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ABSTRACT
M

Even-agéd Welllstocked aspen stands in Northern
Alberta were sampléd in order to derive "normal" yields per
\aCre for number and éize Qf tnées,‘basal area, and various
measures of volume. The stands bccUr chiefly on three |
Quaiities ofisife which have been classified into Fair,
Medium and Godd by the a?eragé height of dominant trees at
80 years. ~Excéptiona11y high mortality per decade is char-
acteristic in fully stocked young aspen stands aﬁd the
relétion 6f number  of trees per acre to average diameter 1is
‘markedly different fro@.ﬁhe trends found bybinvestigators for
other species},,A pablé:of stand»dgnsityAunits was constructed
to permit the:rapid}caiculatién of standédénsity index wheh
average diémeter and number of trees per acre havé been deter- -
mined. | | |

The méan‘annual éuﬁié:vbiume_érowth on medium sites
is maximum at age O. For merchantable cubic and board feet,
growth reaches a peak ét_85véhdt13oﬂyears~respeotively; Data
from two other regions show tﬂa%jthe amount of cull is high in
‘aspen trees above 80<yeérsqu ag;; this indicates that the
- wood éhoﬁld be utilizéd“befbre“a'stand—age of 130 years is
‘reached if maximum retufn'in béérd foot volume is desired.

By 14O years aspen stands éhdw signs of breaking up.



The hardwood stands méasured were coméésed mainly
of aspen but Both white birch}gnd black poplar occurred on -
many of the plots. The growth.ofithe.black poplar is only~.
slightly less than that. for the aspen. It has consistently
iowef vgluMes per tree which permits the use of éspen

volume tables when correction factors are applied,
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YIELD AND VOLUME TABLES FOR ASPEN IN

CENTRAL AND NORTHERN ALBERTA

INTRODUCTION
) .

Aspenl.(Populus tremuloides Michx.) is the most

abundant tree of the foothill and plains region of Alberts,
buf at present it is of general value only as a cover crop.
Loeally, it is important for fuelwood, fenceposts, wagon
stock, rough lumber, and logs fof log cabin eonstruction.
This situation egists'fer many reasons, the most significant
ones being, (1) the range of aspeﬁ is so extensive that out-
side markets have adequate supplies, (2) the more valuable
coniferous woods on tbls contlnent gre still relatlvely
plentiful, (3) the prevalence of heart rot in aspen makes 1t .
unsuitable to an industry which is geared to the production
of lumber only.

The future possibilities for this species are there-
fore subject to speculation, but the ever increasing value of
wood and its by-products strongly indicates that it is only
a question of time before aspen will be important in the
provinecial forest eeonomy. |

It was in anticipation of an increased interest in

and utilization of aspen that this study was undertaken.

1Other names in use are: white poplar, poplar, popple, asp,
aspen poplar, quaking aspen, and smooth-barked poplar.

[



. .

THE POPLAR FOREST SAMPLED
The area for which the present yield tables were
constructed is contained within the limits of the B 18 region
described by Halliday (5). The bulk of the sample plots
measured, however, are concentrated in the vicinity of the
Lesser Slave Lake sub-drainage where poplar attains optimum
development. Additionsl data were collected west of Edmonton

in locations .shown in red in the sketch map, Figure 1.

e Loce

LoAche

———— ]

FIGURE 1 - Map showing location of sample plots; each dot
marks a locality where one or more plots were taken.
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Only a few of the rivers and streams which wind through the

entire region are shown and, although a gently rolling country-

~side is a feature of the topography, the larger.streams,‘centres

of rather deep U-shaped valleys, provide abrupt relief to an

otherwise regular landscape.

The forest cover in general is of a patchy nature
due in part to the destruction caused by past fires and to
the heterogeneous mixtures of aspen with white spruce (Picea

glauca (Moench.) Voss), balsam fir (Abies balsamea (L.) Mills),'

lodgepole pine (Pinus contorta Dougl.) and jack pine (Pinus

Banksiana Lamb.). The many swamps of black spruce (Picea

mariana (Mill,.,) B.S.P.) hut add to this apparent patchiness,

. ) 1 L
Of the hardwoods black poplar (Populus balsamifera L.) and

white birch (Betula papyrifera Marsh.)sare seldom ent%rely
absent., The former ié the‘more common pérticularly in moist
habitats, existing in pure stands on the alluvial soils of the
river flats, or as large individuals along creek margins. The
blgck poplar,compétes'successfully with aspen as a general rule
but the degree of its success depends upon soil and moisture
characteristics, White birch may be found growing in almost
pure stands of high marketable valuevin a few localities but
such occurrences are not very.common. It most frequently exists
in the mixtures as a twisted épindly tree of relatively 1little
commercial importanbe. The average percentage composition gnd
frequency of occurrence of thése deciduous species included in
the plots measured are shown in Table 1. These figures should

not be taken as representative of the entire region but of the

population sampled.
1

Other names in use are: Balsam poplar, balm, balm of Gilead,
poplar, tacamahac, and rough-barked poplar.
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. TABLE 1
STAND COMPOSITION AND FREQUENCY OF OCCURRENCE OF SPECIES
ON SAMPLE PLOTS

fCompogitioﬁ Frequency

© Common ‘- T by of i
name Scientific Hame basal area occurrence
, - % %
Aspen . Populus tremuloides Michx. 93.92 100,0
Black poplar . Populus balsamifera L. @ = 5,16 71.8
White birch ~ Betula papyrlfera Marsh. 0.92 28.2

ASPEN YIELD TABLES

The yleld tables presented are derlved from stands
estimated to be utillz1ng‘ful;y the growing capacity of the
land, In such.stands:the.aspepfcrowns form a fairly complete
canopy except in the/caee Qf‘those under 30 years of age.
‘Here the crowns beCOﬁe.narrower and an apparent overlapping
is characteristic. Xieids obtained from such fdlly stocked
stands are commonly referfed to as "normal yields. There are
a number of obvious objections to both the basis of sampling
and the application of the resulting yield tablesAbut‘it will
be generally agreed that normal yield tables have been and are
useful during early phases of forestry development.

Tables 2 to 6 inclusive, show total height of. the
average dominants, number of trees, average size of tree, basal .
area, and volume of wood per acre for different ages and qual-
ities of site. They are the result of a project begun and

completed during the summer of 1950. In this study yields of

Ifully stocked stands containing even-aged aspen betWeen 10 and

140 years were measured on 89'émall‘temporary sample areas
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TABLE 2

TOTAL HEIGHT OF AVERAGE DOMINANT ASPEN

. 1,
Total Totel ht. by site index Total Total ht. by site index

age 50 60 70 80 90 age 50 60 70 80 90
years ft. ft. ft. ft. f¢t. years ft., ft. ft, ft. ft.
10 10 14 17 20 23 70 L7 56 k6 75 85
20 20 2 31 36 le 80 50 60 70 80 90
30 28 35 L1 48 55 90 52 63 73 84 94
4o 34 L2 L9 57 65 100 54 65 76 86 97
50 39 47 56 64 73 110 56 67 178 89 90
60 43 52 61 70 79 120 &8 69 80 91 102

1 total height of average dominant aspen of 80 years

' ASPEN RN
100l—— SITE INDEX*GRAPH ——
: ‘NORTHERN ALBERTA 1 /,..-———80
9o} mixed wood and pure stands —— ] _
' // / //70
080 // . e
L]
S7() A 4 ‘ . |_—+60
|60 /f/////////’ — — 50
E > b ,
‘gso B / // ,/ - / ] :
§ //// //
$ 40
N ////,/////*////
1530 v
15 ////
1’320}
=
10 B
Age - Years
| ] [

- 10 20
* the index age

30

40

50 60 70 80 90 100 110 120 130 140 1501
is 80 years : :

FIGURE 2 - Height curves used for site classification.
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TABLE 3 .

