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Thickness and percentage of bark on the commercial

trees of British Columbia

By J. H, G, Smith and 4, Kozakl

Abstract

Thickness and percentage of bark at stump, breast height and tenths of
total height abowve breast height were analysed in relation to tree and section
characteristics for mature trees in 19 species or species groups. Dbh ané bark
thickness at breast height are the best indicators of tree bark thickness.

Dob at that height is the best indicator of bark thickness at any particular
height in a tree. Influences of age, crown class, various ¢rowm character=
istics, and sapwood thickness also are statistically significant but of lesser
importance.

Data on young trees which have thinner bark than mature trees were
summarized for Douglas fir, western hemlock, western red cedar, silver fir,
black cottonwood, and red alder. TFor a given dob, root thickneas is less
than at the root collaxr; but similar diameters of root collar, bole, and
branch have just about the same thickness of bark,

Attention is drawn to the need to study potentially valuyable chemical
products in bark, and estimates are made of the volumes and weights of bark
that may be recoverable, About 300 million cubic feet of bark, roughly 20
percent of the volume of wood logged im B, C., was potentially available in
1265, This bark, weighing about 4.4 million oven dry tons, represents a
regource of potentially great value which should be studied intensively by
chemigts, economistg, and foresters.

1 Bespectively, Professor and Assistant Professo%, Faculty of Forestry,
University of British Columbia, Vancouver 3, B. C, Financial support of
the National Research Council and provision of data by the Inventory
‘Division of the B, C, Forest Service, C, Joergensen of Columbia Ce11ulose,
D, Stewart of MacMillan Bloedel, M. Gormely, and J. Walters are gratefully
acknowledged.
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Introduction

Although it is conventional in British Columbia to estimate solid wood
contents from measurements of tree diameter at breast height outside bazk
(D or dbh, ob) and total height (H), the need for data on bark thickness and
percentage is increasing. Bark thickness is usually expressed as double baxk
thickness (dbt) and stated as a percentage of diameter outside bark (dob).

Upper bole diametews estimated outside baxk for study of foxm, tapez,
or volume during timber cruising must be converted to determine inside bark
diameters and volume (Bones, 1962; Dilworth and Bell, 1963; Grosenbaugh, 1864;
Johnson, 1966)., Growth in bark thickness is important in calculations of
clear wood following pruning {Maezawa, 1955; Smith, Ker and Csizmazia, 1951),

From the point of view of total utilization it is obvious that data
are needed on amounts of bark associated with various species and methods
of utilization ( Weldon, 1966), Increased use of weight scaling will make it
necessary to learn more about volume axd weight of bark, Most important of
all, bark contains many potentially valuable organic compounds which should
be studied thoroughly te learn their composifzion and to assess their economie
characteristics. Ross (1965) in his introduction to a list of 41 selected
references on utilization of tree baxk, drew attention to the three million
tons of Douglas fir bark produced annually in COregon as a by-product of
logging. He said:

“"With increasing information available on the economic potential
of bark and with increasing public pressure for less air pollutien
by burning, a careful study of the properties, chemistry, and
possible uses of bark will be profitable in both money and publiec
relations.”

Srivastava (1963, 1254 and 1265) has made substantial contributiong to
understanding of the anatomy, chemistry, and physiology of bark,

Kokoschke (1955) used colour pictures to illustrate identification
of and variation in 30 tree gpecies native to British Columbia.

Since Chang (1954) adequately described bark structure and reported
percentages of tissues and issue elements of most of the commercial tree
species found in British Columbia this aspect will not be discussed herein.
The literature summaries by Marian and Wissing (1958, 1957), Roth et al.
(1950} and Ross (1566) and articles by Wissing 1955, Marian and Wissing
(195%a,b) provide an adequate introduction o the literature on all aspects
of utilization,

The bark thicknesses analysed herein were obiained by direct measurement
on bark sections to correspond with the average difference between diameter
tape measurements outside and inside bark., Thisg avoids the problem of over-
estimation with a Swedish bark neasuring gauge (Von Althen, 1964) but
cannot adequately compensate for volume losses associated with bark scales
and fissures.
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Uses of bark thickness and bark percentage

From a statigtical point of view it seemz ag if best results will come
from estimation of dbt rather than percentage dbt. However, use of various
bark percentages ox bark ratios is so simple and convenient that it may be
preferable for many purposes. Since all percentages have been given in Tables
1-18 using dob as the base, they must be converted if used with dib. TFor
example the 10 per cent dbt of a 10-inch dob must be 11.1 per cent of a C-inch
dib. Similarly, a bark thickness ratio of 0.50 based on dob will give a
0.81 factor for golid wood contents expressed as a fraction of volume over-
bark. A 10 per cent dbt based on dob would represent 1002/902 or 123.7 per
cent of volume based on inside bark.contents as is conventional for British
Columbia, Gevorkiantz and Olsen (1955) have illustrated uses of bark per-
centage for adjustment of estimates of volume and radial growth for the U,

5, Lake States. For the Northern Rocky Mountain Region of the U. §. Finch
(1948) gave formulae to estimate dbh roych from measurements of radial growth
of wood, HMeCormack (1955) published/§§5 h vates for 55 tree species of
Southeastern U. 8. A, Spada (1960) reported bark thickness and dbh growth
equations for the tree species of the Ponderosa pine subregion of Washington
and Oregon. Either the bark percentages of Table 5 or the dbt's of Table &
can be used to convert wood growth measured on increment cores to estimates of
dbh growth. '

Differences in solid wood contents or in bark percentage can be
approximated from stem analyses by summing the measurements of dib and express-
ing these as a ratio or percentage of the total of dob for each tree. Smith
and Walters (1964) reported that these ratios were 0,924 for 21 dominant,

4

0.217 for 23 codominant, 0,216 for 1l intermediate, and 0,8%4 for & suppressed
Douglas fir. ‘These vatios are the same as Meyer's k factors (1945, 1$53),

Radios of tvree dib to tree dob were analysed in relation tc 15 character-
istics of 48, 150~year-old Douglas fir, Simple correlation coefficients for
these wood ratios were -.34 for crown class, C.55 for dbh, .5% for H, .47 for
height to base of live crowm, .48 for erown width, .14 for length of live
crovm, .30 for tree age, .54 for site index, .55 for dbh?, ,57 for DZH, .52
for ‘log D, .54 for log H, .11 for H/CW, -.18 for CI/D, .51 for Veu. ft., and
. 8¢ for log V. Obviously these ratios were highly variable bui well assoc~
iagted with factors indicative of tree volume.

In order to convert the sum of dib expressed as a ratio of the sum of
dob to a ratio of solid wood contents it is necessary to use (sum dib/sum dob)z.
This latter ratio usually was within one per cent of the correct solid wood
volume in a check of the extremes of the Douglas fir trees studied by Smith and
Walters (1964).

