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ABSTRACT

Prediction of wind breakage and uprooting in tree stands requires
information on weight of dry crown, branchwood, and foliage. This
information has not been published. An experimental program started in
1951 has led to a number of generalized relations by which these crown
characteristics can be determined with good accuracy over a wide range
of tree diameters, species, and species groups.

" Crowns, thelr components--branchwood and foliage--and stems were
analyzed for 211 conifer trees repreésenting 13 species and 4 sites from
4 states. Diameters of stems ranged from 1 inch to 37 inches at breast
height. Weights of dry crown, dry branchwood, and dry foliage were found
to be significantly related to stem diameter at hase of live crown for
each species provided crown length is taken into account.

Relation for crown weight varied with species and site but not
‘with crown geometry, position of the crown in the canopy, or age. Both
branchwood and foliage relations appear to behave similarly.

Crown weight relations for all species were grouped by statisti-
cal comparison of regression lines. Resulting groups were rationalized
on the basis of similar tree characteristics in an attempt to establish
& basis for rating the crown weight of foreign speciesy. or native
species not yet analyzed. No firm basis for ratings could be deduced.
‘At a 12-inch stem diameter at base of crown, crowns of shade-tolerant
gpecles were not necessarily heavier than those of intolerant trees
although they generally had smaller branch-to-foliage ratios. Im all
species this ratio exceeded 1.0 for trees larger than 5 inches stem
diameter at base of crown.

So that results could be applied to stands of trees, the species
were grouped to correspond to 11 selected American forest cover itypes.
Equations for weight times length of dry crown for these 11 cover types
are presented.
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INTRODUCT ION

Determination of relation between certain tree GrOWﬁl/ and stem
physical characteristics is necessary for the development of a method
vhich predicts tree breakage under the influence of shock-wave winds
of the type associated with atomic weapons. Weight of dry crown and
its components--dry branchwood and dry foliage--are required to esti-
mate aerodynamic drag forces acting on trees of all sizes and shapes,.

This study of tree crown and stem characteristics is one of a
number of basic studies (13,16,18,21,23, gﬁ)—/ of physical and mechan-
-ical characteristics of trees eondﬁEted for the Armed Forces Special
Weapons Project leading to a method which predicts tree breakage and.
uprooting under the influence of strong winds. Wind causes trees to -
bend, break, and uproot through aerodynamic drag action on foliage,
branchwood, and to a lesser extent on main stem surfaces, Drag force
has been related to weight of dry crown,.a simple indirect measure of
orown surface area, for individuals of several coniferous tree species
(21) Breakage theory for conifers also requires knowledge of the
ratio of weight dry branchwood to weight of dry foliage, Knowledge of
. the relations between the weight times length of tree crowns and come. .
‘ponents and their stem diameters and the variations in these relations
due to crown geometry, crown class, site class, and age is neceasary to
allow extrapolation of drag data to trees with crowns of all sizes and
shapes that may be found in a forest stand., Determination of species
and silvieal similarities would allow prediction of crown weight times
length for an unfamiliar species, either native or foreign.

Knowledge of the weight times length of tree crowns should fihd'

ready application in several other phases of forestry., For example;
the foliage welght-stem diameter relation could be used to supplement
existing knowledge of litter production from trees and stands for use

in soil nutrient and infiltration studies, Quantity of foliage deter-

‘mines the amount of precipitation and solar radiation reaching the
forest floor as well as penetration of light through the crowns. The
crown c¢anopy intercepts rain and snow and has a retarding influence on
~the evaporation from the forest floor. Determinations of crown weight

would be interest in fire control and forest management to allow prior

1/ Crown = (Branchwood + Foliage), and does not inelude the :
main stem,

2/ Underlined numbers in parentheses refer to Literature Cited,
page 91.

-0 -



estimation of the amount of slash that would be left after logging. A2
Fuel volumes in crowﬁs of standing trees wnuld also be\of imt&rest in
fire central.