TOTAL NUMBER OF TREES PER ACRE

~=

‘Total f Trees per acfe-by site in@ex: ,

age 50 60 70 80 - 90 -
\?years) _ ' - Number
10 10,000 4 8500 7700 6700 6050
20 6900 ° 5800 5000 L1100 3750
" 30 700 .3900 3300 . 2800 . - 2500
Lo - 3250 2650 ) 22110 1900 1680
50 2200 1840 1550 1350 - 1180
- 60 1550 1300 . 1100 960 850
70 1100 930 . . - 800 705 630
80 790 690 : 600 - 525 , L70
90 610 : 535 165 410 370
- 100 1195 L35 380 330 295
110 L20 - 365 320 280 2L5
120 370 . ‘315 276 210 210
- TABLE. I}

DIAMETER OF THE AVERAGE TREE BY AGE
CLASS AND SITE INDEX

Total Diameter at breast height

_age B by site 'index:
50 60 .70 8Q . 90
(years) . L - Inches D
10 0.6 0.7 - 0.8 1.0 1.3
20 1.3 1.5 1.7 2.0 2.3
30 1.9 2.2 . 2.5 2.9 3.2
Lo 2.5 2.9 - 3.3 - 3.8 h.2
50 3.2 3.6 el L6 5.1
60 3.8 Ll h.9 - 5.5 = 6.1
70 Ll-oé ' 5'2 5'9 605 7.1
80 S.h 6.1 6.8 7.6 8.3
90 6.2 6.9 7.8 8.6 9.l
100 6.9 7.7 8.6 9.6 10.5
110 7.5 8.4 C 9 10.4 11.5
120 8.0 9.0 - 10,1 - 11.2 12.4




TOTAL BASAL AREA PER'ACRE INCLUDING ALL

=7=-_

. TABLE 5

TREES 0.6-INCH D.B.H., AND LARGER

Total Basal area per acre by site index:
age 50 60 70 80 90
(years) , 'Square feet
.10, 1l 26 38 50 61
20 - 66 78 91 103 11l
30 ol 106 119 130 141
Lo 111 122 136 147 158
50 118 - 130 143 155 168
60 122 13k 1,48 160 172
70 12l 137 150 162 176
80 126 139 152 16l 177
90 128 10 15 165 178
100 128 140 154 166 178
110 128 140 15h 166 178
120 128 140 15k 166 178
. TABLE 6
YIELD PER ACRE IN CUBIC FEET, EXCLUDING BARK,
,,,,, ~ FOR ALL TREES 0.6-INCH D.B.H., AND LARGER
-~ ' :
| Total Yield per acre by-siﬁe'index:
age . B i
50 60 70 80 90
(years) » Cubic feet
v, 10 80 180 280 1420 570
20 620 - 855 1120 1415 - 1715
30 1145 11,80 1890 - 2315 2775
o) 1605 - 2030 2575 . 3145 3775
50 1970 2,180 3115 3800 . L1555
60 2270 2850 3560 345 5155
70 2525 3180 3925 . 14790 5685
80 2735 3410 - haho . 5160 6115
90 - 2910 3650 4510 5460 6L75
100 3050 3805 14730 5700 . 6760
110 3165 . 3920 11900 5900 6980
120 3256 7170

14030

‘5935

- 6080




FIGURE 3 - Number of trees per acre showing trends with
and site index. o ' ,




FIGURE E . Total Basal sres per acre for trees over O. 6-
inch d.b.h., showing trends with age and slte index.







rlls-.
seattefed'thneughoutvthe region shoWn in Figure 1., -For each
plot age, site quality, number and sigze of trees andiduantity
of wood were - carefullv determlned. Full details of the analy- .

sis and methods of measurement are descrlbed in the Appendix,

‘The variables shown in the tables were analysed and related

to age and site from'which yields per acre for each of the age
and site classes shown were obtained.
These yleld ‘tables are strlctly only applicable to

the area sampled but it is believed they may be used with some

assurance over the reglon included by Grande Prairie, Peace

River, Athabaska and Lac La Biche, South of Edmonton the poplar
has a scrubby appearance and from the few measurements availaﬁle
the height-diameter relatlenships have a different shape. This
evldence_is inconclusive and does not permit limiting the area

of applicability; It does indicate however, that poplar growth

in other parts of Alberta may not be comparable with the yield

table values. For stands with a different degree of stocking
from that shown in the tables, predicted values must be corrected
according to standard procedures. The amount of this correction

will be described ldater under "density."

Height Growth and Site Index

The height attained by the average dominant at 80
yeafs was used as the index of site quality. This age was |
chosen because aspen stands by this tlme‘have attained ﬁaturity,'
and because this age has been used to develop site curves for

white spruce (6) which is commonly associated with the poplar.
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The following illustrates the rather striking similarities
between plot frequency occurrence perceht for the three

- principal site classes,

Site classes A Frequency of ﬂlot occurrence
. ~ aspen white spruce
(height at 80 years) (percent) (percent)
70 L2 -~ Lh
"~ 70-80 : 71 72
60-70-80 N ¥ 93

Figure 2 portrayé the trend of average dominant
height with age from which the values in Table 2 weré derived.
- The use of this information to estimate site quality of an

area followé étandard procedures when age and aversage dominant
height are known. In stands above 100 vears of age, the aver-
age height of the upper canopy may be used since dominants
"are difficult to recognize. For younger ages the average
height of from l} to 8 dominants is adequate, particﬁlary if
the stand has a uniform appearance. For varied types of stands,
larger samples should be taken. In this study, the diameters :
of the dominants were averaged for each plot and used to obtain
dominant height from the height-dismeter curve, The difference
between this estimate and the average of actual helghts is
smail and will likely be unimportant in practical work. The
mechanics of estimating site index may beét be illustrated by
an_examplé. |
If the cruise information shows the age of fhe stand to.
- be 60 years and the average helght of the dominants to
‘be 65 feet, what is the site index?
A‘Referring to Figure 1, opposite an age of 60 on the horizontal

axis,'é height of 65 feet falls between site class 70 and 80,
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whieh may be interpolated by eye as. 7. The same result may

be obtained from the use of Table 2. A height of 65 feet falls

between the 70 and 80 site index class, which calculated pre-

cisely is, 70 £ (4/9 x lO or 7u In practice usually‘only

broad site 1ndex classes are used so for convenience a de-

scriptive title has been given to each.

Site Index
Very best or excellent o ‘ 90
Good S : 80
Medium : , 70
Fair - o ’ . 60
Poor Lo 50

Number and Size of Trees

Figure 3, from which Table 3 was derived, depicts
the total number of trees_dsé-incﬁ,d.b.h., and larger by age
classes. From 10 to- 50 yeefs éﬁ ﬁedium sites the number of
trees per acre‘decreases ffom 7700 to 1500, an average mortsl-
ity per decade of 1500 trees. Frem ages 50 to 100 years the
mortallty per decade decreases to 234 trees.. For DQUglas fir~
in the Pacific Northwest by comparison, the mortality is only
360 and 60 per decade respectively for'thevsame periods.
Similar high mortality for aspen has also been found in the
Lake States; Zehhgraff (20) refers to "fhe’exeeptiohally high
mortality rate of the species" (aspen) as one of the underlyiﬁg

reasons earlier-Lake States estimates of volume yields were
found to be too high. |

The large number of trees per acre in the young

age classes arevreflected in the small average stand diameters,

-~
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(Figure L arid Table ). This situation leads to an unexpected
effect on diameter increment per decade since from SO'to IOOv

years it 1s slightly greater than from ages 10 to SO years.

Basal Area Yields

The trend of basal area with age for five sites is
‘shown in Figure S.A-The avérage values fbr each site and age
class are shown in Table 5', On medlum sites, age 50 143
square:feet of- basal:area are produced; thls “increasés to lSu

by age 100.

Volume Yields

Total Cubic Feet
Figure 6 portrays ﬁhe'toﬁal wood produced with increas-
ing_age,‘including stﬁmp ahd top, in all trees O.6finch_d.b.h.,‘
and larger. Volumes for each gité and age class are given in

‘Table 6,

Merchantable‘Cubié and Boérd Feet

Yields in merchantable cubic and board fdot volume,
by the Scribner log rule, for portions of stands on the differ-
ent sites, are presented in Tables 7 to 11 inclusive. ,Figures‘
7 and 8 show the yields at vearious ageé by site classes in
: cubiQ feet for trees h-inéhés d.b.,h, and larger, and in board
feet for trees 7-inches d;b.h. énd over, The merchantsble tables
ﬂwere computed from total cubic yield values by means of factors
obtained from the ratio of merchantable volume to.tétal cubic
volume, plotted over average ‘stand diameter. Flgures 9 and 10

illustrate the ratio trends for cubic feet 1n trees u 1nches d.b.h.
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a?d largef, and for board feet in' trees 7;ipches d.b;ﬁ., gnd.
above, respectiveiy. | | . |
The ratios are of value for rapid conversion into"
the desired units of measure. Afterfthe average diameter
and total cublc volume, have been computed 6thef volume -
measures may be obtained readily, The aécuracy of these
converted volumes will depepd.én the degrée.of stocking and
the distribution of the stem dliameters. If the former is
average and the latter more or less regular, no serious
inaccuracies should result. The conversion units used are

presented in Tables 12 to 15 inclusive.
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TABLE 7

YIELD PER ACRE IN CUBIC FEET OF MERCHANTABLE STEM,
EXCLUDING BARK, FROM A‘1-FOOT STUMP TO A’ |;-INCH
TOP INSIDE BARK FOR ALL TREES l;-INCHES
D B.H, AND LARGER

Total Yield per acre by site index:

age 50 20 70, 80 90

(years) Merchantable cubic feet
10 - - - -

20 - - ' - W ~ luO.