Curve form for dbt on dob

Both dbt and percentage dbt have been used herein because neither is
wholly adequate for description of variations in bark with tree or section dob.
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" The range in dbt incredses greatly and percentage dbt decreases as section

dob increases. TFor example, dbt of l-inch-thick western hemlock sections
ranges from 0.02 to C.31 inches; dbt of 1lG-inch hemlock sections ranges

from 0,35 to 0.%4 inches; dbt of 20~inch gsections ranges from 0.7 to 1.50
inches; dbt of &40-inch sections ranges from 0,55 to 1.565 inches. Percentage
dbi's representing these ranges are 2.2 to 31.C for l-inch sections, 3.5 to £.4
for 10-inch, 3.5 to 7.9 for 20-inch, and 1.% to 3.7 for 40-inch sections.
Curved average bark thicknesses expressed as percentages decrease from 14,0

for l-inch sections to ¢.3 for 10-inch to 5.5 for 2C-inch and to 4,1 per cent
for 40-inch sections,

The appropriate curve form and wvariables used to estimate dbt or
percentage dbt will depend largely upon the end use of the data. Johnson
(1965) illustrated the influence of six independent variables and various
combinations of these to estimate bark thickness of 540 young Douglas fir trees.

Species studied

The data on mature trees are grouped by ccastal and interior regions
and use the terminology of the B. C, Forest Service (Brown, 1952)., The
scientific names and common names for each species or species group are as
follows:

Alder, Alpus rubra Bong., Red alder.

Aspen, Populus tremuloides Michx, , Trembling aspen,

Balsam-coastal, Ables amabilis (Dougl.) Forbes and 4. grandis (Dougl.)
Lindl., Silver and Grand firs.

Balsam-interior, Abies lagiocarpa (Hook.) lfutt, and A. grandis (Dougl. )
Lindl., Subalpine and Grand firs.

Cedar-coastal, Thuja plicata Donn, Western red cedar.

Cedar-interior, ¥ 1

Cottonwood, Populus trichocarpa Torr. & Gray, Black cottonwood,

Douglas fir-coastal, Zsgudotsupa menziegii (Ifirb,} Franco.

Douglas fir-interior, E ‘

Hemlock-coastal, Tsuga heterophylla (Raf.) Sarg., Western hemlock.

i1 i

‘Hemiock-interior,

Lodgepole pine, Pinus contorita Dougl.
Maple, jcer macrophvllum Pursh., Broadleaf maple.
Spruce~coastal, Picea sitchensis (Bong.) Carr., Sitka spruce.
Spruce-interior, Picea glauca (loench) Voss, P. engelmanni Parry,
and P. mariapa (Mill,) B, S, P., White, Engelmann and Black spruces.
White birch, Betula papvrifera varieties.
White pine, Pinug monticola Dougl,, Western white pine.
Yellow cedar, Chamaecyparis nootkatensis (D. Don) Spach.
Yellow pine, Pinus ponderosa Laws., Western yellow pine




Bark thickness of mature tree boles

The measurements supplied by the B, €, Forest Service for study of taper
(Kozak and Smith, 1965} were also analysed to determine factors governing thickness
and percentage of bark. Each tree had been measured at 1 foot, 4.5 feet, and
tenths of tree height above breast height. The simple correlation coefficients
(r) in Table 1 indicate that dbh, age, and dbt at breast height (bh) are the
most important tree variables, The best section variable is dob. Dbt at bh
and section height (h) itself or as a percentage (P) of total tree height (H)
also are highly correlated with section dbt. Age is not used further in these
analyses because of the difficulty of measuring it in mature trees.

Table 2 contains dbt's which are summarized by number of sections sampled,
mean, gtandard deviation, minimum, maximum, and coefficient of variation. The
great variation in cottonwood and Douglas fir should be noted. The dbt's used
for Table 2 have been expressed as percentages of section dob for Table 3,

Table 4 shows data on dbt at bh for all trees studied. These are expressged
as percentages of dbh in Table 5. The maximum percentages in Table 5 are much
less than those in Table 3, whick suggests that wmost of the relatively extreme
values in bark thickness come from small sections near the tips of trees. Com=
parigon of the mean bark thickness for all sections (Table 3) with the mean for
breast height (Table 5) shows that most species have relatively thicker bark on
sections other than breast height. Only yellow pine and interior Douglas fir
have relatively thicker bark at breast height.

At the bottom of Table 4, data from another study of bark thickness at
breast height are given. These agree well with those of the main study when
differences in average dbh and H are considered. In addition data on Western
larch Larix occidentalig Nutt, are given. Dbt of larch was 14.6 per cent of the
nean dbh., For all of these species no advantage was gained from use of H or
H/D in addition to D to estimate dbt.

The averages and range in basic data shown in Table 6 can be used as a rough’
indication of the sizes of trees and sections to which the obgervations made
herein may apply.

Bquations for estimation of double bhark thickness from dob at any section
are given in Table 7. In most cases the quality of regression equations
tabulated as expressed by standard error of estimate (SE.) and coefficient of
determination is good. Addition of section height as a percentage of total
height (Table 8) improves the regressions slightly., Use of breast height barxk
thickness with dob, section height, or percentage section height in Table O
results in good equations for estimation of dbt. Table 10 contains equations for
estimation of dbt of all sections from dbt at bh. Generally, the average
thickness of bark of the 11 sections studied is about 70 per cent of that at
breast height. Yellow cedar is similarly thick for all sections but thickness of
Douglas fir sections averages only aboui half that at breast height,

It is much more difficult to estimate percentage dbt than dbt. Therefare,
most of the equatlons of Table 11 using only dob will be of little wvalue.
Estimation of percentage dbt from dob at any section was improved by use of other
variables. Table 12 shows the best two equations resulting from analysis of the
regressions of percentage bark thickness on dbh, total height, section height, and



section height as a percentage of total height, Table 13 shows that for some
species considerable impigvenent results from use of percentage bark thickness at
breast height to estimate parcentage bark thickness of all sections. The best
equations are those of Table 14 which use percentage bark thickness at breast
height and an additional vaviable which is based on tree height, except fox
lodgepole pine for which dob was best.

Table 15 gives vegression equations for estimation of dbt at bh from 4bh,
H, or H/D. Multiple regression analysis showed that almost no improvement in
coefficient of determination resulted from use of more than one variable to
estimate dbt at bh, With the possible excepntion of coast spruce none of the
equations calculated adequately estimated percentage dbt from D, H, and H/D.
To provide a bagis for compariscn datag from Spada (1960) and Finch (1948)
aleo are given in Table 15.