PREVIOUS STUDIES

Much werk has been dome on quantitative variations of fsliage
for several coniferous and broadleaf tree- species, Very 1ittle is

‘known eoncerning estimation of total erown or branchwood weights. Foli-

age has been studied intensively by areay, volume, welght, and number,

.81l of which are closely related. Quantities have been determined b@th
by sampling and by intensive study of total foliage. ‘Howevery  since few
investigators correlated these measures with tree stem characteristiocs,

1ittle of the wealth of published material was directly applicable to
th£~present study. Ne- investigat@rs eonsidered length of . cr@wm.v

That leaf surface area is related to weight has been well estab-
lished for both eonmifers and hardwoods, Tirén (25), working with
Seoteh ping in Sweden found needle area direetly proportional to dry
welght at an approximately constant 15-17.5 ‘square meters per kilogram,.
Chandley (ﬁ!), studying both forest and frult treesy found that this

“ratio. is nesrly constent for eny one species. He soncluded that leaf

area and dry weight of leéaves can be used interchangesbly in determine.

ing the correlation with some other variable such as interception and.
tramspiration. From intensive work with Califormia black osk and Game

bel oek, Sampson (20) found that the ratio of leaf ates to dry weight
of leaves is fairky constent at from 9 to 11 for both species, although

~both area and dry Wéight change as much as. 4@@ percant from‘spriﬂg to

3.11& '

It aygaars that Tufts (26) was. the first to relate weight of

. tops to tree dimenmsions. Working with fruilt trees he reported high

eorrelation bﬁtwaen.weight of erown and circumference of the- trunk,.
Correlation coefficient for peach and almond excéeded 0.90. - The work
of Kittredge Q%i&lﬁgggiééuéé) wherein he supplemants his own work on
pondeross. pine :a@,eany@a Tive cak with figures for other species fram
a variety of published. sourees . nmtably~8urger (3,&,5,6ﬁzg8hé}g is '
probably the richest souree of information. Kittredgé “tested

-tion between leaf weight and diameter of individual trees f@r'lo spﬁeies

and 28 stends representing a varlety of locations, sites, and sges. In
all cases trends were linear when data were plotted on double lagarithy

.mic paper and thuﬂ cguld be répresented by the regfessien éqpati&n.

CW e -a.(D)b

vhere (W) is leaf dry weight in kilograms snd (D). ds diameter bréast high
in. indhés. The~regre381on coefficients for the data from the United

10



States and for species native to the United States in Switzerland were
tested statistically and all of them proved highly significant. - In no
cases did the data deviate significantly from linearity. He observed
that as a whole the variations in the two constants--from 1.1 to 3.3 for
slope and from -0.4 to -2.2 logarithmic units for the intercept--is sur-
prisingly small considering that conifers, deciduous, and broad-leaved
evergreen species from California to Vermont and Switzerland, represent-
ing a wide range of sites and areas, were included. Furthermore, he
concluded that this relation is applicable to trees of different sizes,
densities, crown classes, and ages at least up to the age of culmination
of growth and beyond that for tolerant species in all-aged stands,

Maruyama (17), working with Japanese red pine (Pinus densiflora,
S and Z) in Japan, checked the Kittredge formula for the relation between
leaf weight and stem diameter. Maruyama used green weight, which of
course changes only the intercept in the regression equation.

Cummings (11), related number of leaves to branch diameter squared
for a single silver maple tree but did not give leaf weight data. Roth-
acher (19) correlated number of leaves with both branch diameter and tree
diameter for individual specimens of white, scarlet, and black oak using
the relation developed by Kittredge. Average leaf weight data allowed
conversion of leaf numbers to weight. He concluded that there is no"
noticeable influenceamong sites I to IV on quantity of foliage, and that
estimating equations may be applied widely throughout the area typical of
the forest type studied. ‘ ‘

As breakage theory for conifers shows that drag-force estimation,
-and thus breakage prediction are quite sensitive to dry crown weight,
close estimation of crown weight is essential. Thus, although Kittredge
(14) indicates errors of forecast of only about 11 percent are possible
when estimating folldge weight directly from diameter breast high for
ponderosa pine the present experiment was designed to secure all possible
tree measurements in an attempt to develop a more accurate relation for
foliage as well as branchwood and total crown weights.

PROCEDURE

o

This study 1s based on an analysis of 211 conifers comprising 13
species including pine, cedar, true fir, Douglas-fir, spruce, larch, and
hemlock. Four different sites. and four states are represented. Individ-
ual trees of species comprising several important American cover types -
were chosen for analysis. Most of the work was done at Mt. Shasta Experi-
mental Forest on the Shasta National Forest in California and at the
Priest River Experimental Forest on the Kaniksu National Forest in Idaho.
Table 1 lists species and gives site classes and locations from which
sample trees were selected.