30 20 95 . 220 Lo - 695

Lo 185 385 - 710 . 1230 1790

50 195 860 1415 2070 2825

60 890 1455 -, 2105 2900 3725

70 1375 2010 - 2770 3600 - 11180

80 1795 2185 3270 4185 5110

90 2125 2835 3695 11620 5620

100 2370 3100 ~ [joo0 - 4975 6045

- 110 2555 3290 255 5255 6370

© 120 2690 3455 4hss - 5520 : 6655

TABLE 8

"YIELDS PER ACRE IN CUBIC FEET OF ME "RCHANTABLE STEM,
EXCLUDING BARK, FROM A 1-FOOT STUMP TO A 4-INCH
TOP INSIDE BARK FOR TREES L-11 INCHES
. D B.H. INCLUSIVE

. Total Yield per acre by site index:
age 50 60 70 80 90
(years) ’ Merchantable cubic feet
10 = - - - -
20 - - - L5 140
30 . 20 95 220 oo 695
o) 185 385 710 1230 1790
50 . 495 860 S 1hls 2070 2825
60 890 1455 2105 2900 3725
70 1375 © 2010 2770 3600 Lh2o
.80 1795 © . 2485 3270 3925 Ll2s
90 2125 - 2835 3395 3855 4170
100 2370 2880 3340 . 3560 3525
110 2370 2815 3155 3145 2585

120 2345 2725 . 2875 2545 - 1350
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TABLE ©

YIELDS PER ACRE IN CUBIC FEET OF MERCHANTABLE STEM,
"EXCLUDING BARK, FROM A 1-FOOT STUMP TO A L-INCH
TOP INSIDE BARK; FOR TREES 12 INCHES

D. B H. AND LARGER .

Total Yields per acre by site index:
age 50 60 70 80 90

(Years) Merchantable cubic feet
10 - - - - -
20 - - - - -
o i i i i i
0 - - - - -
50 - - - - -
60 - - - - -
70 - - - - 66
80 - - - 260 685
90 - - 300 765 1450
100 - - 220 660 1415 2520
110 135 W75 1100 2110 3785
120 275 730 1580 2975 5105
TABLE 10

YIELDS PER ACRE IN BOARD FEET, SCRIBNER LOG RULE, FROM
A 1-FOOT STUMP TO A 6-INCH TOP INSIDE BARK; FOR ALL
TREES 7= INCHES D.B.H. AND LARGER

|

Total Yield<per acre by site index:
age : 50 60 70 80 90
(years) Board feet
10 - - - - -
20 - - - - -
30 - - - 55
o - - 90 375 755
50 Lo 200 560 1160 2070
60 270 725 1,05 2630 4510
70 770 1560 3060 5270 8640
80 1545 3010 5470 9905 14980
90 2705 4965 9380 14525 20395
100 4150 7610 12580 18640 25215
110 5825 9880 15,35 21770 28550
120 7260 11725 17825 21,320 31045
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. TABLE 11

YIELDS PER ACRE IN BOARD FEET, SCRIBNER LOG RULE, FROM
A 1-FOOT STUMP TO A 6-INCH TOP INSIDE BARK; FOR ALL
‘ TREES 12 INCHES D BuH. AHD LARGER

i i o

Total ¥1eld per acre by site index:
=t 50 60 om0 90
(vears) : : Board feet‘

10 - - - - -
20 - - - - -
B - g 2

0 - - - - “

B0 - - - - -
60 - - - - -
70 ~ - - . 190 655
g« - 320 1060 . 229
0 - 230 410 2f6h  BH3E

100 275 855 2225 5815 11965

110 585 1590 L265 9910 - 18845

120 e 25uo . 7156 - dheGo 25310

FIGURE 7 - Yield per acre in céubic feet of merchantable stem,
excluding bark (to a li-inch top inside bark), showing trends
with age and site index.
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FIGURE 9 - The relationship between the
~merchantable cublc foot-total cubiec foot
volume ratio, to average stand d.b.h.
where the merchantable stand includes
trees li-inches and larger,.
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TABLE 12

GONVERSION UNITS APPLIED TO TOTAL CUBIC VOLUME OF WELL
STOCKED ASPEN STANDS TO OBTAIN MERCHANTABLE CUBIC
VOLUME OF ALL TREES L -INCHES D.B.H. AND LARGER

Average
stand

Average stand diameter,tenths of an inch

0.0 0,1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9

d.b.h. Conversion units, total cubic to mer.cubic vol

F

.,trees I’}

b
o

o o e o © & o o o

Y

NMHOWV I F WS
sleNoRoNoNoloNoYoNa o o Ry

= =

[
/2]

.033
.210
435
.606
0715
.783
. 826
.857
. 883
.90l
.922

-0L9
.230
455
.620
.723
.788
.830
L 860
.885
. 906

. 065
.251
Y7l
° 33
=
.833
.862
. 887
.908

.92l .925

0099
.298
.511
.6L5 5656
. 738 745
.799 .803
.836 .839
.865 . 868
.889 .891
.910 .911
.926 ,928

082
275
-493

.116
. 322
.528
.667
.752
-807
-843
.870
.89
.913
.933

.13l
.36
. 5U5
677
. 759
.811
. 8Li6
.873
.895
.915
.932

.152
(] 369
.560
.688
. 765
.815
. 849
.875
.898
.217
.934

.170
. 392
.575
.697
771
.819
.352
.878
.900
0918
.936

<017
.190
L1l
.591
. 706
<777
.822
-85
. 880
.902
.920
.937
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TABLE 13
CONVERSION UNITS APPLIED TO TOTAL CUBIC VOLUME OF WELL

STOCKED ASPEN STANDS TO OBTAIN MERCHANTABLE CUBIC
VOLUME OF ALL TREES 12-INCHES D.B.H.AND LARGER

Average  Average stand diameter,tenths of an inch
Stand 0.0 Ool 002 003 O.Ll: O.; 006 Ol? 008 009
d.b.h. Conversion units,total cubic to mer.cubic vol.trees 12"+

(igchesf

.0 - - - - - - - - - -
7.0 .00} .011 ,019 ,026 ,034 .0O42 .050 .058 .066 .075
8.0 .08y .09 .103 .112 ,121 ,131 .140 .150 .160 .170
9.0 .818 .191 .202 .213 .22 .236 .248 .260 .273 .286

10.0 .300 .31h .328 .343 .358..373 .389 .05 .421 .437

11.0 45k 472 489 506 .52l .542 .561 .580 .599 .618
12.0 3

7 .656 675 694 712 .729 JTLT .76l .780 .796

TABLE 1l

CONVERSION UNITS APPLIED TO TOTAL CUBIC VOLUME OF WELL
STOCKED ASPEN STANDS TO OBTAIN MERCHANTABLE BOARD
FOOT VOLUMES SCRIBNER RULE, OF ALL TREES
7-INCHES D.B.H. AND LARGER

Average Average stand diasmeter,tenths of an inch
stand 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 )
d.b.h. Conversion units, total cubic vol. to board ft.,trees 70y

(inches)
3.0 - - .02 .04 .05 .06 .08 .,10 .12 .14
.0 .16 .18 .20 .23 ,26 .28 .30 .34 .36 .LO
5.0 Ji2o 46 49 .53 .56 .60 .64 .69 .73 .78
6.0 .82 .88 .93 .98 1.04 1.10 1.16 1.22 1.29 1.36
7.0 1.h) 1,52 1.60 1.68 1.76 1.84 1,92 2.00 2.08 2.16
8.0 2.23 2,31 2.38 2.45 2.52 2.59 2,66 2,72 2.79 2.85
9.0 2.91 2.97 3.03 3.09 3.15 3.21 3.27 3.32 3.38 3.43
10.0 3.49 3.54 3.59 3.6l 3.69 3.73 3.78 3.82 3.86 3.90
11.0 3.93 3.97 4.00 4.03 4.06 11,09 L.12 [.15,L.18 .21
12.0 h.23 4.26 .29 11,31 4.33 4.35 4.38 L. 40 4.h42 L.hh
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TABLE 15

CONVERSION UNITS APPLIED TO TOTAL CUBIC VOLUME OF WELL

STOCKED ASPEN STANDS TO OBTAIN MERCHANTABLE BOARD
FOOT VOLUMES, SCRIBNER RULE, OF ALL TREES

12-INCEES D.B.H., AND LARGER

Average

Average stand dismeter, tenths of an inch

’ Sta.rld OOO Ool 002 003 OQLL 005 Oc% O.Z 008 009

d.b.h., Conversion units,total cubic vol. to board ft,trees 1274+
(inches)
6.0 - 0.01 0.02 0.02 0.03 0.0l:0.05 0.06 0.08 0.09
7.0 0.10 0.12 0.13 0.15 0.16 0.18 0.20 0.22 0.25 0.27
8.0 0.30 0.32 0.35 0.38 0.40 0.4; 0.47 0.40 0.5% 0.58
9.0 0.63 0.68 0.74 0.80 0.87 0.95 1.02 1.10 1.18 1.26
10.0 1.3 1.42 1.50 1.59 1.68 1,77 1.86 1.95 2.04 2.1%
11.0 2.23 2.32 2.L41 2.51 2,61 2.70 2.80 2.89 2,99 3,0
12.0  3.17 3.26 3.35 3.44 3.53 3.61 3.70 3.78 3.86 3.94
TABLE 16