In Table 1% the best two regression equations for estimation of section
dbt from the variables D, H, h and h/H are given. Almost no improvement
resulted from the use of worve than two variagbles to estimate dbt,



IABLE 1, Factors Governing Basl Thickness e
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Simple corvelation coefficients for double bark thickness

Alder -.09 .55 0§ .51 L4 41 <47 L4 0% - 80 w48 T2 7K 4B
Aspen =05 43 - 28 .53 &7 .50 ~-,43 .50 LAC - 43 81 .84 .88 .15
Balsam - Eocastal =46 L,EC -, G7 .72 7Y 587 -, 47 .68 .65 .03 -.35 .71 .72 =.11
Balsaw - interior : -.52 .20 =~ 09 &4 .56 .83 -.31 .64 .33 -.3% -,52 .82 .75 3¢
Cedar -~ coastal -.5¢C .&3% ~,15 .59 330 AL« AT 45 .38 -.12 =43 .56 .66 .04
Cedar - interior “.47 .32  -,15 .77 .56 .50 ~.52 .81 A4 =11 =37 .65 .17 .24
Cottonwood -.20 .70 L2 74 B4 38 - 51,69 L3 =018 -4 .83 .77 .11
Douglas fir - coastal -2&6  LE: -.29 ,52 .50 ,Z0 -,58 .52 3¢ =35 -,38 .92 .52 .13
Douglas fir - inerior -.31 .5 .20 .55 .36 L4 < b4 45 LAQ -0A7 -,82 .88 ,58 .32
Henlock ~ coastal =80 (&2 ~04 .71 .83 .53 -.353 .65 S35 =011 =043 (79 .78 .05
Hemlock - intericr -. 43 LA« 43 71 .62 LEE =35 .70 57 ~.30 -5 82 70 L12
Lodgepole pine =04 20 -,17 .33 £25. .20 - 24,28 $22 42 w53 71 42 .08
Maple -.33 &b .25 ,563 .52 .54 -, 40 55 4G - 30 - 47 078 .60 -.11
Spruce - coastal =55 &o L4554 .37 42 - 5% a1 41 -017 w32 77 .63 .21
_ Spruce - interior .44 .32 ~,20 ,53 .51 40 w23 40 A8 «.34 w55 7% 84 L 1c
+ White birch .52 .30 =08 -, 50 .B1 .53 .23
White pine -, 22 .r1 .45 57 A2 52 - 55 5% .35 =41 -55 .84 .70 .32
Yellow cedar -3 .73 ¢ .75 15 75«43 |78 .64 V10 -, 15,81 .74 -, 07
Yellow pine =20 .32 -,13 .43 .35 .34 -, 28 20 30 «.47 -70 B0 .5C =-.C2



IABLE 2. DBouble Bark Thickness for all Sectionsg

Species group No. of Mean Standard Minipum Maximum  Coefficient
Sections Deviation ‘ of variation
In. In, In. In. %
Alder 945 0.50 0,22 0.01 1.3 44,3
Aspen 130¢ 0.58 0.34% 6.01 2.2 57.9
Balsam - coastal 945 0. 65 0.35 0.01 2.0 54,0
Balsam = interior 1056 0.47 0. 28 0.01 1.5 50.5
Cedar - coastal 24 0.75 0,45 0.a1 2.6 59.7
Cedar - interior 840 0.73 4,49 0,01 3.0 67.2
Cottonwood 13¢7 g.70 c.72 .01 5.0 162.9
Bouglas fir =
coastal 1067 1.86 1.35¢ ¢.01 9.9 0.9
Douglas fir = : ‘
interior 858 1,57 1.50 0. 01 c.¢ 95.5
Hemlock = coastal 8921 0,81 .50 0.1 3.2 62.3
Hemlock - interior 671 c.77 0,50 ¢.01 3.0 64,6
Lodgepole pine 4804 0.38 0. 23 .01 2.2 59.6
Maple 3986 0. 47 ,22 0.01 1.0 46.1
Spruce - coastal 429 0.57 C.23 0. 20 1.4 40.5
Spruce - interior 1331 0.56 C. 31 6.01 2,8 54,9
White birch 803 0. 45 0.23 0,01 1.4 50.8
White pine 1045 0. 56 C.35 ¢.01 2.4 53.5
Yellow cedar 743 .53 ¢, 30 0.01 3.0 57.1
Yellow pine 1100 1.53 1.C1 .01 6.8 65.9
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TABLE 3 Double Bark Thickness as a Percentage of
Diameter Outside Barzle for all sections

Species group No. of Mean  Standard Minimum Maxinum
Sections Deviation
% % % %
Alder o45 7.0 2.2 2.6 &G, G
Aspen 1309 8.8 3.1 2.6 50.¢
' Balsam = coastal 846 5.1 2.5 0.4 8.5
Balsam - interior 1056 7.0 2.8 0.8 25,0
Cedar - coastal 924 7.2 3.0 0.6 21.&
Cedar - interior 45 7.¢ 3.1 0.9 23.5
Cottonwood 1397 .5 3.¢ ¢.5 40,0
Douglas fir =
coastal 1067 11.7 3.7 3.0 36.7
Douglas fir -
interior 858 12,4 5.1 4.7 65.8
Hemlock = coastal  8¢91 8.5 3.8 1.3 40.¢C
Hemlock ~ interior 671 2.4 2.5 3.6 22.2
Lodgepole pine 4394 5.2 2.2 1,0 22,2
Maple 3¢5 5.4 1.3 2.3 14,3
Spruce ~ coastal 429 4.4 2.7 0.5 25,0
Spruce - interior 1331 6.7 2.7 2,2 20,0
White bixch 3803 8.2 4.1 1.9 54.5
White pine 1045 6.3 2.2 2.4 15.2
Yellow cedar 748 6.8 3.4 1.1 25,0
Yellow pine 1100 12.6 L4 2.5 37.5

Coefficient
of variation
%

40,
3a.
41,
39,
41.
3e,
&0,

WD Oy 2

31.

Lo ]

40,
44,
26.
L2,
24,
33.
39.
49,
35.7

€O 0O Imb 0O B4 0O DO S

34,6
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TABLE 4 Double Bark Thickness at Breast Height

Specias group No. trees Mean Standard Minimum Marzimum  Coefficient
Deviation ov variation
In. In, In. in, %

Alder 8% 0.5 ¢, 2 0.2 1.C 33.2
Aspen 119 Q.8 Q.4 0.3 2.0 43.1
Balsam - coastal 86 0.8 0.4 .01 1.7 46,5
Balsam - interior 9% .56 .3 0.2 1.5 6.9
-Cedar = coastal 84 .9 0.5 .01 2.5 51.1
Cedar - interior 86 1.0 0.6 Cc.3 . 3.0 59,3
Cottonwood 127 1.1 .8 0.3 4. ¢ 76,7
Douglas fir =«

coastal a7 3.2 2.1 c.7 c.1 85.2
Douglas fir -

interior 78 2.9 1.7 0.5 g.¢ 38.9
Hemlock ~ coastal 81 1.0 0.5 ¢4 2.3 51.9
Hemlock - interior 61 1.1 0.5 G.4 2.8 45,4
Lodgepole pine 454 0.5 0,2 0.2 1.1 34.9
Maple 36 0.6 ¢.2 0.2 c.% 27.6
Spruce ~ coastal 39 0.7 G.2 0.3 1.5 36.0
Spruce - interior 121 0.8 0.3 0.2 1.6 40,4
White birch 73 0.6 0.2 0.2 1.1 35.8
White pine 95 c.° 0.3 0.3 1.7 3.1
Yellow cedar 68 0.5 0.2 C.2 1.6 40.8
Yellow pine 100 2.4 0.9 0.7 ¢.& 33.1