11



Table 1.~ Site, species, and location of test trees

(Abies concolor)

Shasta Natl, Foresty Calif,

Elev. 4000 ft. (Westside)

e s T
P Tree~ e Site~| Crown
Specles | mmbers Jocation lelass| canopy

_ Ponderosa pine 1-12 Mt. Shaste Exper. Foresty IT  Semi-

(Pinus ponderocsa) Shasta Natl. Forest, Calif. open
Elev. . 4000 ft,.(Westsids)

gPoaderosa_pinev 13 Mt Shasta Exper. Forest, IT  Semi-
(Pinus ponderosa). Shasta Natl. Forest, Calif, open

| S Elev. 5000 £t. (Easiside)

'Ponderosa pime 14«16 Priest Riv, Exper. Foresty I1T ’Ciésed,
(Pinus ponderosa) ~ Kaniksu Natl. Forest, Ida.

%Elavd 3000 ﬁt. S

Ponderosa pine. 17«43 Charleston Ranger Dist., a IV-V Semi-

(Pimuﬂ penderoaa) ~ Nev. Natln Forest, Nev. - open
Elé‘v& @@ ftu ' R '

. Ponderosa pine 44~59  Charleston Renger Dist., IV Semi-

(Pinuﬁ ponderosa)  Nev. Natl, Forest, Nev. open
) ) Ele“fc 8000 ftﬁ -

Sugar pine 6063 Mt, Shasta Exper. Forest, IT  Semi-

(Pinus lemberti- Shasta Natl. Forest, Calif. open

ana) Elev. 4000 ft. (Westside)

“Western white - 64-93  Priest Riv. Exper. Forest, ~ IT Closed
pine (Pinus Kaniksu Natl.. Forest, Ida. ‘
montieola) ‘Elev. 3000 ft.

Lodgepole pine  94-97 Mt. Shasta Exper. Foresty II Semi-

(Pinus contorta) - Shasta Natl. Forests Calif. opaH
Elevﬁ 4@@0 £ (Westside)

Lodgepole pine 98-104 Priest Riv. Exper. Forest; IIT Closed

(Pinus coniarta) Kaniksu Natl. Forest, Ida. :
Elev. 2500 f1.

Loblolly pine 105-113 Santee Exper. Forest, Framels II  Closed
(Pinus taeda) - - ‘Marion Natl. Forest, S, :
. N ‘Carolina. Elevg.BO@ fte

. White fir 114-122 Mt, Shasta Exper. Forest, II  Closed

§eE footnotes &t end Of tablé, Pa. 13
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Table 1 (continued)

a b
- Tree~ Site—-| Crown

Species rumbers Location class Canopy
Grand fir 123-125 Priest Riv. Exper. Forest, IIT Closed
(Abies grandis) , Kaniksu Natl. Forest, Ida,

' EleVO 3500 ftm
Douglas-fir 126-131 Mt. Shasta Exper. Forest, IT Closed
(Pseudotsuga Shasta Natl, Forest, Calif,
taxifolia) Elev. 4000 ft. (Westside)
Douglas-fir 132-151 Priest Riv. Exper. Forest, IIT Closed
(Pseudotsuga Kaniksu Natl. Forest, Ida. o
taxifolia) Elev. 3000 £t.
Engelmarm spruce  152-165 Priest Riv. Exper. Forest, III Closed
(Picea engel- Kaniksu Natl, Forest, Ida. o
‘mannii) Elev. 4000 ft.
Western hemlock 166-179  Priest Riv. Exper. Forest, IIT Closed
(Tsuga hetero- Kaniksu Natl. Forest, Ida.
-phylia) Elev. 3500 ft.
Incense cedar 180-185 Mt. Shasta Exper. Forest, IT  Open
(Libocedrus Shasta Natl, Forest, Calif.
decurrens) Elev. 4000 ft. (Westside)

Western redcedar  186-200 Priest Riv. Exper. Forest, IIT Closed
(Thuja plicata) Kanikeu Natl. Forest, Ida.
Flev. 3000 ft.

Western larch 201-211  Priest Riv. HExper. Forest, ITI Closed

(Larix occiden- Kaniksu Natl. Forest, Ida.
talis) Elev. 3000 f%.

Zphysical characteristics of trees are givem in tzble A-1,
Appendix A. ’

Eﬁitewweapaeity to produce forests as reflected by everage height
of ‘dominant trees; Site I highest capacity.