MEAN AND PERIODIC ANNUAL ASPEN GROWTH PER ACRE IN CUBIC
FEET, ENTIRE STEM, EXCLUDING BARK, ALL TREES 0.6-
INCH D.B.H., AND LARGER

4

i\ y

{ |
(years) ‘Mean and periodié annual growth
, per acre by site classes:
Total Fair 60 Medium 70 Good 80
age m.a.i. p.e.i. m.a.i. p.2.i. m.a.i. p.a.i.
Total cubic feet
10 18.0 - 28.0 - Lh2.0 -
20 L2.8  65.5 56,0 80.5  70.8  9L.0
30 b9.3 59.0 63.0 73.5 77.2 87.0
10 50.8 50.0 6.l 62.0 78.6 75.0
50 49.6 41.0 62.3 119.0 76.0 59.5
60 7.5 35.0 59.3 39.5 72.1 119.0
70 LS.l 29.5 56.1 3.0 68,1 40.5
80 43.0 23.0 53.0. 29.0 6l.5 33.5
90 L40.6 18.0 50.1 2.5 60.7 26.5
100 38.0 13.5 L7.3 20.0 57.0 22.0
110 35.6 11.0 Wh.S5 15.0 53.6 18.5
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Increment and rotation age

Tables 16, 17 and 18 show rates of growth on Fair,
Medium and Good sites in terms of periodic and mesn annual
increment. Tables 16 and 17 show these growth values in cubid
feet for the entire stand and for the merchantable portion.

The values -in Teble 18 are expressed in board feet for‘the trees
7-inches and oﬁér.

The rotation age i1s usually referred to as the age at
which periodic and mean annual growth are the same. In practice,
the number of years that wili be required to obtain regeneration
after the fingl cut, should be included. Since aspen produces
séed frequehtly'and abundantly and is capébie"of prolific coppice
growth it may safely be assumed that a new crop will come in
immediately and no additional years need be added. A stand cut
at the rotation age will yield the maximum volume return:per
year of growth. Rate of growth is only one of a number of fact-
ors to be evaluated in fixing the pféper age at which to cut é
given stand. The type of product desired, the financial aspects
of forest manggement and the silvicultural features of the for-
est must all be taken iﬁto account.‘ Nevertheless; volume pro-
duction alone is en important item. It will be noted from the
tables that the peak of mean annual growth is influenced by
site and measure of voliume. The rotation ages indicated by the
data collected in this study are shown in Table 19.

For maximum production of wood per acre, short rota-
fions of 40 years are indicated. Since most of the trees in

stands of this age are below lj-inches in diameter, a LO-year
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rotation period is of rather theoretical interest at present.
This low rotation age, however, it is interesting to note, is
the same as that suggested by MacLeod (6) for aspen in mixed-
wood stands growing in the same general area. When only trees
li-inches d.b.h. and larger asre considered, the rotation period

is lengthened to 85 years. For board foot measure, trees 7-

inches and above, a rotation interval of 130 years 1s indicated.

TABLE 19

ROTATION AGE TO THE NEAREST HALF DECADE FOR MAXIMUM WOOD
PRODUCTION,ACCORDING TO PORTION OF STAND AND UNIT OF
VOLUME CONSIDERED,FOR THREE SITE CIA SSES

Site index
When unit of volume and part of stand 1is Fair Med. Good
60 70 80
‘ - . ' Total age in yrs.
Total cubic volume, all trees 1" 4 included o Lo 35

Merchantable cubic feet,all trees L" 4 included 90 85 80

Merchantable board feet,all trees 7" + included - (130) (125)
(Serib.rule)

( ) - bracketed figures are extrapolated.

Cull

Unfortunately there is no information on the amount
of wood rot per tree for the area nor were any data taken in
this study. Some consideration mﬁst be given to this very
Important factor, however, whidh 1n other areas is the greatest
single cause for cull in aspen. Although it is obviously unwise
to aprly cull percentages derived from studies made in other

regions, some of the déngers in doing so may be more apparent

than real, particularly when one pathogen, Fomes igniarius, is
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the most important rot causing agent throughout the entire
range of poplar.

From Black's data (1), for aspen in Northern
Ontario, figures on percentage of cull related to diameter
were used to estimate total rot in percent for each plot
measured in Norﬁhern Alverta., The values shown in Table 20
were read from a graph where these percentages were cor-
related with age.

R

TABLE 20

CULLl PERCENT, FOR TREES l;-INCHES D.B.H. AND LARGER,

RELATED TO ASPEN TOTAL AGE FOR MEDIUM SITES

. b ¥

Total age Cull Total age Cull
(years% (percent) (years% (percent)
30 1.0 80 9.0
4o 21,0 90 13,0
50 2.0 100 18.0
60 5.0 110 22.0
70 6.0 120 27.0

Meineke (8) studied the pathology of aspen in Utah in
1929. The cull percentages shown in his publication are-similar,
when correlated with age, to the values in Table 20. The per-

centages derived in both regions are given below for comparison:

Age © Cull as a percentage of merchantable volume for:
Northern Ontario Utah
30 1.0% 1.0%
60 , L.o% 3.5%
90 13.0% 9.0%
120 27.0% 30.0%

It should be noted that the cull percentages shown for the two

regions do not have a strictly cémparable basis. In Black's

1All portions of the merchantable stem having a rot diameter
greater than l-inch; based on Black's data (1) for aspen in
Northern Chtario.
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study, merchantable length included that portion.of the stem
from a 1-foot stump to a 3.5-inch top; anywportién of the stem
with a rot diameter greater than l-inch was culled. The volume
of this culled portion was then expressed as a percentage of
the total volume of éach tree. Meinecke included as merchant-
able stem that portion between a 1-foot stump ahd a 2-inch top.
de expressed the volume of the mass of decay as a percentage of
the merchentable volume of each tree. Black considered oniy
trees above 6-inches d.b.h., and although Meineke measured
merchantable trees, the lower diameter 1ihit employed is not
clear. For large samples these differences in method are small,
increasing the possibility that the similarity of the percent-
ages shown above ére not due to chance alone. Although these
cull percentages are not strictly applicable to Northern |
Alberta aspen, if is likely that the erférbincurred will not be
great if they are applied as a correction to volume estimates
for that region,

The cull figures indicate also that for stands older
than 80 years, an allowance for rot is necessary if volume
estimates are to be of much value, and that it may be better to
employ the estimated deductions then to disregard them entirely.

Application of the cull percentsges givén in Table 20
to volume ylelds, changes the rotatiqn ages previously suggested
very little for both total and merchantable cubic feet. For
stands 120 years and older, amount of cull is high which should
result in lowering the rotation period given for board feet,
Since these agés are beyond the range covered by the data an

ad justed rotation age cannot be determined.
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Density

Basal area as a measure of density in the application
of normal yield tables was found by Meyer (10) to be better
than any other yield table measure., Basal area can be obtained.
from field data and compared to the tabular value. (interpolated
from the yield tsbles according to age and site index) in order
to obtain a stocking value for a forest. The ratio is usually
expressed in percent. Thus, in the case of aspen, if the basal
area of a stand of site quality 80 and age 60 has been computed
as 130 square feet per acre, it is compared with a density of
160 square feet (from Table 5). The stocking therefore, is
130/160 x 100 or 81 percent. For future predictions of growth
it is usual to assume that this figure will remain the same;
thus at age 100 the basal area will be 166 x .81 or 134 square
feet. Growth information from permanent plots indlcate that a
trend towards normality takes place in overstocked and under-
stocked stands. Use of the above assumption, therefore, is to
glve conservative future growth estimates for understocked
stands (the most common) and optimistic forecasts for stands |
which are overstocked, The extent of this error will depend
upon stocking, age of the stand and growth characteristics of
the particular species in question.