Supplement to Table &

Lodgepele pine 378 0.4 0.2
Douglas fir -

interior 229 2,2 1.5
Cedar = interior 330 0.8 0.4
Balsam = interior 211 .6 0.2
Spruce = interior 30 0.6 0.3
Larch &% 2.3 1.2
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TABLE 5 Percentage Double Bark Thickness at Breast Height

Species group No. trees Mean Standard Minimum Maximun Coefficient
Deviation of vaviation
% % % % %

Alder 86 5.3 L4 2.5 9.1 25.56
Aspen 11¢ 8.1 1.c L 12,7 23,7
Balsam - coastal 856 4.8 2.3 0,4 14.0 47,3
Balgam - interior 24 5.0 1.7 2.4 10.¢ 2¢. ¢
Cedar - coastal 34 5.3 2.1 1.3 11.3 38.4
Cedar - interior 85 6.3 1.7 3.1 11.¢ 27.5
Cottonwood 127 C.4 2, G 2.4 18. 4 30.0
Douglas fir -

coastal 97 14,3 3.3 5.8 21.9 22.%
Douglas fir - :

interior 78 15.3 4,5 9.0 27.5 27.5
Hemlock ~ coastal 81 5.8 2,1 2.6 1L.5 31.5
Hemlock =~ interior 91 2.1 2.G 6.3 15.4 21.5
Lodgspole pine 454 4.9 1.6 1.2 10.6 31.4
Maple 36 4,7 0.1 2.8 7.1 18.7
Spruce - coastal 3¢ 2.9 1.5 0.7 8.3 50.5
Spruce - interior 121 5.¢ 1.¢ 2.7 13.4 32.5
White birch 73 6.4 1.5 3.5 11.3 25.4
White pine 25 5.3 1.3 3.0 5.8 24,1
Yellow cedar 58 4.3 1.3 i.7 7.8 2¢.8
Yellow pine 100 14,4 £, 0 5.2 23.4 27.7
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Species group Dbh H E/D Dob - . Age.
In. Ft. Ft. /in. In. Yz.

Min, Ave., Max. Min., Ave, Max. Min, 4ve. Max. Min, Ave, Max, Min, Ave. Max,

B

Alder 5 11 18 53 84 108 5 Ly 15 0.5 8 25 29 51 122
Aspen 5 10 21 42 78 103 5 8 11 0.2 7 3c 37 95 152
Balsam - coastal 6 13 50 32 104 184 3 3 11 0.6 13 53 66 174 372
Balsam - interior 5 10 24 25 70 118 4 7 10 0.7 7 29 72 151 284
Cedar - coastal & 20 51 31 89  18¢ 3 5 8 0.7 13 78 73 203 385
Cedar - interior 5 16 48 27 79 162 3 G 11 o©.7 11 53 83 191 489
Cottonwood 5 12 48 45 80 167 3 3 13 0.5 3 52 20 55 279
Douglas fir -

coastal 5 22 71 52 122 231 3 7 11 1.1 15 78 67 170 409
Bouglas fir -

interior 5 18 42 27 76 120 2 5 9 0.8 12 45 60 170 460
Hemlock - coastal 5 15 42 40 100 176 4 7 12 0.3 11 67 73 206 509
Hemlock -

interior ) 12 23 42 73 125 & 7 % 0.7 a 41 74 186 331
Lodgepole pine 5 11 23 L2 75 130 4 7 12 0.7 8 28
Maple ) 13 23 40 82 oL & 7 11 0.7 g 3 20 57 123
Spruce - coastal & 30 8 48 143 246 3 6 3 0.8 18 100 28 154 396
Spruce - interior 5 13 26 37 89 137 & 7 12 0.7 9 &1 60 142 299
White birch 5 9 21 45 e & 12 0.5 5 32
White pine 6 16 27 &5 107 147 5 7 11 0.1 i1 35 74 151 222
Yellow cedar 6 14 L2 &L 65 148 3 5 ¢ 0.9 10 55 132 250 99¢
Yellow pine 6 18 40 20 78 135 2 5 7 0.8 13 58 40 186 423
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TABLE 7 _Regression of Double Bark Thickness on Diameter Outside Bark

Regression
Specles group Constant Coeificient

Alder 0.1556 0. 048
Aspen 0.103 0. 055
Balsam - coastal 0. 290 0.02¢
Balgsam ~ interioy 0. 051 ¢, 058
Cedar ~ coastal Q,434 0.025
Cedar -~ interior 0.303 0. 041
Cottonwood 0. 064 0. 081
Douglas fir = coastal -0.234 G.13¢9
Douglas fir -

interior -, 403 0.170
Hemlock - coastal 0. 305 0. 044
Hemlock - interior 0.043 0. 085
Lodgepole pine 0.073 0.03¢
Maple 0,107 0.03¢
Spruce - coastal 0. 394 0, 009
Spruce -~ interior 0,149 0, 044
White birch 0.132 0.051
White pine 0.107 0. 049
Yellow cedar 0. 243 G. 03¢
Yellow pine ¢, 208 0.103

! Standard error of estimate, SE » and coefficient of determinatlon s 1

Rz, indicate the quality of the regresslon equation,

1

SEo

0.153
0.182
0. 250
0.160C
0.370
0. 36%
0.398
0. 642

0. 715

0.306

0.193
0.159
0. 109
0.182
0.187
0.134
0.191
0.23%
0.599

0.
o,
C.
0.
.318
0.
0.
0.

0

C.
.631
0.
C.
a,
g.
0.
. 651
. 703
.378
. 547

0

OO0

r2

525
705
488
380

440
692
856

174

84S
5G9
743
377
626
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TABLE 8 Regression of Double Bark Thickness on
~ Diameter Outside Bark and Section Height

as_a Percentage of Tree Height

Regr, Coefifs, Ffor

Species group Constant DOB SH/HP
Alder ~-.052 .058 . 002
Aspen . 139 .063 . -, 0004
Balsam - coastal .188 .032 . 001
Balsam ~ interior -.12¢ . 070 . 002
Cedar ~ coastal . 5345 . .022 -, 002
Cedar ~ interior . 215 044 . 001
Cottonwood . 055 . 082 . 0002
Douglas fir =~ :

coastal .093 .132 -.005
Douglas fir -

interior -, 256 . 1585 -, 002
Hemlock - coastal 275 . 045 . (005
Hemlock -~ interior =-,Q77 .091 . 002
Lodgepole pine . 224 . 030 -. 002
Maple . D65 . 041 . 0005
Spruce - coastal 411 . 009 -. 0003
Spruce - interior .11% . 046 . 0005
White birch .097 .053 . 0004
White pine -.084 . 057 .03
Yellow cedar -, 052 .042 . 004

Yellow pine .9565 .078 -, 010

SEg

. 148
.182
. 248
.156
. 368
. 368
. 359

. 631

. 714
. 307
. 190
. 155
. 109
.182
.188
.134
.187
. 222
.561

.558
706
.508
. 702
.325
iy
.692

. 861

775
. 532
. 854
.533
. 745
.378
.628
.652
. 719
. 467
. 892
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TABLE 9 Regression of Double Bark Thickness on Bark

Thickness at Breast Height Plus Other Variables _
_ Regr, Coeffs, for
Species group Constant DOBL BT BH SE r2