Criteria for individusl tree selection were deminance, fullmness
of crown, uniformity of crown, and lack of defect visible from the ground
(1.4, fire scar, rot, crook, and fork)., Diameters at breast high from
1 inch to 37 inches were sought; howevery suitable trees in each dlameter
clagss were sometimes not available. Trees were selected from typical
associations for the given specles. Nearly all trees fit the crown

13



class I of Dunning (12) for young treesn Tree and crown measurements oom-
monly used in forestry were used to increase utility of the resulte. All
tests were conducted under dry soil conditions except for loblolly pines
which were measured on wet soil. All crown analyses were made in mid- or
late summer prior to leaf fall. : ‘

A1l species, dlmmeter breast high, site class, and location for sach
semple tree were recorded. The area around each sample itree then wes
cleared of all litter and dead branchwood. Height of each sample tree was
determined by repeated Abney level observations and checked by actual
- measurement of the gtem after falling. Total height is from the beginning
of the current year's growth at the top to one foot above ground at the
bage. Using the total height each 20 percent section was caleulated and
marked off on the standing stemy 0-20 percent being at the top of the tree.
The tree was them pruned to the 80 percent mark, or the elosest 20 percent
thereto if live branchwood started above the 80 percent mark. For details
of erown division see figures 1 and 2 ‘ ,

[ 0%
-
=
R*
(<]
o~
20%

=
=
R
8

TOTAL T 40%

HEIGNT &
b |

60%
-
E 4
R
[=}
o
TRIM TO
I-FOOT ABOVE 80% CROWN LENGTH
GROUND 4 \
L7/ 777 7] 7777777777 777777777

Figure l.- Tree division for crown anslysis
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wood and dry follage-«are presented in Apper
messurenents are listed cumdatively by 20 percent crown %@ticms and by
- other crown. sectiong, as imiiaaw@ in the tabm_

rithmic paper (figure 3), as suggested

The lower 20 percemt (60-80 percenmt) then was pruned of branchwood
flush with the stem, and irimmed crown wighed* ‘Btem weight was not . con-
gidered in this amalysis. Moisture semples of ngedles and branchwood
separately were taken immedimtely, from clumps taken at random from top
to bottom of section, About ome third of the crown section was laid aside
to be stripped for follage and branchwood amalysis. Stripping of foliage

was carried on by a seecond erew while pruming contimued. Fas¢icle sheaths

wers congldered as foliege. Branchwood &nd follsge were weighed separetely
following stripping, and ancther moisture comtent sample was taken of each.

Semples were plased in cansy. and moisture content determined later by gven
drying at 1809F or by xyleme distillation (2).

‘The next 20 pereent crown was pruned, weighesd, aud sampled for
m@isture content as before. Agaim one third of the orown section was
gaved for strimaixxg; %ighimg » and sampling molsture. The proeess was
continued until the tree was completely stripped of crows leaying only
the bare stems, Finally the stem was cubt down, cut ab the bhage of each
40 percent crown section, and avm'ag@ dismeter inside bark and stem
length meaaursda.

RESULTS AND DISCUSSION

Physical characteristics of crown and stem for gach sample tree
and caleulated dry welphts for total crown and its componsnts-~dry bmmnﬂ
adix Ay table Al men

Combinstion of Varisbles

‘When the two variables, dry crows weight in pounds (W, ) end stem
diameter at bresst helght in imches ( i.. ) are plotted on dotble loge-
%:y' Kittredge (14) for dry weight

of fcxiiagé .the trends are linear so that they cam be ré@fﬁsﬁentea by the

‘Wgr&ssiﬁn équat iong

o = alay)” (1)

This relation was tested for data from seven ponderosa pimes of site

¢lass IT located neer Mi. Shasta, California. The regression cesfficient
was tested statistically and proved to be highly significent. An addi-
tional statistical test showed that the trend did not deviete significantly
from lineerity, Coeffieient of correletion was (0,991 and standard error

-~ of estimata was 27 percent of 318 poundsy the mean valué of dry erown

weight .
To determine whether other combinations of varisbles would permit

closer estimation of welght of dry CTOWn, two fuprther a:naiyses were made
of data for the same seven ponderosa pines.
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Figure 3.--Relation between dry crown weight and breast high stem
diameter outside bark--ponderosa pine (California)
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Substitution of stem diameter at base of live crown in inches (d(,)
a8 the independent variable in place of diameter breast. high results in
an equation of the forms

Wio = aﬁd-)b - (2)
‘This form equation (figure 4) decreases standard error of estimate a sub-
-stantial amount to 16 percent and increases coefficient of correlation
10 0.997. Again the regression coefficient was highly significant and
there was no departure from linearity. Improvement in estimation of
érown weight was obtained even though all trees were of 80 percent crown
with base of ‘live crown quite close to breast high. With a wider range
in erown length, which is more customary in forest-grown trees, the
advantage of using base of crown stem dismeter would be even HOTE appar-
ent ag this variable corrects for variastions in stem form.

