400 63

80 33 5.9 1,810 334 5,550 69

90 40 7.3 1,400 358 6,800 76

100 47 8.6 1,050 379 8,150 82

110 54 9.9 800 399 9,800 89

120 61 11.2 640 416 11,650 97

130 67 12.4 •525 432 13,200 102

140 73 13.5 445 445 14,550 104

150 77 14.4 386 456 15,600 104

160 81 15.2 337 465 16,100 101

Site index SOfeet at 50 years

30 6 0.9 10,400 114 600 20

40 8 1.4 8,150 178 1,200 30

50 10 2.0 6,400 225 1,800 36

60 12 2.6 5,100 262 2,450 41

70 15 3.3 4,050 294 3,200 46

80 18 4.1 3,220 320 4,050 51

90 22 5.0 2,490 345 4,950 55

100 26 6.0 1,880 366 5,950 60

110 30 6.9 1,430 385 7,200 65

120 34 7.8 1,130 400 8,450 70

130 38 8.6 935 415 9,650 74

140 41 9.3 790 427 10,600 76

150 43 10.0 690 438 11,350 76

160 45 10.5 600 447 11,800 74

Log run: the number of logs to the thousand feet board measure
contained therein.

CHECK OF BASIC DATA AGAINST YIELD TABLES

Table 3 shows the check of the values of the 149 sample plots
against the yield tables interpolated to nearest year of age and nearest
foot of site index.

That the standard deviation of basal area is less than that of any
other variable is to be expected as it is the basis for judging normality
of stocking.8 Greater variation in number of trees and mean diameter

s See page 18 ff.
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Bul. 456] YIELD, STAND AND VOLUME TABLES FOR RED FIR 11

Age

Years

Number
of trees
per acre

TABLE 2—Contwued

Volume
per acre

Board feet

Site index SOfeet at 50 years

Average
annual growth

Board feet

Logs per
M. B. M.

50 76 2,100 42 53

60 211 6,950 120 52

70 366 14,600 210 51

80 525 23,600 295 49

90 588 33,800 380 40

100 543 44,500 460 36

110 470 57,700 538 26

120 410 72,800 607 20

130 357 86,000 . 665 16

140 316 98,600 705 14

150 282 108,000 720 11

160 253 113,000 708 10

Site index SOfeet at SO years

60 77 1,590 27 57

70 200 4,950 71 56

80 332 10,300 129 53

90 487 17,800 198 49

100 564 25,600 256 41

110 549 34,600 315 32

120 520 44,000 360 26

130 484 52,800 400 21

140 442 60,400 430 17

150 409 67,000 445 15

160 368 71,500 447 13

TABLE 3

Check Between Yield Tables and Basic Data

All trees
per acre

Basal
area

Mean
D. b. h.

Volume
in cubic

feet

Trees
8 inches
and over

Volume
inboard
measure

+0.74

33.7

±1.86

+0.89

17.9

±0.99

-0.67

21.5

±1.14

+0.53

20.0

±1.01

+0.33
30.2

±1.67

-1.41

24.1

Probable error of yield table value-
±1.34

*The aggregate difference is the sum of plotvaluesexpressed asa percentage difference fromthe sum
of corresponding tabular values.

t Standard deviation of plot distribution («r) =V?iM in which z= deviation of each plot from its
tabular value to nearest year of age and nearest foot of site index in per cent, 2 is the sum, and JV is

In a normal distribution about two-thirds of the number of caseslie within plus and minus standard
deviation measured from the mean (in this case tabular) value.

1 This term is the same as that ordinarily understood as probable error of a mean, the mean here
.67«r

being the tabular value for ageand site index. It is expressedPJEjf=—=
•y/N

[CDF-10]
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D. b. h.
class

0.0- 2.0'

2.0-4.0

4.0- 6.0

6.0-8.0

8.0-10.0

10.0-12.0

12.0-14.0

14.0-16.0

16.0-20.0

20.0-24.0

24.0-28.0

28.0-32.0

32.0-36.0

36.0-40.0

40.0-44.0

44.0-48.0

48.0-52.0

52.0-56.0

56.0-60.0

TotaL.-

UNIVERSITY OF CALIFORNIA—EXPERIMENT STATION

TABLE 4

Normal Stand Table for Bed Fnt, Including All Trees

Age of stand in years

40 50 60 70 80 90 100 110 120 130 140 150 160

252

447

282

173

56

1,210

122

211

240

185

107

57

24

9

955

67

113

144

141

116

83

54

31

11

760

Number of trees by diameter classes

Site index 60 feet at 60 years

37

61

80

88

85

76

62

47

52

16

1

605

22

33

44

52

55

55

55

44

67

36

13

3

479

12

19

25

29

33

35

34

33

59

46

27

12

3

367

7

11

14

17

20

21

23

23

44

39

30

19

9

3

280

Site index 50 feet at 50 years

4

6

8

10

12

13

15

15

31

30

26.