E

Alder ~. 124 . 032 . 650 . 101 .792
Aspen . 001 . 057 .1¢3 .173 .736
Balgsam - coastal .018 . 020 .510 .192 . 705
Balsam - interior =,118 L0462 L4656 111 . B4B
Cedar - coastal LY -.006 SH/HP . 587 . 293 .573
Cedar ~ interior . 354 -.006 SH/HP . 651 . 264 .715
Cottonwood ~-.126 . 0586 .363 .325 . 796
Douglas fir =~

coagstal .017 -. 004 SE .135 . 625 . 864
Douglas fir - ' ' _

interior ~-.193 ~, 004 ST . 164 . 710 .778
Hemlock ~ coastal .3468 -.007 SH/HP .738 . 234 . 784
Hemiock - interior =-.100 .073 . 231 .171 ., 382
Lodgepole pine .329 -, 005 Sy/E2 . 509 . 149 . 569
Maple -, 039 .034 . 319 . 099 . 789
Spruce - coastal .131 . 007 Lh6 .150 .577
Spruce - interior =.05% .036 . 380 .155 L7466
White birch -. 0568 . 042 . 427 107 - 777
White pine -, 1256 . 038 413 . 148 . 824
Yellow cedar -, 047 . 015 . 794 .188 . 620
Yellow pine .593 -.008 SH . G09 . 569 . 682

1 DOB or variable named



16

TABLE 10 Regression of all section double bark
thicknesses on double bark thickness
at breast height.

Regression 2

Species group Constant Coeffidient SEE r
Alder . 003 . 870 .150 . 547
Aspen .127 L5430 . 275 L334
Balsam - coastal . 105 L 724 . 245 .515
Balsam ~ interior . 007 . 755 .185 .578
Cedar - coastal .186 .5¢5 .345 L4032
Cedar ~ interior . 089 . 587 .314 . 555
Cottonwood -, 030 .077 .£&55 . 500
Douglas fir =~ coastal . 2464 . 504 .133 . 384
Douglas fir - interior .077 .5C8 . 122 w338
Hemlock -~ coastal 045 747 . 315 . 5610
Hemlock - interior -, 003 . 709 . 356 L5201
Lodgepole pine . 106 . 521 . 206 .17%
Maple -, 005 .77¢ .173 .358
Spruce - coastal .163 . 58¢ .180 .31
Spruce ~ interior .075 . 640 : . 237 . 404
White birch . 045 . 702 . 177 . 385
White pine .026 L7137 . 252 . 28T
Yellow cedar -.022 1.061¢ . 204 L5485

Yellow pine 122 . 540 .872 . 253
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TABLE 11 Regression of sverage Percentage
Double Bark Thickness on Diametex
Outside Bark

Regression
Species group Constant Coefficient - 8Ep 2
Alder ¢.45 -0, 319 2.53 0.174
Aspen 10,66 =0. 281 2,87 G. 154
Balsam ~ coastal 7.96 =G. 150 2.13 0. 268
Balsam -~ interior 8.63 -, 223 2.63 . 104
Cedar - coastal 9.08 -0.151 2,61 0, 252
Cedar - interior 9.61 -0, 15¢ 2,82 0.158
Cottonwood 10. 23 =0, 853 3.82 0.0256
Douglas fir - coastal 10.46 0.082 3.5¢ 0,081
Douglas fir =~ interior 10.09 0. 204 4, 81 0. 097
Hemlock - coastal 10.71 -0, 194 3.31 0.220
Hemlock - interior 13, 27 -3,102 2,45 0. 046
Lodgepole pine 6.7¢ -0, 197 2,04 0.138
Maple 5.35 -, 108 1.23 0.148
Spruce - coastal 6. 40 -0, 109 2. 19 0. 362
Spruce - interior 8.78 -0.220 2,39 0. 203
White birch 11.0% -0, 4E8 3.71 0.172
White pine 7.96 =0, 147 2,05 G. 159
Yellow cedax 9.66 -0.301 2.%0 0. 28¢
Yellow pine 14,68 -0, 158 &, 19 0. 081
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TABLE 12 Regression Equations for Zstimation of
Double Bark Thickness as a Percentage
of Diameter Outisde Baxzk

Species gréup Constant Regression coefficients & variables “SEE r2 or R2
% %
Alder 8.4 ~0. 043 H +0.04% h/HP 2.35 0. 290
4.8 +0.042 h/H 2.40 0. 25%
Aspen 8.¢ =0.029 H 0,043 h/HP 2,81 0.192
6.7 0.044 h/H 2,886 0. 163
Balsam - coastal 6.8 =0.026 H 40,045 4 2.00 0.363
: 4,6 0.033 h 2.1¢ 0.231
Balsam - interior &.& 0.063 D +0.G44 R/uP 2.47 ¢. 215
5.1 0. 044 h/HP 2,48 (. 209
Cedar - coastal 3.0 =0.035 H +40.050 h 2,42 0.322
5.5 0.044 h 2,69 0. 205
Cedar - interior LA 0.010 h +-0.033 h/HP 2.52 0. 342
5.2 0,062 h/HP 2.53 g.335
Cottonwood 8.6 -0,011 B +0,042 3.0% 0.106
' 7.7 4+0.043 h/HP 3.67 0.101
Douglas Eir -
coastal 12.6 0.035 D -0.040 h/HP 3.50 0.116
13.4 =0. 040 h/HP ' 3.53 ¢. 099
Douglas fir =
interior 12,4 0.114 D -0,044 h/B o 4,82 0. 100
14,3 =0.045 h/HP 4,90 0.065
Hemlock - coastal 8.1 ~0.024 B 40,255 h/HP 3.10 0.322
5.6 +0, 066 h/HP 3.23 0. 264
Hemlock - interior 6.1 ~0.014 H 0,038 hfHP 1.91 0, 274
4,5 0.03% h/HP 1.94 0. 254
Lodgepole pine 5.9 ~0.033 H 40,019 h/HP 2.03 0. 155
7.8 ~0,034 H 2,10 0.09¢
Maple 4,7 -0.012 D +40.01¢% h/HP 1.21 0.181
4,5 +0,019 h/HP 1.21 0,180
Spruce - coastal 5.5 -0.026 H -+0.050 h/HP 1.8 0.556
1.8 0.061 h/HP 2.09 0.422
Spruce - interior 5.8 «0.151 P <+0.050 h 2,28 0.274
5.1 0.043 h 2.39 0.203
White bizch 5.9 -0,022 B 40,064 h/HP 3.63 0. 209
5.4 0. 064 h/HP 3.64 0. 205
White pine 6.1 -0.014 H +0.035 n/Hp 1.91 0,274
4,6 0.03%9 n/uP 1.94 0. 254
Yellow cedar 3.3 =0.032 D +40.088 h/HP 2,33 0. 542
2.9 +0. 089 h/HP 2.34 0.538
Yellow pine 18.1 «0,069 H -0,002 W/uP 3.98 0,171
13.0 -0.06¢ H 3.98 0.171



TABLE 13 Regression of Average Percentage Double
Bark Thickness on Percentage Bark
Thickness at Breast Height