Although basal area has been suggested here as the
measure to be used when estimating density in conjunction with
the yield tables, number of trees per acre has been receiving
greater attention by foresters when related to the diameter of

the tree of average basal area. Reineke (16) has shown that for

—
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a number of species this relationship assumed a straight line
form when plotted oﬁ double logarithmic paper. Out of the 1l
species that were tested the slopes for 12 of these were the
same. Employing an average d.b.h., of 10 inches as his index
diameter and a sheaf of lines parallel to the main guide line,
he was able to ascribe a density number to any stand where the
number of trees per acre and the average stand diasmeter were
known. This stand density index is therefore the number of
trees per acre at an index diameter of 10 inches, Mulloy (12)
(13) has brought the stand density index concept to the atten-
tion of Canadian'foresters and Spurr (19) also has explored its
possibilities. Although stand density indices have not been
employed to develop any portion of the yield tables, they are
presented here to facilitate comparison with aspen growing in
other reglions where this measure of stocking is used. It will
- also be shown that the slope of the regression line of number
of trees on average diameter (on double logarithmic paper) may
be quite different for aspen than the one derived by Reineke
and used by Mulléy for specles in Eastern Cenada.

| To determine the regression line, the average of the
number of trees per acre in each 2-inch average dlameter class
was ploﬁtedlover average d;b.h. on log paper. »These points are
shown in Figure il, and a straight line obviously fits the data
best. The equatibn was determined as log N = -1,767 log D ¢
4.257, where N equals the number of trees per acre and D the
basal area of the average tree in inches. When the plot data
were all converted to logarithmic values and fitted by the

method of least squares, a slope of -1.646 was obtained, a



FIGURE 11 - The relati

average stend d.b.h., for 78 fully stocked aspen sample plots.

The slope of the fitted regression line is compared with that
obtained by Reineke for a number of other species.

of total number of trees per acre to

PR




=31=

TARLE 21

STAND DENSITY UNITS FOR ASPEN CORRESPONDING TO
' AVERAGE STAND DIAMETERS IN INCHES

inch
0.7

b ' tenths of

Oclt
Stand density units

Average stand

»

0.9

Average

0.8

0.6

0.5

‘0,1 032 043

0.0 -

stand

d. b.h.

0.048 0.053
8 0,105 0,112
0.274 0,284
0.382 0.394

2 0,180 0,189
0.643 0,658
2 0.798 0.814
0.965 0.982
8 1.146 1.164
1.996 2,020
2,238 2,263

3

(inches)

2.288 2,313 2.388 2.363 2,389 2.415 2.4 2.467 2.493 2.519

16.0
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somewhat lower slope than derived by freehand methods. The
reason for this difference has been explained by H. A, Meyer
{9) as due to errors incurred bﬁ the use of logarithms in the
place of natural numbers. This error 1s a systemétic one and
may be corrected by use of the standard error. The line fitted
by the method of least squares did not conform to the plotted
averages of the data, but corrections were awkward to make when
the standard error decreased with an increase in average stand
diameter. The line 1illustrated in Figure 11, fitted by freehand
methods, was therefore assumed to be the best fit and employed
in the computations described later. It 1s not clear whéther
Reineke obtained his curve by fitting the data by least squares
or whether the wealthvof'data analyzed revealed the slope of
~-1.605 presented in his paper by étandard‘procedures of balanc-
ing data by freehand methods. Schnur (18) for Upland Osk found
the slope to be somewhaf flatter than the slope obtained by
Reineke, while for aspéh the'slope appears much steeper (refer
to Figure 11). If this last is true the explanation must lie
in the rather excessive mortality of the aspen in the early

years.

. To be consistent with the stand density index concept
outlined by Réineke, the regression log N = -1,767 log D + 4.257
was converted to the 1000 tree level at an average d.b.h. of .
16-inches, The resulting formule is expressed by, Log N =

1.767 log D + u.767;

In order that stand density indices may be calculated
rapidly, a table of stand density units (Table 21) was construc-

ted for aspen similar to the one derived by Mulloy using
Reineke's formula. The procedure adopted to derive these tables
is as follows. :
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The required average diameter values were converted
to logarithmic numbers and the number of trees per acre calcux
lated from the formula gi#en above, log N = -1.767 log D ¢
L.767. The stand density units were obtained by dividing the
values for N into lOOC. From these the stand density index
may be computed qﬁickly. If the average diameter has been
determined as 6.1 with 200 trees per scre, the stand density
index will be 0.418 x 200 or 84. It is admitted that the re-
gression of number of trees over average diameter may be too
steep either as a result of bias»in the sample or as a result
of below-normal stocking of the older stands. Since fire is
a major problem in the area, it ls conceivahle that older stands
in the larger diameters have been subjected to fire at some

period in the past.

.

BLACK POPLAR, PERCENTAGE COMPOSITION CHANGE

Plots were chosen in pure hardwood stands composed
mainly of aspen, and although black poplar occurred on 71.8 per-
cent of them, it never exceeded 30 percent of the stand compo-
sition. Since no restrictions were imposed to govern the number
of stems allowable, significant changes in the amount of black
poplar throughout the age classes can be mainly credited to
differences in growth between this species and aspen. It is
conceivable, however, that the colour and texture of the black
poplar berk, which is almost black in older stands, would have
some effect on the choice of plots made. The results which will

be presented may therefore be influenced by personal bias,

Only those plots containing black poplar were used to
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determine the regression of percentage composition and age
by the method of least squares. The average percentage within
each age class and the regression line are shown in Figure 12,
An anelysis of variance was made to test the reliablility of the

relationship. The figures obtalned are given bzlow:
: /

begrees of °  Sum ' Mean ' Variance
Source Freedom Squares Squares Retio
Variation due to
regression 1 221.71 221.71 4.55
Residual variation 59 2877.25 118,76
Total variation 60 3098,96

From tables shown by Fisher and Yates (3),vthé variance ratio
at the 5 percent level is 3.97 compared with the L.55 value
determined. The regression, therefore of the two variables
employed 1s significant at the 5 percent probability level.

Thekpercentage composition of black poplar at.each
20-year age class 1s glven in Table 22. The average change 1is
small (0.65 percent per decade) and will not be introduced as
correction in the prediction of black poplar growth from the
yield tables. v

The relationship shown in Figure 12 indicates the
similarity in basal area growth of aspen and black poplar where
they exist in close association. This‘justifies, somewhat,
treating all species in the hafdwood mixture as one unit. This
procedure has been followed in the development of poplar yields

described in this thesis.
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ﬁIGURE 12 - The relation of percentage
composition, by bassal area, to total age
for black popler on 61 sauple plots.

* -
. TABLE 22

~ PERCENTAGE COMPOSITION OF BLACK
¢ POPLAR RELATED TO AGE

e

o : 7 Gemseaiiion
Total age : by basal area

(years) . - (percent)
20
i)
60
80
100

.

#f%ng*gnoi
Pt Py R 3
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VOLUME TABLES FOR ASPEN AND BLACK POPLAR

Measurements and Computations

Aspen and black poplar trees were felled and measured
during yield studies conducted by the writer for mixedwood and
pure poplar stands growing in Northern Alberta. For each tree,
diameters and bark thicknesses were recorded at the following
points: at a stump height of 1-foot, at L.5 feet above ground
and at the end of each equal-lengthed 1/10-section between
breast height and the tip of the tree, Lengths of stem were
accumulated from the base and this accumuléted helght at each
point measured was plotted over the corresponding diameter
inside bark. By joining the points with a smoothed line, a
graph for each tree was obtained from which it was possible
to read measuréments for the utilizstion desired. The volume
megsures used Iin Alberta were total cubic feet,merchantsable
cublc feet (1-foot stump to a li-inch top‘inside bark) and
board feet.(l-foot stump to a 6-inch top inside bark,Secribner
rule).

Total cublc foot volume inside bark for each tree was
calculated using Smalian's formula; the portion between ground
and 1-foot stump height was treated.as‘a cylinder. The mer-
chantable volume was obtalned by subtracting the volume of
stump and top. From the graphs of each tree, 16,2-foot logs
were scaled in board foot volume. The top log could be 8.3,
10.3, 12.3, 1L.3, or 16.3 feet long depending on the length of

stem which remained from the last 16,3-foot log.
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For énalysis of volume, the measurements used for
each aspen and black poplar tree Wére:
1. ‘Diameter at breast height in inches outside bark,
2. Total height ip feet, |
3., Volume in
(a) total cubic feet,
(b) merchantable cubic feet,

(¢) and merchantable board feet, Scribner rule.

Totgl Cublc Feet

The total cublc volume for each aspen tree was com-
pared with volumes given ih a table consfructed for this
species in eastern Canadal. The_table_gave values which were
consistently~high‘ Adjusted volumes were obtained from a
graph derivéd by plotting actual volumes over tabular volumes
on double logarithmic paper (Table 23).

From‘a éomparison.nade ?reﬁiously by thé writer, it
was found that black poplar had a characteristically thicker
bark and poorer form than the aspen. The volumes obtained
therefore, when the black poplar trees were interpolated in
Table 23, wére too high. A correction factor of 0.842 was
determined and applied. The estimate of the actual volumes
which resulted proved to be satisfactory. The aggregate 4iff-

erence was small and the average deviation did not increase

beyond that obtained for the aspen.

1
Dominion Form Class Volume Tables, page 182, 1948,
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Merchantable Cubic Feet

No aspen volume tables applicable to the merchantable
limits used in Alberta were located. It was necessary there-
fore, to construct a new table. The method employed in the
analysis was essentially that suggested by Dwight (2). This
method is an improvement on standard graphical techniques
because the relationship of height-to-diameter within each
height class is taken into account. The group of curves in
this step (Figure 13) are fitted concurrently with those ob-
tained by plotting volume over diameter by height classes.