21

14

7

2

214

3

4

5

6

7

9

10

11

22

23

_22.

19

14

9

4

2

170 141

1

1

2

2

3

4

5

6

13

15

16

15

13

10

7

4

2

119 102

1

1

1

2

2

3

7

10

12

13

12

11

7

4

2

1

89

0.0-2.0" 407 203 109 62 35 21 12 7 5 3 2 2 1

2.0-4.0 649 381 190 103 57 31 19 11 7 5 3 2 2

4.0- 6.0 328 329 243 132 74 42 24 15 9 6 4 3 2

6.0- 8.0 166 211 186 138 84 49 29 18 12 8 5 4 3

8.0-10.0 32 96 121 119 84 53 33 21 14 9 7 5 4

10.0-12.0 30 79 102 78 53 34 22 15 10 8 6 4

12.0-14.0 42 68 65 50 34 23 16 12 9 7 5

14.0-16.0 21 42 52 45 33 23 16 12 9 7 6

16.0-20.0 30 63 71 59 44 33 25 20 16 13

20.0-24.0 24 40 44 38 31 25 21 17 15

24.0-28.0 4 16 26 29 26 23 20 17 15

28.0-32.0 , 5 11 17 19 19 18 16 15

32.0-36.0 3 8 12 13 13 13 12

36.0-40.0 2 5 7 9 9 9

40.0-44.0 1 3 4 5 5

44.0-48.0 1 2 2 3

48.0-52.0 1 1 1

Total 1,582 1,250 991 796 620 476 361 278 221 181 155 132 115

[CDF-11]
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TABLE 4—Continued

Age of stand in years

D. b. h.
class

40 50 60 70 80 90 100 110 120 130 140 150 160

Number of trees by diameter classes

Site index 40 feet at 50 years

0.0- 2.0' 418 239 133 76 44 27 16 10 8 5 4 3

2.0- 4.0 766 434 229 128 71 41 25 17 12 8 6 5

4.0- 6.0 454 423 280 161 93 54 33 22 15 11 8 7

6.0- 8.0 273 277 235 171 104 64 40 26 18 14 10 8

8.0-10.0 80 141 174 150 103 68 44 30 21 16 12 10

10.0-12.0 54 109 118 95 67 45 32 23 17 13 11

12.0-14.0 13 59 87 79 62 44 32 24 19 15 12

14.0-16.0 31 55 63 54 42 31 24 19 15 12

16.0-20.0 42 75 81 70 57 46 37 30 26

20.0-24.0 27 43 48 46 40 34 29 25

24.0-28.0 5 15 25 29 31 29 26 23

28.0-32.0 3 9 14 18 21 20 19

32.0-36.0 2 5 8 12 13 13

36.0-10.0 1 3 5 6 7

40.0-44.0 1 2 3

44.0-48.0 1

48.0-52.0

Total . 1,991 1,581 1.250 988 759 579 443 352 291 248 209 185

Site index SO feet at 60 years

0.0- 2.0' 595 340 199 116 69 43 29 20 15 12 9

2.0-4.0 1,060 644 346 198 113 68 45 32 24 19 14

4.0- 6.0 667 597 423 248 147 90 59 42 30 24 19

6.0-8.0 409 402 340 252 161 103 70 50 37 29 24

8.0-10.0 132 207 241 213 152 105 74 54 41 32 27

10.0-12.0 78 145 161 130 100 74 55 43 35 28

12.0-14.0 18 76 112 104 85 68 53 43 35 29

14.0-16.0 35 66 75 70 60 49 41 34 29

16.0-20.0 36 78 89 91 82 72 63 54

20.0-24.0 21 39 49 53 53 50 45

24.0-28.0 9 17 25 30 32 32

28.0-32.0 4 9 13 15 18

32.0-36.0 1 3 5 7

36.<M0.0 1 2

Total 2,863 2,286 1,805 1,400 1,050 801 640 525 1445 386 337

Site index BO feet at 60 years

0.0- 2.0' 1,020 584 336 202 129 1 86 62 47 37 30

2.0- 4.*0 1,670 1,100 627 350 219 142 100 75 58 47

4.0- 6.0 862 795 662 431 275 180 131 98 76 62

6.0- 8.0 407 487 448 356 267 203 144 110 87 71

8.0-10.0 102 208 249 255 218 169 136 109 89 74

10.0-12.0 42 115 157 153 135 116 99 86 73

12.0-14.0 40 86 99 100 93 82 74 64

14.0-16.0 10 43 57 64 67 65 61 55

16.0-20.0 14 52 -69 75 79 76

20.0-24.0 17 27 35 37

24.0-28.0 4 8 11

28.0-32.0
1

Total—
-

4,061 3,216 2,487 1,880 1,431 1,131 935 791 690 601

[CDF-12]

>^y

•^J



o

i

D
.
b
.
h
.