Regression Coefficient

Species group Constant BT BUP SEp 2
Alder . 851 1.143 2.28 .334
Aspen 5,56 0.375 3.05 .052
Balsam « coastal 3.70 8. 455 2,24 . 201
Balsam « interior 2,27 . 797 2,42 . 2bd
Cedar = coastal 4. 00 . 583 2.77 .162
Cedar - interior 2.88 .798 2.78 . 200
Cottonwood 3.54 .038 3.43 . 215
Douglas fir - coastal 6.51 ' .362 3.52 .101
Douglas fir - interior 4,27 . 501 4,55 125
Hemlock -~ coastal 2.7¢ . 840 3.31 . 226
Hemlock - interior 5.05 .370 2,42 . 081
Lodgepole pine 2,5¢ 535 2.05 . 142
Maple : 3.85 .322 1.30 . 044
Spruce - coastal 1.65 . 940 2.40 . 241
Spruce - interior 2.91 . 647 2,38 . 213
White birch . 2.66 . 865 3.83 .117
White pine 1.06 .978 1.86 .311
Yellow cedar 3.52 . 787 3.30 .07¢%
Yellow pine 3.69 . 521 3.61 . 318
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TABLE 14 Regression of Average Percentage Double Bark
Thickness on Percentage Section Height and

Percentage Bark Thickness at Breast Height

Recreasion coeffs., for 2
Species group Constant SH/HP 1 BTBHP SEg R

Alder -1.25 . 049 1.134 1.78 . 591
4Aspen 3.65 . 044 .373 2.77 . 214
Balsam -~ coastal 1.18 . 041 SH . 534 1.69 . 544
Balsam - interior .31 . Oty . 796 2,06 L5453
Cedar - coastal 1.09 .054 H . 736 2,23 L 654
Cednr - interior L 47 L0656 H . 819 2.18 . 508
Cottonwood 1.77 042 . 632 3.21 . 313
Douglas fir -

coastal 8. 21 -, 040 . 364 3.32 . 201
Douglas fir -

interior 6.25 -, 044 . 497 4,37 .258
Hemlock - coastal .05 . 065 . 826 2.71 . 481
Hemlock - interior 4.73 . 041 SH .370 2,22 . 228
Lodgepole pine 4,37 -, 153 DOB L 420 1,95 . 220
Maple 2.91 .023 S8H . 347 1.18 . 220
Spruce -~ coagstal -. 83 . 060 .218 1.63 . 552
Spruce - interior .51 L 046 . 643 1.96 . 467
White birch - 45 . 087 .935 3.38 . 314
White pine -, 535 . 038 071 1.49 . 561
Yellow cedar -.31 . 088 L7489 2.14 . 813
Yellow pine 4. 67 -.040 . 582 3.59 . 323
1

SH/HP or variable named.
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TABLE 15. Equations for Estimation of Double Bark

Thickness at Breast Height

Species group Constant Regression coefficient and variable

Alder 1.18 -0.075 H/D,
Aspen 0.08 0.074 D.
Balsam - coastal C. 34 6.023 D
Balgsam - interior =0.03 0.062 D
Cedar - coastal 1.92 ~0.190 H/D
Cedar - interior 0.098 6.057 D
Cottonwood 0.15 ¢.078 D
Douglas fir =~

coastal 0.15 ¢.137 D
bDouglas fir -

interior -C. 3¢ 0.121 D
Hemlock ~ coastal .33 0.042 D
Hemlock - interior 0.04 0. 087
Lodgepole pine 0.23 0,027 D
Maple 1.17 -0.085 H/D
Spruce - coastal 1.22 . -0,094 H/D
Spruce - interior .03 0.008 H
White birch 0.13 0.048 D
VWhite pine 0.01 0.052 D
Yellow cedar ¢.21 0.024 D
Yellow pine G, 8¢ 0.086 D

Supplement to Table 15 1
No. trees Dg/We

Douplas fir 0.070&4 +0.1176 D 2,259 1,133
Ponderosa pine 0.55661 +0.0976 D 1,845 1.108
Lodgepole pine 0.3147 +0.0274 D 743 1.028
White fir =0.0122 40,1047 D 754 1.117
Subalpine fir 0.0539 +40.0633 D 400 1.068
Engelmann spruce 0.2113 +0.0445 D 585 1.047
Western larch 0.1231 40,1306 D 1,058 1.150

Western white pine
Western red cedar
Western hemlock
Grand fir

Black cottonwood
Aspen

1 Diameter growth as a ratio of wood growth from Spada (1960)

2 piameter growth as a ratio of wood growth from Finch (1948)
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TABLE 16 Regression Equations for Estimation of
Section Double Bark Thickness

2 2

Species group Constant Regression coefficients & wvariables SEE " or R

Alder 0. 21 0.041 D -0,00348 w/Hp 0.163 G.465
0.55 ¢.041 D 0.1%2 0, 259
Aspen G.25 0.059 D ~0,00845 % 0,204 (0,632
0.11 0.045 D 0.285 ¢, 284
Balsam - coastal 0.35 0.027 D ~Q,G0407 h/HP G.215 ©.630
0,17 0.027 b . C.245 9,518
Balsam -~ interior 0,03 0.063 0 -~0.0063 h 0.155 0.664
‘ «0.05 ¢.051 D 0.21¢ 0,410
Cedar -~ coastal 0.58 0,023 T -0.00622 h/UP 0.315 0©.506
0.30 0.023 D 0.353 0,344
Cedar -~ interior 0.24 0.047 b ~0.00688 h ¢,30¢ 0,609
.12 0.040 D 0.352 0.493
Cottonwood 0.29 0.072 D -0.026 h 0.831 0,759
-0.GC1 0.060 D 0. 435 0.545

Douglas fir -
coastal 0.88 0.105 b =-0.04 h - 0,842 0,688
-0.15 0.076 D 1.326 0.386

Douglas fir -
interior 0.55 0.135 D «C,04 h 0.842 0.688
-0, 26 0.105 D 1.25¢ 0Q.299
Hemlock - coastal 0,35 0.045 D =-0.006355 h C.285 0,681
0.22 0.036 D 0.356 0.504
Hemlock - interior 0,08 0.088 b -0,0117 h 0,231 0.785
-0.09 0.071 D 0.350 0.506
Lodgepole pine 0. 3¢9 0,019 D ~0,004¢ h/HP 0.161 0,496
0.5¢ 0. 00497 h/uP 0.176 0,398
Maple 0.16 0.038 D =-0,0051¢ h 0.111 0.735
0,02 0.034 D 0.158 ©.399
Spruce - coastal 0.11 0.0041 H -0.002 h 0.168 0,474
.11 0.0032 H 0.1%¢ 0.321
Spruce - interior -0,01 0.009 H -0.006 h 0,203 0,564
-, 03 G.007 H ' 0,254 0,265
White birch 0. 2% 0.040 D -0.00465 WfHP 0. 1412 0,614
0. 65 ~0. 00471 h/HP 0.182 0,355
White pine 0.15 0.042 D -0.00% h 0.2C4 0,667
Q.03 0.039 D ‘ 0,23% 0.326
Yellow cedar ¢, 138 0.034 D -0,00C153 h/HP .185 (.58
0,05 0.034 D 0,200 ¢,569
Yellow pine 1.52 C.053 D =-(0,024 0.529 0,649
2.61 =0, 0244 h/H? 0.723 0.487
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Crown class

Although most of the simple o rrelation coefficients in Table 1 show only
minor influences of crown class on bark thickness there are great differences
among species. The tolerant species groups -~ balsam, western red and yellow
cedars, hemlock, and spruce show significant influences of crown class on bark
thickness, TIn Douglas fir there is a moderate influence of crown class on
bark thickness.