When the weight of dry crown is multiplied by the length of live
crown in fest (H ) and stem diameter at base of live crown is retained

as the independefit veriable the following equation resulbss

Wyl = a(a,)’ e

This form equation (figure 5) provides even closer estimation of dry crown
weight with an error of estimate of only 7T percent of the mean, (oeffi-
clent of correlation becomes @9999# The regression ceoefficient is highly
. significant apd no departure from linearity can be demonstrated. Inclu-
~gion of the cerown length varisble improves estimation of crown w@ight as
it provides correction for poor site, old trees, and for natural varia-
tlons for amy given site and age. Older trees, or trses on poor site
have shorter, broad crowns on the average, and ¢rown weights tend to be
overestimated from the correlation of crown weight alone with diameter

at base of live crown (equetion (2)). Tt was alsp foumd that slight loss
in accuracy resulis from rearranging the verlables in equation (3) into
8 new equation combinimg lemgth of live crown with the independent vari-

- able édiam@ter at base of live crown) rather then with the dependent

. ‘?‘atr‘ia 190

An anmalysis similey to thet outlined above for weight of dry crown
of ponderosa pine was applied to data for the two crown components--dry
branchwood end dry foliage. Similar results were obtained. The dis-
cussion which follows deals with the more accurate relation similar to
-equation (3) for both total crown and components..

For this anelysis all weights are oven dry. The drymsss of the
crowny Whether oven dry, air dry, or greem, changes only the value of the
constant (a) in the equation and does not alter the u&@fulméss of the
‘rﬁlaticﬂ for purposes of estimation.
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Figure 4.--Relation between dry crown weight and base of crown stem
diameter inside bark--ponderosa pine (California)
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Crown Geometry

The preceding discussion dealt with only one welght, length, and
stem dismeter meapurement per tree. In addition, erown lengths were all
the same percent of total tree height, and smaller diameters were not
well represented. To allow extrapclation of correlation between drag
force and dry crown weight to all itree sizes and shapes it is necessary
to demonstrate geometrical similitude of tree crowns. That is, the same
relation between crown weight and length and stem diameter must be shown
1o hold for both the top of a large tree and a full-crowned small tree,
This is necessary before dynamieal similitude can be assumed.

For this purpoa#, data for all crown gections for each ponderosa
pine from the Mt. Shasta area of California were plotted in the usual
form on a single graph (figure 6). Regression equations were calculated
and plotted for 20, 40, 60, and 80 percent crewn sections. Constants
and statistical measures are given in table 2. Visual comparison of the
four curves showed marked parallelism. A statistical test for the signifi-
oance of differences between both regression coefficients amd intercepts
by percents crown demonstrated that ne significant differences exist,
thus effectively showing geometrical similitude of tree crowns of all
lengths and sizes for ponderosa pine.

As the four fitted regressions by percent crown for all other
gpecies and locations superimposed quite well, similitude was assumed
although lack of data preciuded the use of statistical analysis.  Conclu-
sive proof of this agsumpiion of similitude for species other than pon-
dercsa pine must awallt further investigation.

Use of gll crown sections also increased the number of usable sets
of meagurements to a maximum of four for each pample tree., This strength-
engd further analysis by tripling or quadrupling the number of degrees of
freedom available for estimation purposes.

This relation for both total crown and components was tested for
the 12 additional species which arve from & veriety of locatioms, sites, and
of several ages. The regression coefficients for all gpecies were tested
stauisticaily, and all of them proved highly significamt. TIn the cases
in which the greatest tendency toward a curvilinear trend appeared, statis-
tical test showed that the lime did not deviate significantxy from
linearity. ‘

The values of glopes, intercepts; and statistical measures for the
equations of the several different species and stands for tohal crown,
branchwood, - and foliage are summarized in tables 3, 4, and 5 respectively.
Number of data and ranges in data about the tremd lines are given in each
case. Corresponding graphs are presented in Appendix B, figures B-l to
B-17, figures B-18 to B-26, and figures B-27 through B-35 respectively.
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Figure 6.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark by percent crown--
ponderosa pine (California)
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Table 2.- Relatloris and statlstics of dry crown weig@t and
length to stem dieameter at base of crown
percent crown--ponderosa pine (balif@rnia)

Relatlon. ‘w&é« . = a(d )b |
Percent Gonstants , v Statistical measures
¢Irown . ’ B C
a b I'h B N
, , _ , _Tyx
20 0.874 4 <091 0.994 | 32
40 1.079 3.968 0.996 25
é0 1.603 3774 0.998 16
80 l 953 3 688 o 0999 T

2Both constants highly significant at a 1 percent level of
probability.