i
n
c
h
e
s

2 3 4 5 6 7 8 9

1
0
1
1

1
2
1
3

1
4

1
5

1
6
1
7 1
8

1
9

2
0

2
2

2
4
2
6
2
8

3
0
3
2
3
4 3
6

3
8
4
0

4
2

4
4
4
6

4
3
5
0
5
2

5
4

5
6

5
8
6
0

1
0

1
5

2
0

T
o

ta
l-

2
5

3
0

3
5

4
0

T
A

B
L

E
5

R
e
d

F
ir

—
V

o
lu

m
e

in
C

u
b

ic
F

e
e
t

4
5

To
ta
l
he
ig
ht

in
fe
et

5
0

6
0

7
0

8
0

8
0

1
0
0

1
1
0

V
o
l
u
m
e
i
n
o
u
b
i
c
fe
et

4
6
.
5

5
2
.
0

6
8
.
0

6
4
.
5

7
1
.
5

5
0
.
5

5
7
.
0

6
3
.
5

7
0
.
5

7
8
.
5

6
2
.
0

7
3
.
5

7
0
.
5

8
4
.
0

9
8
.
0

1
1
4

1
3
0

7
9
.
0

9
3
.
5

1
1
0

1
2
7

1
4
6

8
7
.
0

1
0
3

8
6
.
5

1
0
0

1
1
5

1
2
1

1
4
0

1
6
2

1
3
0

'
1
4
7

1
6
5

1
4
8

1
6
7

1
8
7

2
0
9

1
6
5

1
8
6

2
1
0

2
3
3

1
8
3

2
0
8

2
3
3

1
8
2

2
6
0

2
0
9

2
3
3

2
3
1

2
5
8

2
5
4

2
8
3

2
7
8

3
1
0

3
0
5

3
4
0

3
1
5

3
7
0

3
5
7

3
9
8

3
8
5

4
3
0

4
1
4

4
6
2

4
4
2

4
9
5

4
7
4

5
3
0

5
0
6

5
6
5

5
4
0

6
0
5

2
0
1

2
2
2

2
4
3

2
6
7

2
8
9

3
1
0

3
3
7

3
6
4

3
8
8

4
1
3

4
4
3

4
7
0

2
8
8

3
1
7

3
4
9

3
8
1

4
1
5

4
4
8

4
8
0

5
2
0

5
6
0

6
0
0

6
4
3

6
8
5

1
2
0

5
6
.
0

6
3
.
0

7
0
.
0

7
7
.
5

8
6
.
5

9
4
.
5

1
1
3

1
3
3

1
5
4

1
7
8

2
0
1

2
2
8

2
5
6

2
8
5

3
1
7

3
4
8

3
8
0

4
2
0

4
5
5

4
9
0

5
3
0

5
7
0

6
1
0

6
5
5

7
0
0

7
4
5

1
3
0

1
4
0

1
5
0

1
0
4

1
2
4

1
3
4

1
5
7

1
8
3

2
1
0

1
4

6
1

6
9

1
9

4

2
2

0
2

5
0

2
8

0

3
1

0

3
4

5
3

8
0

4
1

5
4

5
5

4
9

5
5

3
5

5
8

0
6

2
5

2
3

8
2

6
0

2
7

0
2

9
3

3
0

4
3

2
8

3
3

8
3

6
5

3
7

6
4

0
5

4
1

2
4

4
5

4
6

0
4

8
6

4
9

5
5

3
5

5
4

0
5

8
0

5
8

0
6

2
5

6
2

5
6

7
5

6
7

5
7

2
5

"6
70

"
72

5
78

0
71

6
77

5
83

5
76

5
83

0
89

5
81

5
88

5
95

0

T
h

e
vo

lu
m

e
is

to
ta

l
cu

b
ic

vo
lu

m
e

o
f
th

e
st

em
,

in
cl

u
d

in
g

st
u

m
p

a
n

d
to

p
,
b

u
t

ex
o

lu
d

in
g

b
a

rk
.

B
as

is
,

29
2

ta
pe

r
m

ea
su

re
m

en
ts

ta
ke

n
b

y
th

e
D

iv
is

io
n

o
fF

or
es

tr
y

in
19

26
fr

om
ev

en
-a

ge
d

st
an

ds
in

P
lu

m
as

an
d

Si
er

ra
co

un
ti

es
.

A
ge

of
tr

ee
s,

30
-1

10
ye

ar
s

on
st

u
m

p
.

H
ea

vy
li

ne
s

in
th

e
ta

bl
e

sh
ow

li
m

it
s

of
ba

si
c

da
ta

.

1
6
0 2
7

7
3

1
3

3
5

0

3
9

0

4
3

5
.

4
7

7
5

2
0

5
7

5
6

2
5

6
7

5
7

3
0

7
8

5

8
4

0
9

0
0

9
6

0
1

,0
3

0

B
a

si
s

n
u

m
b

e
r

o
f

tr
e
e
s

rf
^

8
*
-
<

3
1
3

2
0

H

1
6

to

2
5

2
3

3
1
7

o
1
8

*L
1
4

2
0

>
1
9

E
1
5

3 o
1
5

w
2

3
9

P
7

1
7

I
1
3

1
0 6

w
2

t
-
t

2
S

3 3

w 2 •
3

2
to h
3

1
> t-
3

2
9

2

o 2



BUL. 456] YIELD, STAND AND VOLUME TABLES FOR RED FIR 15

is the outcome of variation in the time between full stocking of the