The influence of crown class on bark thickness of young Douglas fir,
hemlock, and cedar was illustrated by Smith and Walters (1964). On all sites
studied by them, Douglas fir bark was relatively thickest on suppressed and
thinnest on dominant tree sections of the same size, probably because the
dominant trees were fastest growing, The opposite was true for western hemlock
and western red cedar which had thicker bark on dominant trees and thinner bark
on suppressed trees at the same dob. The difficulty of generalizing about
crown class also is shown by the data of Smith and Walters (1964).

Region

Meyers and Van Duesen (1958) concluded that bark thicknesses of ponderosa
pine in the Black Hills of Dakota were similar to that in eastern Oregon and
Washington. MeCormack (1955) also found no significant geographic differences
for the regression of dbt on dbh. On the other hand Honer (1964) concluded that
because of significant regional differences in bavk thickness local expressions
of bark thickness should be developed to avoid consistent errors and biased
volume estimates.

Because of the differences shown in Tables 1 ~ 16 and influences of
species and genetic characteristics on bark growth, which differ between the
Coast and Interior of British Columbia, it seems desirable to continue to treat
bark data separately for these regions.

Data secured by C. Joergensen on 14% black cottonwoods near Terrace B, C.
agreed within about one per cent of our bark volume estimates (21 vs our 22
per cent).

Tyree to free variation

Although much of the general pattern of variation in bark thickness can
be accounted for by diffevences in species , region, tree size, age and crown
class there are many individual tree differences. As ghown in Tables 10, 13,
and 14 these can be expressed well by a bark correction factor based on bark
thickness at breast height. It is likely that this tendency toward growth

of thin or thick bark on trees is genetically controlled.
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Bark thickness of young trees

Because of the significant influence of age on bark thickness it may
be necessary to develop special regression equations for young trees. In any
case the data from Tables 1 - 16 do not apply to trees less than 5 inches
dbh, and mature tree equations with large v~lues for zero dbh may not f£it young
trees adequately.

Data from the U, B, C. Research Forest suggest that average bark thiclke-
ness of many young trees is about three per cent less than the averages given
in Table 3. Smith and Walters (1964) reported that bark percentage of 51
Douglas fir trees averaged 8.3 and ranged from 5.5 to 15.8. Bark prercentage
of 91 hemlocks averaged 5.6 and ranged from 2.3 to 8.9, Bark percentage of
62 cedars averaged 3.8 and ranged from 2.3 to 5.8, Douvglas fir bark percentage
decreased from dominant to suppressed classes and with dbh, total height, age,
and site fndex. Almost all of the variation in hemlock bark percentages was
independent of these factors and likely to be genetic. Bark percentage of cedar
trees increased with dbh, total height, and total age.

Our limited data on silver fir from the U. B, C, Research Forest suggest
similar bark percentages for old and young trees.

For some purposes, use of a constant percentage of over=bark volume hag
been assumed to be adequate. Hummel, Irvine, and Jeffers (1951) assumed that
bark percentage was 12.5 for all height, and girth classes of Douglas fir in
Britain. Hummel, Locke, and Verel (19562) suggested, however, that bark of
Sitka spruce varied from 7 to 11 per cent of over-bark volume. Bark of Douglas
fir varied from 12 to 13 per cent of over-bark volume. They observed: “Bark
percentages will generally be near the lower limit on large trees and near the
upper limit on small trees. The rate of growth and locality may, however,
affect the issue. TFast growth on sheltered sites generally makes for thinner
bark than slow growth on poor sites." '

Smith, Ker, and Csizmazia (1961) gave several estimates of bark thickness
of young Douglas fir, hemlock, and cedar.

Stanek (19656) found that bark expressed as a percentage of voluime of
wood and bark of young lodgepole pine trees decreased with dbh as 16,6 - 0,59
dbh. He found that bark volume percentage of young Engelmann spruce decreased
with dbh as 17.8 - 0.40 dbh.

Sapwood thickness and distance from live Crown

The 58 young Douglas fir trees and their 437 sections studied by Smith,
Walters, and Wellwood (1956) to define variation in sapwood thickness were
also analysed to determine factors influencing bark thickness. There was a
relatively minor influence of dbh (r,23), crown class (r.19), and years to base
of live crown (r.09) on dbt of all sections. Dbt decreased with height of
section above ground (r~,73), with section height as a percentage of total height
(r-.80) and with distance of section from base of live crown (r-,83)., Dbt
increased with: decadal radial growth of wood (r.23), number of years in sapwood
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(r.34), width of sapwood (r.53), number of years above or below the base of
the live crown (r.72}, number of rings from pith (¥.79), section dob
{(z.86), and section dob (r.88). :

Stand density

With the exception of glder, the data in Table 17 suggest that trees
grown rapidly in the open have thicker bark at breast height than those of
the same dbh grown much more slowly, The difficulty of interpreting these
data is great and the whole question deserves further study. For example,
dbt of Douglas fir and hewmlock increased significantly with number of sides
free from competition and with the ratio of crowm width to dbh as might be
expected. However, dbt also increased with basal area per acre, possibly
because of the association of inereased basal area with age and dbh.

Hale (1955) observed that some very fast growing young white spruce
(perhaps open grown) had unusually thick bark. '

TABLE 17 Influence of Stand Density on Bark Thickness

Species Source No, gg§EStD§E°WnAge No. gggn Gﬁgﬁn Age
In. % Yr. In, % Yr,
Alder Apsey (19561) 50 10,3 2.3 30 72 11.&4 3.5 24
Cottonwood Pearson (1562) &0 14,1 5.9 37 47 16.2 8.5 28
Douglas fir Johnson {1962) 3¢ 11.¢ 8.%6 70 35 11.0 17.4 44
Engelmann spruce Johnson (1962) 21 1.6 7.0 81 33 10.0 7.8 40
Lodgepole pine Bailey (1964) 63 9.2 6,9 42 111 8,2 10.3 35

Bark thickness of roots and branches

Table 18 contains data secured from the trees studied by Smith (1964),
Although the form of each relationship varies and differs slightly from species to
species, data are summarized by dbt as a percentage of median dob for each class.
Root bark is relatively thick and root collar bark relatively thin for alder,
cedar, Douglas fir, and hemlock. Root bark thickness of cedar was relatively
and absolutely much thinner than that of the other three species.