“Coefficient of correlation.

=Standard error of estimate (percent).

It is not surprising that the weights of dry crown, branchwood,
and foliage times crown length proved significantly related te s§7
dismeter, -Stem diameter is related to periodic annual increment
stem wood and periodic increment is determined by the amount of foliage
which is carrying on photosynthesis in that period. Kittredge (14) has
shown that amournt of foliage is correlated with increment of stem wood.
From his studies of several comifer species including white pine, :Scotch
Ppine, and Norway spruceé he concludes that the relation between leaf
‘weight and stem diameter is applicable to trees of different sizes,
-erown densitiesy crown classes; and ages at least up to the age of cul-
mination of growthy and beyond that age for tolerant species in all-aged
stands. Few of the trees measured in the present study exceeded 80-90
years,. the age of culmination of growth for most conifer species and
sites. As branchwood serves as underpinnings for the leaves its weight
should be related to both amount of foliage and stem diameter.

3/ The growth in volume for any speclfied perled divided by the
number of years in the period.
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Table 3.- Statistics for relation dry CTOWH weight and Iength to

s’eem diametar al base of or c%mm

. Species
location

Number of
‘ ‘trees

| Number of
1 data

__Range of éata,_

Relatmn: W

G

a(d )& |

’B\ssecmm,

stem
diameter

=
d =
e

Crown | Crown
length | weight

He, : Wﬁe

Qtants—

S‘tatmtwal

mgasures

- Ponderosa pine (’cglif ) 13
E,aadercis‘a pine (Idahe) 3
Ponderosa pine (Nevada) 43

W
@ O

43

 =inches-

049-36.0

1.4-15.1

0.3-5780
- 1.5-590
23.0-333

2.2-9%.0
,344f57@5
"{&6»48‘1 '

1.138

3.542

3.923
3.492
3.230

0.997 23
a .4
0.928 36

Western white

11

s8*13»5

Buh-41.6  0elf285

1.811

0.999

15

300 37 LI-176 4.1-10240 T«450 3.084, 0.939 68

pine (Iéﬁfﬁ@

3.830
2,987 3.624

10.1-45.6 1.205

4.6»43(;1%6

L@ﬂgepole pine (Calif.) 4 12 3.8-16.0 17+6-909 0,976 43

 Iodgepole pine (Mdaho) 7 20 1.3-8.5 1.2-185 0.975 4L

{Loblglly pme (S« Gar.) -9 17 ' 4.6-11.6 17.3-21‘3 59.4~67 9.109 3,108 0.993 31

0.3-24.5 0.8-98.0  0.1-1776 3,509

l-;ﬂ-—lS‘B

White fir (Galif.») 9 1 2.771

: 4».22?

0.999 15

Grand fir (Idgho) 307 3.'9-125.,9 @-1055 3;5525 0.997 35

=S e Nomencigture, page Ob.
Bpoth constants highly significant at a 1 percent level of probability.
SCoefficient of correlation..
Sstandard error of estimate.
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3.340

0.975

(Table 3 continued)
7 7 3 s k [— ) b
Range of »data Relation: Wy «H = a(gc)
S Gt - r N
Species {° o |Base t»crown Crown Crown Constente> SY anlsmcal
and. 5oy 8 em length weight measures
. 2318 g | diameter ;
location g o S 2 a q W a b 1‘9 3 g_
’z‘.-ﬁ = d-c"“ c de VX
_ -inches-  ---feet--- -pounds- percent
Douglas-fir (Calif.) 6 14 0.6-18.5  2,1-87.0  0.3-1102 3.341 3.515 0.995 37
Douglas-fir (Idaho) 20 29 1,1-12.9 4o2-64.0 1.8-334 5,600 3,221 0.949 67
E?$elmann“89fuce 14 30 1.2-21.3  5.6-101.0 1.0-824  7.332 3.190 0.983 51
Idaho) .
Western hemlock (Idaho) 14 21  1.1-22.3 6.1-85.0  0.8-530 9,470 2.977 0.972 63
Incense cedar (Calif.) 6 14 0.8-15.5 1.8-57.0  0.3-479  2.579 3.533 0.991 45
Western rAedcedar(Idaho) 15 22 1,1-12.0 5.2-69,.0 1.8-266 5.624 3,320 0.991 30
 Western larch (Idaho) 11 32 1.0-14.8 4 .6-82.0 1.6-372 8.842 2.908 0.953 63
ALL 211 367 0.3-36.0  0.8-120.0 0.1-5780  4.087 67