sample plots and measurement. A stand that has been fully stocked
over a period of several decades distributes its growth over many
trees with a consequent dropping off in diameter growth of the
average; whereas a stand of fewer trees that has but recently closed
its crown canopy has also but recently approximated full stocking
by basal area, and its growth is distributed over fewer trees to the
greater advantage of each. It follows that a stand fully stocked by
basal area may be made up of many slender trees or comparatively
few stout ones, hence the greater variation in number of trees and
mean diameter.

STAND TABLES FOR RED FIR

Although yield tables are basic to the solution of many forest
management problems in a given timber type in that they express
either total or average values attainable in properly established and
protected stands, they are not complete without stand tables, which
state the number of trees to be expected within each diameter class, as
problems of valuation and utilization require knowledge of such stem
distribution.

Stand tables for red fir are given in table 49.

VOLUME TABLES FOR RED FIR

Preliminary to the study of yields in cubic and board feet, volume
tables in these units were prepared. The basic tree data of the tables
presented are from measurements taken by the Division of Forestry
in Plumas and Sierra counties from several previously measured,
even-aged sample plots. The ages of the trees measured were from
30 to 110 years on the stump.

Table 5 is the volume table in cubic feet, and states the entire
volume of the stem, including stump and top, but without bark. It
was prepared by the form-factor method.

Table 6 is the volume table in board measure. It includes the

board-foot contents of the trees between a one-foot stump and top
diameter inside bark of five inches. It was prepared from an analysis
of the board-foot—cubic-foot ratio of the trees.

»The analysis of stem distribution and construction of stand tables is explained
in pp. 21 if.
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Table 7 shows the check of the basic tree data with the volume

tables. ,

* TABLE 7

Check Between Volume Tables and Basic Data

Cubic foot
volume table -

——i

Board foot
volume table

+0.17

8.9

±0.35

- 0.43

SfewdKrd <tevift*»on—•P*»* cent 16.2

Probable error of volume table value—

per cent .............. „._ ± 0.69

APPENDIX

BASIC DATA

The sample plots on which the yield and stand tables are based
were measured by the Division of Forestry in 1926. Out of 156 plots
originally measured, 7 were discarded for reasons to be discussed
later. The 149 actually used are from the watersheds listed in table 8.