The volumes and heights read for each 2-~inch class are next
used to derive the relationship of volume to height by diameter
classes. For the aspen data these curves proved to be a family
of straight lines, most of them radiating from e common origin.
Although>the curves may be harmdnized in this part of the
analysis, volume was replotted over diameter by height classes
in order to facilitate reading of volume fof l-inch diameter
intervals. From these curves the values shown in Table 2|

were obtained,

The black poplar tree data for merchantable cubic
feet were now compared with volumes interpolated for diameter
and height in Table 2);, The tabular values obtained were
again too high. Multiplying by a corréction factor of 0.817
resulted iIn a much improved estimate with but a slight increase

in the average deviation percent over that obtalned for the

aspen.
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Merchantable Board Feet, Scribner Rule

A similar analysis for diameter, height and board
foot volume was carried out for the aspen up to and including
the step of plotting volume over height by d.b.h. classes,
Figures 13 and 1l illustrate the first two steps (the number
of trees used to weight each point on the graphs are omitted).
Figure 15 shows the preliminary group of straight lines fitted
to the data. The spacing and slopes of these lines for each
diameter class are harmonized by an adaptation of a méthod
outlined by Meyer (11).'

Since volume in board feet for any one_diameﬁer class
1s directly related to. total height, it may be expressed by

the following formula:

<
"

a + bH
where V = board foot volume,

"intercépt,

o
1

b = slope,
H = total height in feet.

The slope of the line for egch diameter class was
determined. These values plotted over diameter were fitted by
a freehand curve (Figure 16). This relationship is a straight
line for 13-inch diemeters and larger, with a slope of b" =
-5.65 4 0.612D, Below 13-inches the relation of slope to
diameter is curved, and a different procedure is required.

For the present it may be noted that individual slope values

may be read from the curve in Figure 16 for diameters between

7 and 12-inches.
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In the next step, an adjusted volume for a standard
height‘class of 80-feet‘was computed for each 2-inch diameter,
where the adjusted volume = the average volume for the d.b.h.
class - b" (average height for the d.b.h., class) - 80, and
b" = -5,65 4 0,612D. The average volumes and heights were
obtained by calculating weighted averages for each 2-inch
class. Adjusted volumes were then plotted over diasmeter and
a curve fitted as shown in Figure 17. Again the regression
proved to be a straight line for diameters 13-inches and
larger, the resulting regression is expressed by the equ;tion,

adj. vol. = 2236 4+ 28,5D,
For diameters below l3-inches, 1t may be noted that adjusted
volume may be read for any d.b;h; from the curve.

From the slope equation and adjusted volume equation
for a standard height of 80-feet the following is true:

1. Adj. volume (v) = -236.0 %+ 28.5D

2. -bH = -5.65+¢ 0.612D) 80 or L52.0 - 49.0D

by adding (1) and (2)

V-bH = + 216.0 - 20.5D
a + bH and a = V - DbH.

a
since V

For estimating volumes of trees with diameters 13-inches and

above, there are now three equations;

A General exmression V= a 4 bH
B The slope expression b= - 5,65 4% 0,.612D
C The intercept expression 8= 4+ 216,0 - 20.5D
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'Since slope "b" and intercept "a" are changing in a curvilinear
manner for diameters below 13-inchés, equations B and C are not
applicable to the smaller diameters. While slope values may be
obtained from Figure 16, corresponding figures for the intercept
are still required in order to derive individual eéuations for
each 1-inch diameter class. This difficulty was overcome. by
calculating values of 'a' and plotting these over diameter as
shown in Figure 18.  The computations for 'a' were made from
the expression,
a = volume at chosen height - b x (chosen height)

where volume hay be read from Figure 17 and slope values from
Figure 16, An individual equation‘therefore, was determined
for the aiameters requifed. From the equations shown below the
values for the board foot volumes shown in Taﬁle 25 were obtained.
Group I - Diameters at breast height from 7-12 inches inclusive

™ -

vV = - 8.8 4 o.22H

g" - Vv = -13.6 4 0,50H
9" - VvV = -18,.5 4+ 0.79H
0" - VvV o= - 24,1 4 1.12H
11" - V. = - 31.0 + 1.46H
12" - V. = - ;0.0 % 1.87H

Group II - Diagmeters at breast height for trees 13-inches and
larger.

a 4+ bH
- -5.,65 &+ 0.612D

General expression V

The slope expression b

The intercept expres-
sion a

4 216.0 - 20.5D
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Examples of application

For clarity, volumes in board feet are calculated for
examples occurring in Group I and Group II.

1. Wanted: to determine the volume in board feet for a 10-
inch tree of height 63 feet.,

From Group I the equation is:
vV = - 2.1 4+ 1,12H
Substituting for H

- 2.1 ¢+ 1.12 i 63

v
' 46.5 board feet.

2., Wanted: to determine the board foot volume for a 19-inch
tree of height 9l feet,

From Group II the general equation is:

Vi a ¢+ bH

to determine the slope substitute 19 for D in b = -~ 5.65 #+
' - 0.612D
b = -5.65 ¢+ 0,612 x 19
= 45.98
to determine the intercépt substitute 19 for D in a = $216,0-
20.5D
a =+ 216.0 - 20.5 x 19

- 173.5

substituting for b, a, and H in the general equation

V=-173.5 + 5,98 x 9}
- 388.,6 board feet.

To apply the values in Table 25 to estimate black
poplar volumes the tabular figures were reduced by multiplying

them by 0.787.
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The method employed sbove to harmonize a family of
straight lines was originally suggested by W.H. Meyer to
develop volume tables in hoard feet where the ratio of volume/
diameter plétted over diameter by height classes, form a
series of straight lines. The aspen data plotted this way
indicated curvilinearity for diameters above 20-inches. The
explanation may be that larger diameters are found mainly in
understocked stands and are usualiy trees of poorer form. It .
was felt therefore, that Meyer's method could not be justifi-
ably employed. | |

Adapting the method described, offers little advantage
to those who are familiar with the systems of crosscur¥ing,
but for those who are not, the introduction of this semi-
mathematical system may facilitate the harmonization of both
slope and spacing. Another feature of the method is that it
may be employed for other relétionships where a system of
straight lines is applicable. In certain cases, some advantage
may be gained by a mafhematical control of tabular and inter-
mediate walues,

The weakness lies in the manner original averages
have been obscured by previous éurving. This would seem to
be no more serious however, than the weaknesses involved in

any multicurvilinear method.



VOLUME TABLES FOR WHITE BIRCH

Total Cubic Feet

Height measurements for 93 birch trees were taken
by MacLeod (6) as they occurred in mixedwood stands through-
out the same region as this study. The total cubic volumes

shown in Table 26 are taken from his report.

Merchantable Cubic and Board Feet

To derive meréhantéble tables, aspen volumes in
cubic and board feet were interpolated for the diameters and
heights given in Table 26, To the volume shown for each
d.b.h. claés, the ratio of aspen total cubic volume to that
for birch was applied as a correction.

To assume aspen-birch total volume rastios were the
same for merchantgble measures provided'the only basis
possible under the circumstancés since no birch trses were
meagsured for volume.' The amount of birch present in the
stands measured was small howevef, and any errors that might
arise from incorrect volume tables for this species cannot

seriously affect the results.
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TABLE 23
VOLUME TABLE

Aspen (P, tremuloides Michx.) and Black Poplarl

(P.balsamifera L.) Total Cubic Foot Volume
Central and Northern Alberta

Total Height -~ feet Basis

debohe 10 20 30 40 50 60 20 80 90 100 110 nnmger
0
1n. Total peeled volume in cubic feet trees
I 0,04{0.06 | 0.07 | "2
2 0.13/0.21 | 0.29 [0.37] 0.45 s
3  0.28 0.47]0.66 0.85] 1,04 9
b 0.85)1.19 1.53 1.87| 2.21 13
5 1.36 1.90 ]| 2.44 2.98 3.52 . 13
é 2,75 3.55| 4.35 5.150 5. . é
7 4.86] 5.97 7.09 8.20 9
8 6.38] 7.84% = 9.30 10.76 10
9 8.10 10,00 ] 11.8 13.6 5
10 12.3 | 14.5 16.7 6
11 | 14,8 17.4]20.0 8
12 17.5 20.5 |23.6 32.9 5
13 20.h 24,0 |27.6 3.2 34.8] 38.4 7
14 23.5 27.8 |31.9 36.0 L40,1| 44.2 8
15 26.9 31.6 |36.3 1.1 45.8] 50.5 7
16 30.3 6 |40.9 46.3 51.6| 56.9 62.2 11
17 1 52,2 58,2 64.2] 70.2 11
18 bl 6 58.1 64.8 71. 78.2 8
19 49,5 6k.4  71.9 .3 86.7 5
20 . 54,7 71,0  79.2 87.3| 95.5 &
21 | 68.8 | 77.6 86.5 95.3|10k.2 6
22 ' 74.7 [ 84,2  93.8103.3]112.9 &
23 90.8 [101.1[111.3 121.6 1
24 . 97.4 108.%°119.3 130.3 =~
25 104.0 [115.7 127.3]|139.0 2
26 ' ~ 110,6 123.0}135.3]147.7 1
27 ‘117.2 130.3 143.3 156.4 -
Basis nmun- ‘
ber of & 5 8 15 18 . 16 29 39 28 7 - 165
Irees

lfor Black Poplar multiply tabular volumes by 0.842 - basis, 46 trees,

Heavy line indicates the extent of the original data.