BSee Nomenclature, page 95.

bBoth constants highly signlfldant at a ‘1 percent level of probability.
ECoefficient of correlation. -
ﬁStandard error of estimste,

o~
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Tahle 4«- Statistics for relation dry branchwood weight and crown length

to stem dlameter at base of cr@m

% |8 Range of . data Relation: Wy.-He = a(d,)P

Spwe. 85 Ball |Pase rom Crown  |Branchwood| Comstamtg® | Stavistical
f ${g8 | Stem length | wedght _measures
- loecation he] 5 X} dismeter = & el g 4

i A q.2 He Wab | a | b | Oy

-inches-  ---feet--— -pounds- percent
Ponderosa pime (Calif.) 13 36  0.8-30.0  2.2-99.0  0.1-5007 0.392 4.223 0.997 26
Sugar pine (Calif.) 4 11 .0.8-12.5 2ub=41.6 0.1-199 0.543 3.855  1.000 10
Lodgepole pine (Calif.} 4 12 3.8-16.0 9.2-45.6 8.0-680 0.438 4.111 0.977 46
Loblolly ping(s. Car.) 9 17 0.6-11.6 2.2-39.9 0.3-386  3.098 3.448 0.994 34
White fir (Calif.) 9 10 0.3-24.5  0.8-98,0  0.1-1255 0.809 3.782 0.999 14
Bouglas—fir (Galif..) é 13 0.6-18.5 2.1-87;@ 9.1-885 1.002 3«884 0.996 34
Engelmamn spruce (Idaho) 7 1.0-16.8  T.0-8L.0  0.6-595 3.520 3.392 0.991 36
Incense cedar (Calif.) 6 13 0.8-15.5  1.8-57.0  0.1-310 0.796 3.765 0.990 46
Western larch (Idaho) T 20 1.0-14.8  4.6-76.3  0.7-272 - 4.960 3.213 0.981 45

: ' 65 152 0.3-30.0  0.8-99.0  0,1-5007 1.146 3.782 0.991

43

“See Nomenclature, . page 95,
"C'Both ‘constants highly signifieant at a 1 percent level of probability.
aﬁeeffieient of correlation.
—Standard error of estimate.



Table 5.~ Statistics for relation dry foliage weight and crown length to

stem diesmeter -at base of crown

Range of data Relation: WaeH, = a(d,)P
Species , . e
and Base crown|  um Foliage Constants? | Svavistical
location stem length weight . measgres
* dismeter s d
a2 He Var s | P = | Sy
--inches-- ---feet--- -pounds- percent
Ponderosa pine (Calif.) 13 36 0.8-30.0 2.2-99.0  0.2-TT4 1.012 3.422 0.993 32
Sugar pine (Calif.) 4 11 0.8-12.5 2.4-41.6 0.3-86 1.301 3.090 0.997 17
Lodgepole pine (Calif,) 4L 12 3.8-16.0 Qe2-45.6 8.0-~229 1.070 3.356 0.967 A
—Loblolly pine (S. Car.) 9 17 0.6-11.6 2.2-39.9 0.7-148 6.282 2.737 0.992 30
N White fir (Calif.) 9 10  0.3-24.5  0.8-98.0  0.3-521  2.226 3.232 0.998 20
Douglas-fir (Calif.) 6 13 0.6«18.‘5‘ 2.1-87.0  0u4-21T7 2.524 3,101 0.989 45
FEngelmann spruce(Idaho) 7 20  1.2-16.8 7.0-81.0  1.0-229 - 6.310 2.922 (.986 38
Ince}‘_’lse Gedal‘ (Califn) 6 13 Ox8"1515 . 158"'5756 6;2—169 2&509 3&186 05986 4.8
Western larch (Idaho) 7 20  1.0-14.8 4 e6-T6s3 0.9-100 6.748 2.645 0.976 42
CALL 65 152  0.3-30.0  0.8-99.0  0.2-7T74  2.870 3.042 0.975 59

a&3ee Nomenclature, page 95.

~Both constants highly significant-at a 1 percemt level of probability.

‘gﬁoeffieient of correlation.
=Stendard error of estimate.