TABLE 8

Distribution op Plots by Principal Watersheds

Watershed
Number
of plots

• Battle Creek

2

20

1

American River.

51

31

9

Mokelumne River.- 6

Stanislaus? River. 1

Tuolumne River 1

Upper San Joaquin River 27

TotaL 149

The composition of the plots by basal areas of the various species
included is shown in table 9.

[CDF-16]
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TABLE 9

Composition by Basal Area op the Plots Used

Species
Basal area

in percentage
of total

Red fir 97.41

White fir. 2.24

Western white pine. 0.23

T^gepol* pipe ,., .,! ..,,,,,.,, 0.08

Western yellow pine 0.03

Incense cedar and sugar pine.... 0.01

TotaL 100.00

The distribution of the plots by site and age classes is given in
table 10.

TABLE 10

Distribution or Plots by Site and Age Classes

Age, years
Site index--height in feet of the average dominant tree at 50 years

16-25 26-35 36-15 46-55 56-65 Total

26-35 1

1

4

5

2

7

3

6

4

2 1

1

4

36- 45 2

46- 55 1

11

7

5

56- 65 4

1

5

6

5

2

20

66-75

76- 85

1 3 14

12

86-95 „ „

96-105 „

106-115

3

1

3

10

2

6

6

5

9

2

3

3

1

18

23

8

116-125 6

126-135 3 1

2

1

10

136-145 7

146-155 1

1

1 11

156-165 ~ 3

166-175 .- 2 6

TotaL „ 5 25 39 67 13 149

REJECTION OF ABNORMAL • PLOTS

The analysis of the data for abnormalities was based on (1) basal
area to the acre, (2)..number of trees to the acre, and (3) mean
diameter breast high.

Basal Area.—Preliminary curves of basal area over age were fitted
to the data of the original 156 plots and the percentage deviation
of each plot from the curves, interpolated to nearest year, of .age and
nearest foot of site index, arranged as in table 11.

[CDF-17]
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TABLE 11

Deviation op Actual. Basal Area op Plots From Theoretical Basal Area op
Preliminary Curves Taken to Nearest Foot op Site

Index and Nearest Tear op Age

Percentage Number
deviation of plots

-35 to -44 2

-25 to -34 11

-15 to -24 26

- 5 to -14 40

5to- 4 26

6 to 15 23

16 to 25 15

26 to 35 7

36 to 45 6

TotaL 156

The standard deviation of distribution is 18.2 per cent. Four
plots which exceeded two standard deviations (36.4 per cent) from
the mean for age and site index were scrutinized in order to discover,
if possible, a reason for their high deviation. One boundary of two
of them was partly in the open, and because of the possibility that
this boundary of each was drawn in too close to the timber, giving
exaggerated figures on the area basis, these two were discarded.

Number of Trees.—Percentage deviations in number of trees of
the remaining 154 plots from the curved number of trees for age and
site index were next computed and are shown in table 12.

TABLE 12

Deviation op Actual Number op Trees on Plots From Theoretical Number
op Trees op Preliminary Curves Taken to Nearest Year op

Age and Nearest Foot op Site Index

Percentage

i

Number
deviation of plots

-46 to -65 13

-26 to -45 28

- 6to-25 32

14to- 5 29

15 to 34 23

35 to 54 13

55 to 74 7

75 to 94 4

95 to 114 3

115 to 134 1

135 to 154 1

Total.- 154

[CDF-18]

•• n"^



L,

20 UNIVERSITY OF CALIFORNIA—EXPERIMENT STATION

The standard deviation of distribution is 40.0 per cent, and the
deviation of seven plots exceeded twice the standard deviation. On
examination of these it was found that five contained a high per
centage of trees in the low-diameter classes, indicating a possibility
of the presence of two age classes. These five plots were accordingly
discarded.

Since no abnormal plots were discovered in the analysis of devia
tions of mean diameter breast high, the remaining 149 plots were
used in the construction of the yield and stand tables.