The last line of Table 18 provides a comparison with data collected
earlier by Smith, Ker, and Csizmazia (1961) which agree well with these with the
exception of hemlock, Bramch bark thickness was highly variable but significantly
correlated with dob which accounted for 10 to 20 per cent of the variation in
cedar, 25 to 36 per cent in hemlock, and 50 to 5C per cent in Douglas Fir (Smith,
Ker, and Csizmazia, 1961).
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TABLE 18 Bark Thickness of Roots and Branches
Species, number of samples and percentage dbt

Source of data Dob Alder Cedax Douglas fir Hem]loclk
In., NWo. % No. % No. % No. %
Roots 3.5 28 11.5 32 4,5 53 15.5 49 13,5
Root collar 16,0 33 4.7 6l 4,3 8¢ 1.9 21 4,6
Branch butt 1.5 33 10.7 54 12.7 80 12,7 56 13.3
Branch middle i.3 33 S.2 54 13.¢ 80 11.6 56 13.1
Butt and middle - - - 80 12.7 1 36 S.6

76 13,
branches :

Specific gravity of bark

Hale (1955) reported the following ranges in basic density of bark, green
volume: Balsam fir 0.35-0.43; Black spruce £.35-0,44; White spruce C.32-0,37;
Jack pine 0.30-0.41; White birch 0.48~0.56; Trembling aspen 0.46-0,54, With the
exception of aspen in which it increased, bark specific gravity decreased
from stump to top of the bele,

Dobie (1965) summarized all available data on weights and moisture contents
of the bark some North American conifere, His limited data for old growth on
the B, C. Coast showed that oven-dry hemlock bark weighed 34 pounds per cubic foot
Douglas fir 31, and western red cedar 21. [Bastern balsam fir bark weighed 31,
Black spruce 24, White spruce 28, and Jack pine 33 pounds per cubic foot.

Specific gravity of bark of 20 Douglas firs from the U,B,C, Campus Forest
aged 10 to 75 years was studied recently. Bark specific gravity of roots was
0.41, at breast height C,38, at half total height G.31, and of branches was
0.33. Specific gravity of bark at half the total height of the six 1C-year-old
trees was very low, only 0.21. Bole bark specific gravity of the 14 Douglas fir
trees, 20 to 75 years old, averaged about (.35 or 22 pounds per cubic foot.

When compared with Dobie's (1965) data on specific gravity of old growth
Douglas fir these data confirm Hale's (1955) observation that bark specific
gravity increases with tree and section age,

Besley (1965) summarized available data on density and moisture. He
observed that bark weights expressed as a percentage of rough tree weight were
12-15 for balsam fir, 16 for jack pine, 10~12 for eastern spruces, and 12 for
paper birch.

Obviously, further studies of bark specific gravity are needed. FEven the
U. 5. Forest Products lLaboratory has data on bark specific gravity for only one
tree from each of the tree species of the U, 8. A,
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Yolume and weight of bark logged in B. C.

Kokoschke (1955) suggested that for every hundred cords of wood processed
in a pulp mill 6 to 8 tons of bark (oven-dry) are obtained, He also said that
for every M fbm of lumber cut in a sawmill roughiy 500 pounds of bark is
available.

The report of the B, C, Forest Service for 1945 included the data shown in
Table 19 on cubic foot volumes logged that year. These can be combined with
data from our Tables 4 and 5 and various estimates of bark density to give
information about volumes and weights of bark potentially available for improved
utilization.

The estimates in Table 19 must be reduced by a correction for fissures and
scales which decrease the actual volume of bark available. In addition bark
will be lost in every phase of logging and storage up to the point at which bark
is removed to facilitate further processing of the logs. No data are available
for estimation of these losses. Loose pilinz of bark will roughly double the
volumes calculated here. In addition machine peeling of bark from poles and
piling may remove as much outer wood as bark (Weldon, 1965).
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ba

Douglag fir
Cedar

Spruce

Lodgepole pine

Hemlock

Balsam

White pine

Yellow pine

Cypress
Larch
Hardwoods
Cottonwood

Total

1 From Dobie (1955),
2 Pprovided by Don Stewart, MacMillan Bloedel.
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Production of wood and

Solid wood

M cu, ft,
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Curreﬁt values of bark

Boyd (1965) reported prices per 200 cubic foot unit of hog fuel made of
bark, sawdust and other mawmill residues, Douglas fir was worth 50 cents,
hemlock/balsam 20 cents, and cedar nothing., During milling of one M £bm of
logs 0.5 units of Douglac fir bark, 0.3 units of hemlock/balsam or 0,2 units of
cedar can be expected on the coast of B, ¢, These would be the rough equivalent
of 1200 pounds dry weight of Douglas fir bark 720 pounds of hemlock/balsam
bark, and 300 pounds of cedar bark. Asguming that bark has the same value as
wood, 8,600 BTU per pound, the energy available is considerable even after
allowance for removal of bark moigture, which amounts to about 1,100 BTU at
50 and 1,600 BTU at 100 per cent moisture content on an oven dry basis,

Kokoschke (1955) tabulated fuel values of various barks, expressed as
heat of combusticn at air dry conditions (4 to 5 per cent moisture). Expressed
as BTU per pound these weve 8861 for Balecam fir, 8204 for Larch, 8246 for
Black spruce, 8761 for Jack pine, 8302 for Zastern hemlock, 7301 for Sugar
maple, 7947 for Yellow birch, 8433 for Aspen, and 5995 for White oalk.

Mr. Puppin of U A. Simcns Ltd, estimated that generation of gteam from
bark will cost roughly half as much as steam from bumker "C" grade fuel oil,
Costs per million BTU of steam average 20 to 25 cents from bark and about 55
cents from fuel oil. Assuming that combustion of bark is quite incomplete and
moisture content extreme it might take Ffour pounds of bark to equal the heating
content of a pound of bunker "C" fuel oil (18.2 M BTU). Then the cost of
replacing a pound/tuel oil with a pound of bark will be about 0.27 cents., If
burning efficiency could be improved to near optimum the fuel oil replacement
cost of a pound of bark would be about 0.4 cents,

Since number three cawiogs which are often used for manufacture of
pulp sell for roughly cne cent rer pound in the Vancouver Log Marxket there
would appear to be considerable incentive for research into finding ways in
which bark could suppiement or replace wood in various kinds of pulp and fiber
boards. These data also can estimate the replacement cost for bark as a raw
material in processes for extraction of organic chemicals from bark.

Literature on bark reroval was summarized by Perem (1958).
Conclusions

Our equations describing distribution of bark on the commerciagl trees of
B. €. can be used as required to convert outside bark measurements of form and --
taper to inside bark valuee.

Further work is neceded to find better values for estimation of epecific
gravity of bark. However, those presently available are adequate to roughly
indicate a maximum yield of about 4.4 million cven dry tons of bark from the
1.5 billion cubic feet of wood logged in 1965 in B. C. The volume of bark
involved is about 300 million cubic feet, voughly 20 per cent of the current
annual cut of wood.

Bark is either not used or rather poorly used, today in B. C, Therefore,
fundamental research should be directed toward securing the information needed
to utilize commercially much more of this vast stoxrehouse of fibers and organic
chemicala.
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