Volumes include entire stem ineide bark.

Table was prepared by adjusting aspen volume table, page 196, Dominion Form
Class Volume Tables, 1948.

Aspen ¢ Aggregate difference, table 0,267 percent high
: Average deviation 6.15 percent
Black Poplar s Aggregate difference, table 0,023 percent low

: Average deviation 4+ 6,09 percent
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TABLE 24
VOLUME TABLE
Aspen (P.tremuloides Michx.) and Black Poplarl

' (P,balsamifera L,) Merchantable Cubic Feet
Central and Northern Alberta

d.b.h, Total Height Ft. Basis
in. 30 oo 50 - 60 ' 70 - 8 + 90 * 100 ¢ 110 number
~ Merchantable volume in cubié feet - frggs
L 0.15 0.45 0.75 10
5 1,05 1,50 ~1.95] 2.40 13
6 2,00 | 3.05 3.70 | 4.35 6
? 3.90 | .80 5.70 ~5.60] 7.50 9
8 5.50 6.70 7.80 9.00 10.1 11,2 10
9 6.95 8.60 |10.25 11,90 13.55 15.2 5
10 8,20 10,50 [12.9 15.2 = 17.5 19.8 6
11 12.5 15.4 J18.4 21.3 | 24.3 8
12 14,6 18,2 }21.9 25.5 29.4 5
13 16.6 21.1 |25.6 T 3h.7 7
14 18,6 24,1 29,6 1 40.6 8
ig 27.1 | 33.5 9 46.3 » 7
30.5 [37.7 9 s52.1 .5 11
17 33. 41.8 50.0 58.2 74,6 11
18 37.9 16.0 ]55.1 64.2 73.3 | 82.4 8
19 MO,Z 50.2 60,2 70.2 | 80,2 90.2 5
20 43.9 |54.7 65.5 76.2 87.0 | 97.8 L
21 : 58.86 ]70.5 82.3 94.0 | 105.7 6
22 63.0 | 75.6 88,2 100.7 | 113.3 b
23 80. 4.2 [107.7  121.3 1
21, | 85.6 100.2_ 114.8 129.4 -
25 | 90.6 [108.2 121.7 | 137.3 2
26 95.6 - 112.2 | 128, 145.2° 1
27 118,2 135.7 153.2
28 | 142.7 161.2
Basis, num~ ' :
ber of trees -~ 10 18 16 29 39 28 7 - 147

Ifor Black Poplar multiply tabuiar volumes by 0.817 - basis,number of trees 46,

Heavy line indicates the extent of the original data.
Volumes include stem from l-foot stump to a U~inch top, inside bark.
Table was prepared for aspen by multecurvilinear methods.
Correction term 0.817 was applied to table values for estimating
Black Poplar volumes.
Aspen : Aggregate difference, table 0,462 percent low.
: Average deviation 6.18 percent

Aggregate difference, table 0.1l4 percent high

Black Poplar :
Average deviation 4 6.49 percent.
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TABLE 25

VOLUME TABLE

-Aspen (P.tremuloides Michx.) and Black Poplar;

(P. balsamifera L.) Merchantable Board

(Serib, ) inside bark-Central and
Northern Alberte

Total Height Feet

Basis

.aiz:h' 50 60 70 80 - 90 100 ' 110 oo
) Merchantable volume in board feet {Scrib.) , trees
7 2 4 7 9 3
8 11 | 16 2 26 | 2 9
9 21 29 37 bs | 53 5
10 32 L3 54 66 | 77 6
11 L2 57 7 86 |100 8
12 72 91 109 {128 5
13 88 111 134 157 180 7
1k 104 133 163 192 221 8
15 120 156 191 226 262 7
16 136 178 219 261 302 11
17 [152 200 248 295 342 | 390 1 -
18 169 223 ] 277 330 8L | 438 8
19 185 255 305 365 42l L8k 5
20 201 267 333 399 k65 531 L
21 290 362 L34 506 578 6
22 912 0 U468 - b6 | 624 L
23 T 419 |50 588 672 1
2k by47 538 628 718 -
25 u76 [572 9 | 765 2
26 504 60 0 812 1
27 641 750 858 -
28 791 906 -

Basis number

of trees - - 9 28 39 28 7 - 111

lfor Black Poplar multiply taebular volumes by 0.787 - basis 46 trees,
Heavy line indicates the extent of the original data.
Volumes include stem from l-foot stump to a 6~inch top inside bark.
Table prepared for aspen by multi-curvilinear methods.
Correction term 0,787 was applied to tabular values to estimate Black

Poplar volumes,

Aspen

Black Poplar

Aggregate difference, table 0,126 percent high
Average deviation

Aggregate difference,table 0,029 percent low

Average deviation

$ 12.65 percent

+ 14,84 percent
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TABLE 26
VOLUME TABLES

White Birch (B. Papyrifera Marsh. )
Central and Northern Alberta

/ I [ |

T 0 = —fe

d.b.he. Total Volumes inside bark
Height Total Merch. Merch.
(incheg) (feet) cubic cubic Roard feet
feet feet (Serib. )
1 13 - 0.,07 - -
2 22 0.35 - -
3 30 0.88 - -
L 38 1.76 0.11 -
g is 3,00 1.46 -
6 51 .61 3,25 -
7 56 6.63 5.33 3
8 61 9,12 7.6l 15
9 65 11.9 | 10.h4 3]
10 69 15.1 13.7 L9
11 3 . "18.9 17.5 68
12 76 22,9 21.6 92
13 78 27.1 25.9 115
1l 80 31.7 30.9 143

Based on a height /d.b.h. curve for 93 trees.

Total cubic volume interpolated from volume table for white

birch, in Quebec (Dominion Form Class Volume Tables, page
182,1948). ,

Volumes in merchantable cubic and merchantable hoard feet

(Scrib.) obtained by adjusting corresponding aspen volumes
for these measures by a ratio equal to: total cubic volume
for aspen divided by corresponding white blrch total cubilc
volume. :

Merchantable cubic volumes include stem from l1-foot stump to
a i-ink& top inside bark.

Merchantable board foot volumes include stem from l1-foot
stump to a 6-inch top inside bark.
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APPENDIX

Basic Data

It is difficult to obtain measurements in forests for
every age and site quality, but considering the small sige of
the sample a fair distribution among the possible combinations
of age énd site quality was obtained. This 1s illustrated in
Table 27. The field method followed was to select fully stocked
or normal plots from the best, the medium and the poor portions
of stands of each age class, This procedure was satisfactory
where a range in site existed. Some stands however, were very
uniform-and in such cases two plots representing the average
condition were measured. Forests gf other site qualities then,
had to be sought out during the progress of the study. An
average guide curve of doﬁinant height oﬁer age previously
prepared by the writer for the aspen in mixedwood stands
offered some assistaﬂce in keeping a record of the approximate
distributlion of the site quaiities sampled,

TABLE 27
PLOT DISTRIBUTION BY AGE AND SITE INDEX CLASSES

Aspen total ' Site index classes: Totals

age 46-55 56-65  66-75 16-85  B86-95

(years) Number of plots
6-15 1 3

16-25 2
26-35

36-45

46-55

56-65

66-75

76-85

86-95

96-105 1

106-115

Totals 3 13
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Field Work

For the most part,faSpen in Northern Alberta does
not naturally occur in uniform well stocked stands extending
over large areas but rathef in small patches. Individual
plots therefore had to be selected rather than composite
plots such as taken by McArdle (7).

The plot boundarieslwere‘surveyed with a compass and
steel tape. Most plots were rectangulér but a few were taken
with acute angles'never le ss than 60 degrees., A minimum of
100 trees in the maln stand was required on each plot Size
therefore varied from less than 1/10 acre to over 1/2 acre
from young to old stands., All living trees were calilpered
and recorded by inch classes according to species. Small
trees of the understory which were found in some stahds above
80 years of age were recorded by inch classes. Those measur-
ing less than.O.é of an inch were recorded in two height
groups, 6 inches to 3 feet and 3 feet plus; These smaller
‘trees were not included in the yleld computations,

- For each plot, total height was‘measured with steel
tape and Abney level except in dense young stands where trees
were felled and measured directly. Two heights for each l;
inch diameter class ﬁere taken for stands below 80 years end
for each 2-inch diameter class in older stands. Diameters
and héights of dominants were recorded separately; they varied
in number frémAu to 8 trees per plot.