THE EFFECT OF PLOT AREA

At the time each plot was located, effort was made to enclose, as
nearly as could be judged, the equivalent of the area occupied by
the growing timber within plot boundaries. The personal factor may
have played a small part in the location of boundaries with respect
to boundary trees, but where practically all plots were well within
larger stands, as is the case with the red-fir plots, the resulting error
is probably negligible. Table 13 shows the distribution of plots by
area classes.

TABLE 13

Distribution op Plots by Area Classes

Area in acres
Number
of plots

Less than 0.100 acre

0.100-0.199

0.200-0.299

0.300-0.399

0.400-0.499

0.500-0.599

0.600-0.699

0.700-0.799

25

53

41

24

8

1

3

1

Totftl 149

Average acrea in acres 0.222

The correlation coefficient (r) between plot area and plot basal
area as a per cent deviation of yield table basal area for age and site
was found to be

r = — 0.22 ±0.053

indicating that with increase of plot area there is a tendency toward
decrease in basal area to the acre, the 59 plots having an area greater
than 0.25 acre, average 3 per cent less basal area to the acre than
the yield-table figures. The reason for the correlation, though of

[CDF-19]
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little significance in this case, is important in sample-plot work.
Should all plots' have been of the same size ? It is not probable that
the boundaries of small plots were drawn in too close to the trees,
because special care, combined with previous experience in work of
this nature, was taken with them. Suitability of plots as samples was
judged by number of trees thereon, after the stand was deemed of
about normal stocking and found to be even-aged, and not by area.
It was assumed that 100 to 200 trees would be representative of
diameter distribution for site, age, and density, and the enclosing of
about these numbers was sought regardless of size of timber; hence
plots small in area are, as a rule, samples of small timber. Where
rather abrupt changes in density occurred in such stands the policy
of locating two or more plots therein, each consistent in its own
density, was adopted. Thus average density of small plots—hence
plots of small timber—is made up of a wide range in the density of
individual plots.

In large timber, small plots are scarcely acceptable, for, on account
of the size of individual trees and distance between them, there is less
assurance that plot area is equivalent to the area occupied by the
enclosed timber. As plots are enlarged, however, especially when
boundaries are entirely within the stand, their areas approach true
stand area more certainly.

An ocular estimate was made in the field of the stocking of each
plot by basal area and this was later compared with actual stocking.
The correlation coefficient between estimated and actual stocking is

r = 0.68± 0.038

which is satisfactory, since the basis of ocular comparison (100 per
cent stocking) had not yet been worked out. The correlation shows
that dense plots were usually known to be dense at the time of meas
urement and yet were considered, in. the field, acceptable as basic
data for the yield study. Furthermore most of the denser plots were
considered among the surest measured, in that boundaries might
have been changed at will without affecting the average spacing of
the enclosed, timber.

CONSTRUCTION OF THE STAND TABLES

If the distribution of number of trees by diameter classes follows
the normal curve of error, the construction of stand tables becomes
relatively simple, as it is based on but two constants, (1) mean
diameter, and (2) standard deviation of distribution. If, on the

[CDF-20]
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other hand, frequency distribution is not normalj the computation
of at least two other constants becomes necessary, namely (3) a
measure of skewness or the departure from symmetry of distribution,
and (4) a measure of kurtosis or excess, that is, the form of the
frequency curve in the general region about its central tendencies,
which may be pointed or flat-topped, rather than normal.

It is obvious that the numerical values of these constants must
progress smoothly with increase of age for a given site index, and
with site index for a given age. At once the question comes up as to
whether the last three constants of distribution may not show as high
correlation with the first, the mean diameter, as with age and site,
since these variables, in stands of normal density, may be considered
as causal factors of mean diameter itself. "If that is true the compu
tational work may be considerably lessened, as fewer curves would
be required.

The constants may be considered separately:
Mean Diameter.—This must necessarily be correlated with age

and site as given in table 1. -
Standard Deviation.—Standard deviation of stem distribution

was correlated (1) with age and site, and (2) with mean diameter.
Percentage deviation of the standard deviation of each plot from the
two curved standard deviations was next computed and analysed
with the following results:

(1) Standard deviation of plot standard deviations, measured from
the curves of standard deviation for age and site index=20.9 per cent.

(2) Standard deviation of plot standard deviations, measured
from the curve of standard deviation for mean diameter =21.1
per cent.

It becomes apparent that the correlation of dispersion with mean
diameter is as high as it is with age and site.

Skewness.—In the trial correlation of skewness with age and site
as against mean diameter, skewness of each plot was computed by
the formula.

Z(M-Md)
skewness =

a

in which M is mean diameter, Md is median diameter and o- is
standard deviation. This formula combines sufficient accuracy with
ease of calculation, and as the calculated quantity is in terms of
standard deviation, skewness of large timber is comparable with that
of small. Correlated with (1) age and site, and (2) mean diameter,
following is the comparison:

[CDF-21]
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(1) Standard deviation of skewness of the stem distribution of
each plot measured from the curve of skewness for age and site )
= 0.446.

(2) Standard deviation of skewness measured from the curve of
skewness for mean diameter = 0.398.

In this case there is apparently closer relationship between skew
ness and mean diameter than there is between skewness and the

age-site variables.
Kurtosis.—Since kurtosis or excess of each plot is based on

moments higher than that from which standard deviation is derived
with consequent greater probable error of its calculated value, no
trial measure of kurtosis was correlated with site and age, as against
mean diameter.

Stand Tables Based on Mean Diameter.—As the correlation of

standard deviation is as high with mean diameter as with age and
site, distribution of stems may be considered as independent of the
latter variables, except in so far as age and site are causal factors of
mean diameter. Given two stands, then, of common mean diameter,
one of good site quality but young, the other of poor site quality and
perhaps 60 years older, the form of their stem distribution curves
should be identical.

The plots were therefore sorted into 2-inch mean-diameter classes. .
But in order to prevent greater than actual range in diameters on ^J
account of such rather broad grouping, frequency by diameter class
of each plot was taken, not by frequency in each one-inch diameter
class, but by frequency, in percentage of total, in each unit of one-
half standard deviation measured from mean diameter. This was

easily accomplished by constructing a cumulative frequency curve
for each plot and marking it at the upper limit of each one-half
standard-deviation unit (fig. 2). By subtraction between upper
limits of adjacent units, cumulative frequency was broken down into
ordinary frequency.

After trial by Pearson's10 and Charlier's11 methods of fitting
frequency curves to distributions, the "Type A" of the latter was
adopted because less volume and exactness of computational work is
involved. With Pearson's "Type I" system into which all the dis
tributions fall, the interdependence of half a dozen constants calls
for the use of calculating machines for computations to several
decimals—a volume of work not warranted by the accuracy needed.

loElderton, W. P. Frequency curves and correlation, pp. 1-167. Layton,
London. 1906.

nCharlier, C. V. L. Die Grundzuge der mathemattschen Statistik. pp. 3-125.
Lutkeund Wulff,.Hamburg. 1920. . v

[CDF-22]
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Charlier's "Type A" frequency fits distributions which are
unimodal and not extremely asymetrical.12 The following constants,
with mean diameter, are required:

Mx) =
_di<f>0

dx*

^6 a \o ia 14 (6 is

Diameter bneast high in inches
^r^' 2'~?rEp-h °icumulative frequency of number of trees of a sample plotshowing a step in the conversion of frequency by diameter class inincL? to
frequency in units of one-half the standard deviation.

12 Charlier's "Type A" frequency curve has the form
F(*)=— {^(z)+«3(aO+/3404(:K) I

in which

F(x) ^frequency of x (in this case frequency per unit of one-half standard
deviation measured from mean diameter).

N = total frequency.
<r = standard deviation.

1 -s2

These are tabulated for unit frequency with x in terms
olstandard deviation in Charlier, loc. cit. pp. 1BS-1S5.

Coefficient of asymetry,/53=-^(P3=the 3rd moment measured from the
mean).

Coefficient of excess,/54=^(^-3) („4=the 4th moment measured from the
x ' mean).

[CDF-23]
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(1) Standard deviation (fig. 3). The plotted points are weighted
means of individual plot values with standard deviation in inches.

25

30 32

Meai\ diameter breast -high m inches

Fig. 3.—Relation between standard deviation and mean diameter of stand.

(2) Coefficient of asymetry (ft) (fig. 4). These were computed
after plots were grouped by 2-inch mean-diameter classes and fre
quencies in units of one-half standard deviation.