Age determinations were made by counting the annual
rings. It was found that consistent estimates could only be

obtained by counting the rings on the butt of the tree after
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felling. It was necessary to make a very sloping cut with a
sharp axe in order that minute rings could be discerned.
Though the average age of the dominants was taken as plot
age, the procedure adopted for each stand was first to make
age counts throughout to ascertain 1f all trees could be
considered even-aged. Such a condition was found to be gen-
erally true for this species. Sincé age determinations were
usually made at several feet above the ground level, it was
necessary to add the ages‘obtained at these heights the num-
ber of years required to reach the height of the stump. The
values in Table 28 based on some 300 measurements of domin-
ant aspen seedlings were used to convert the ring count to

total age.

TABLE 28
CORRECTION IN YEARS TO BE ADDED TO AGE DETERMINED FROM
INCREMENT BORINGS OR STUMP COUNTS, TO OBTAIN
ASPEN TOTAL AGE

{ / A

Distance from Distance from
average ground Age average ground Age
level to boring Correction level to boring Correction
or top of stump or top of stump
(inches) (years) (inches) (years)

1 1 10 2

2 1 12 3

3 1 18 3

L 1 2l L

5 1 30 L

6 2 36 5

7 2 L2 5

8 2 L8 5

9 2 5h 5
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Office‘Computations

The basal area per plot for each diameter class was.
now computed and a height diameter curve drawn. The average
height of éach d.b.h; class and aVerage dominant were obtain-
ed. In this last caSe, the height'was reéd from the curve
corresponding to the averagevof the dominant diameters
recorded. This average was calculated by basal area. Total
cubic, merchantable cubic and Scfibner board foot volumes for
each diameter class were now computed with the aid of volume
tables (Tables 23 to 26 inclugiVe). Totals were then taken
for each of five items (number of trees, basal area and the
three volumes) and converted to an acre basis,

The basal area of the average trees for each plot
was calculated by dividing the total basal area by the total
number of trees. A ratio (total volume divided by basal area)
adopted to provide a cross-check between volume and basal area

in the later analysis was also computed.

Method of Analysis

The method of analysis employed was essentially that
described by Osborne and Schumacher (15). To obtain curves
of average dominant height over age by site index classes,
the standard deviation and coefficlent of variation within
each age class was calculated first. 'These statistics plotted
on age, Figure 19, provided the basis with which to construct
the sheaf of curves illustrated earlier in Figure 2. By means

of this graph a site index value could be given to each plot
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according to its age and doﬂThant height.

Next,kit was found nécessartho rejecf 6 plots in
the 140 year age group. This rather arbitrary action was
considered expedient from the result of field observations.
The aspen,gtamés found at this age;couldfnot be consid@red‘

truly fully 'ecked and in meny cases evidenee of breakup

was obviousiy 'pp,jent; Inclusion or such unsatisfactory

plots to _rmal yields was therefore considered to

be of 11 , particularly when no ﬁtandg‘

asses were located.,

“7stan& dismeter. The éu

is illustrated in Figure

FIGURE 20 - The relation of the °*
logarithm of number of trees to
aversage d.b.h.
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To test for normality the frequency distribution of the resid-
gals from the curve was first obtained, These were converted
to cumulative frequency percentages for each of which, approp-
riate probit values were extracted from tables given by Fisher
and Yates (3). The distribution was now checked by plotting
the upper class limits shown in the first column of Table 29
”6ver the probit values gilven in the last column. The slightly
sigmoidal curve indicated, rewvealed kurtosls, but not strongly

enough to affect the balance of the procedure to any extent.

TABLE 29

FREQUENCY DISTRIBUTION OF RESIDUALS AND THE PROBITS
CORRESPONDING TO THEIR CUMULATIVE FREQUENCY

PERCENT
Class . Cumulative -
interval Plots frequency Probits
logarithms number percent units
+0.20-0.22 1 1.2 2.74
+0.17-0.19 1 2. 3.02
4$0.14-0.16 1 3.6 3.20
+0.11-0.13 5 9.6 3.70
+0.08-0.10 5 15.7 3.99
$0.05-0.07 8 25.3 .33
+0.02-0.04 1k Lh2.2 l;.80
-0.01-0.01 15 60.2 5.26
-0.04-0.02 1 73.5 5.63
-0.07-0.05 T 82.0 5.92
-0.10-0.08 5 87.9 6.17
-0.13-0.11 6 95.2 6.66
-0.16-0.14 1 96.3 6.79
-0.19-0.17 1 97.6 6.98
-0.22-0.20 1 98.8 7.26
-0.34-0.32 1 100.0 8.72 %
Total 83 - -

The standard deviation of 0.089 log number of trees was calcu-
lated end following the accepted procedure, all plots falling
outside of two standard deviations (2 x 0,089) were discarded.
This meant a total of 5§ plots were rejected, L understocked

and 1 overstocked. The remaining 78 were employed in the



analysis described below.
To ensure that the 1ndependent variables, age and

site were nct correlated their interrelation was tested by

me ans of a ”63%1 diagr: i, ur 2 Bk ",ofnez‘test

FIGURE 21 - The relation of site index to age; no corrélation
is shown
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The data from each plot were now sorted into 10-
yesr age classes. The‘average values plotted on age formed
the basic gulde curves for number of trees, average diameterl,
basal area, total cuhic volume/basal area and total cubile
volume. A method of cross-checking is conveniently provided
by this system of curves. The basal area per acre read from
the mean curve for a given age, should equal the product of
the corresponding number of trees per acre and the average
basal area per tree. Also the product of this basal area and
the volume/basal area ratio will give the corresponding total
cubic volﬁme per acre. The average guide curves were all
brought into agreement by means of this cross-checking process.

| To obtain curves of site index the residuals from
these average curves were obtained and the standard deviation
and coefficient of variation were computed for each age class.
From the relation of these two measures with age a basis was
provided‘to derive other curves of site quality about the
average., The curves were brought into coincidence as before
by the cross-checking of interrelated walues. Figures 22 and
23 are shown to illustrate the trends of standard deviation
and coefficlent of variation with age, and standard units with
site index, obtained when deriving total cubic volume yileld

for different ege and site classes., Similar curves were

average dlameter = avergge basal for each age class divided
by the corresponding average number of trees. These values
did not coincide with the mean of the average diameters them-
selves. Therefore the corresponding values were plotted on
double log paper and a line fitted. This regression was used
as a basis to adjust the average diameter (sq.ft.) for each
plot. . '
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constructed for each of the five variables described above.
The yield tables dérived from these curves were
checked against the data from which they were constructed.
The statistiecs obtained are given in Table 30. It will be
noted that only for the number of trees item does the varia-
tion accounted for become smaller when the affect of site
is taken into account. The reason for this was found to
exist in stands 30 years and younger., In these, other
influences overweigh the effect of site. When the plots
were divided into two age groups, 10-30 and 40-110, the
variation accounted for by site now increased by 9.1 percent
in the older age class. The results of the computations

are given below:

Item Age only Age and Site

Number of trees - gge class 10-30
years
Variation accounted for,percent 67.2 53.5
Number of trees - age class }j0-110
years
Variation accounted for,percent 80.3 89.l
In Table 30 the figures show that basal area ié
the least sensitive and total volume the most sensitive to
the influence of site. The results aré in general, comparable

with those obtained by investigators who have presented yield

tables for other species.
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FIGURE 22 - Freehand curves showing in (a) the
average relation of volume to age; in (b) the
relation of the standard devistion of volume to

ege; end in (c) the coefficient of variation of
volume to age. i
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FPIGURE 23 - The relation between the first
residuals of total cubic volume (expressed in
standard units for its age) and site index.

TABLE 30

STATISTICS TLLUSTRAT

iEG RELIAIILITY OF YIELD TABLES,
AND ﬁwﬁgﬁ, OF AGE, AND SITE AND AGE

‘ Item
NUMBER OF TREES .
Aggregate dlfferenee, percent
Standard error, number
Variagtion accounted for, percent
AVERAGE DIAMETER (inches)
Aggregate difference, percent.

Standard error, inches
Variation accounted for,percent

BASAL, AREA (Square- feet)
Aggregate difference,percent
Standard error, square feet
Variation accounted for, percent

TOTAL CUBIC VOLUME
Aggregate difference, percent
Standard error, cubic feet
Variation accounted for, percent

Age only Age a

$0.776 + 0,983
691 . 7
0.3 8l.6
40.56% 4 0.687

3.7 dal
81,7 93.7
0,1 - 0.725
23 20
69.1; 76.0
<0,0l3 + 0.139
819 51l
76.0 L.l
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