£0 22 £«• 26 26 $0 32

Mean diameter breast high in inches

Fig. 4.—Relation between coefficient of asymmetry and mean diameter of stand.
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afte^fl^otinT ^ ^ ^ ^ ^ *° ^"^

4 « • >° 12 •* i6 j8 ao as-
Mean diameter breast high m inches 30 32

Pig. 5.-Ke]ation between coefficient of excess and mean diameter of stand.
From the calculated frequencies for each 2-inch mean diameter

he values of table 4were calculated by transeribiTU Xta-
frequency to number of trees according to tnemean K^TZ
total number of trees for asite-age class as given in tablH

RELATIONSHIPS WITHIN THE STAND

If it is possible to express the stocking of an even-aged stand ™
n^w Pr0baWe ma™ St0Ckin^ for site «* agrofthetpeciSmquestion aquantitative measure of the mean stocLg ofTheZZ

Plots used mthe construction of the yield tables of the specif isX
first requirement. Now it is evident that stocking by baTaT^r
volume depends not only upon number of trees to the a«e foTagl
and site but upon average size of the trees as well. But sine a™
s*e of tree can be controlled only indirectly by limiting the numbtr
with tl aVerVto variat™ of stocking should show corSionwith the number of trees. This was accordingly tried
h» .Jhe rela'icm between *«"> diameter and total number of
trees to the acre (figure 6) it is evident that, within the limits of the
data, the mean diameter varies inversely with the number of trees
This may be cheeked by comparison of the correlation coefficient'
r-a measure of linear relationship, and the correlation ratio „-a
measure of true relationship whether linear or curvilinear, in which

»• = —0.80 ±0.020
and v = 0.80 ±0.020

showing that the relationship is linear.
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w ^ w 2JO 10 - 0 + 10 20 30 *0 50 60 70 eo SO
Deviation of total number of trees on plot* from yield table.in per cent

Fig. 6.—Relation between mean diameter and number of trees to the acre.

The relation between basal area to the acre and total number of
trees to the acre is of a different type. In figure 7 it is apparent
that as the number of trees is increased, the basal area increases up
to a certain point beyond which it tends to fall off. That the relation
ship is curvilinear is brought out by the difference between the
correlation coefficient and correlation ratio, in which

r — 0.439 ±0.044

,,= 0.540 ±0.039

The peak of a curve fitted to these data should represent probable
maximum stocking by basal area that the species can attain, but as
the course of the plotted data is not rigidly defined, a free-hand curve
is likely to be too subjective; hence parabolic regression is fitted by
the method of moments.18

The relation of cubic volume to total number of trees (figure 8)
is similar to that of basal area but is not as strong, as indicated by
the following correlations:

r = — 0.006 ±0.056

,7 = 0.373 ±0.047

is Pearson, Karl. On the general theory of skew correlation and non-linear
regression. Mathematical contributions to the theory of evolution XIV. papers
Company Research Memoirs, London University, pp. 3-54. figs. 1-5. 1905.
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Fig. 7.—Relation between basal area and number of trees to the acre.
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Greater variation in cubic volume for a given number of trees is due,
in part at least, to greater variation in height of trees in crown classes
below the dominant class.

*>
w 70 60 50 40 30 20 10 - 0 + 10 20 ao #0 50 60 .,„ „„

Deviation of total number of trees on plot* from yield table, in per cent
Fig. 8.—Relation between cubic volume and number of trees to the acre.
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The effect of number of trees on volume board measure shows the

same general tendency (figure 9). But since

r= —0.006 ±0.056

and 17 = 0.278 ± 0.052

the relationship is weak, being partly upset, like that of cubic volume,
by greater variation in height of trees below the dominant-crown
class, and partly by the number of trees below the 8-inch diameter
limit which do not at all contribute to board-foot contents.

[CDF-28]
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Fig. 9.—Relation between volume board measure and number of trees to the acre.

If the regressions as graphically shown, indicate the effect of
increasing the number of trees on basal area and volume, then the
average stocking of the basic plots as measured from the maximum
for the species may be judged by the difference between the height
at culmination of the curves and the zero base. On these premises
yield-table figures give roughly 9 per cent less than maximum basal
area, 6 per cent less than maximum cubic volume, and 3 per cent less
than maximum board foot volume. The tables, then, state gross-
volume close to the productive possibility for red fir, and the figures
given are attainable only when the entire area is producing timber.
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