Crown Class

As often as possible young dominant trees conforming to crown
class T of Dunning (12) were selected for a given stand; however, an
adequate range in diameter classes was also a criterion for tree selec-
tion. Therefore, some individuals necessarily were smaller trees in a
stand of larger trees, and such trees should represent higher crown
classes. Analysis of plotted data for stands where this condition existed
showed that relations were applicable alike to dominant and suppressed
trees. Similarly, differences in density apparently do not cause serious
differences in the irends. The same conclusions were reached by Kittredge
(;é) and Rothacher (19) This is because normally dominant trees have
large crowns and large stem diameter base of crown, whereas overtopped
treées have small crowns and small stem diameter.

Effect of Site

The influence of site quality on the relation for crown is con-

flicting in the available data. Pondercsa pine on poor site (V) in Nevada

estimates lower than either of the two better sites (Californla, site IT,
and Idaho, site IIT). The latter two sites are significantly different
between themselves wheress the Nevada regression is similar to Idaho but
not California. Considering all three sites, the better the site the
greater the crown weight times length for diasmeters above 7 inches. (See
figure 7 and table 3) On the other hand lodgepole pine is exactly the
opposite. The equation for this species on lower site (III) im Idaho
estimates significantly higher than better site (IT) in California for all
stem diameters. lag-fir agrees with ponderosa pine in that the esqua-
tion.for lower site %III) estimates significantly lower than better site
(IT) from Califeornia for diameters above 5 inches. Two statistical testew-

-significance of the difference between regression coefficients and signif-

icance of the difference between interoeptumawere used to determine
differences between equations.

Age should have no effect on the trends except for the poor site
Nevada pondercsa pines which averaged about 160 years of age. Although
poor site Nevada trees are much older no tendency to stag-headedness was.
noticeable and they follow the progressive decrease in weight with
decrease in site exhibited by the other two ponderosa pine stands. Other
species were below 80 years old with about the same range in ages for all
stands. Burger (8) in Switzerland investigated Seotch pine and Norway
spruce from different elevations but of the same age. He found that con-

~stants are nearly the same for stands of 1300 and 6300 feet elevation

while the slopes are distinctly lower for a stand at the intermediate
elevation of 3500 feet. ZElevations correspond to site. For Norway spruces

stands at lower elevations tend to have higher slopes. Thus the effect of
site on the relation for crown appears to vary with specles and no general

statements can be made at this time.
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Figure 7.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--ponderosa pine, site II,
California: site III, Idaho; site IV-V, Nevada
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As only one . site was sampled for the other 10 speeiles, crown
- weight times length variation with site for these species remains an open
question,

Species Similarities

An attempt was made to establish similarities of the crown rela-
‘tion by genus,.speciesy site, or silvieal characteristics. This might
allow certain. gr@upings which would serve as a key to welghte of crowns
of foreign species or indigenous species not yet analyzed. Ability to
predict crown characteristics of any given comifer species is essemtial
to development of a tree breakage predictiqn system of world-wide
applicability.

Visual comparison of regression lines for the crown relations
given in figures 8 and 9 shows a marked parallélism among all species.
and sites. The trends are so similer that relations were plotted in
two arbitrary groups on separate graphs to ayoid confusion. Grand fir
estimates highest and sugar pine lowest for diameters above 8 inches.
However, . equation constants for most species were demonstrated statis-
tically to be significantly differemt from those for the aver
regréssion line caloulated by combining all species and sitesﬁ%see
table 3). Therefore it was necessary to test for differences between
relations for successive species pairs to determine species similarities
for grouping purposes. Croupings indicated and equation comstants are
presented in table 6 together with silvical characteristics for each com-
ponent specigs. Crown weight times length for an average base of crown
stem diameter of 12 inches was calculated for each group (see table 6).
Speeies analyzed for effect of site were included buf p@nder@sa pine andV
grand fir from Idsho wére omitited for lack of data. -

Comparison of the silvieal characteristics of compoment specles
in each group fails to reveal any firm basis for placing species not yet
analyzed. -For instance, tolerance doeés not appear necessarily to be cor-
related with erown weight times length, as witness group 6, table 6
which contains Douglas-fir snd lodgepole pine, nearly the extremes in
tolerance, Likewlesy botanical characteristics failed to explain listed
groups. The genus Pinus; for instance, is scatiered throughout the
groups. It seems most illogical that crown weight of lodgepole pine from
California (group 2), a slim-crowned tree and usually regsarded as a lighte
erowned, should be more nearly similar to hesvy-crowned ponderosa pine
than to lodgepole pine from Idaho (group 6). It is true, however,. that
northern-grown lodgepole pine (Idaho) is gemerally r@garéea as lighter
crowned than the same specles grown in California. Groups 7 and 8§, res-
pectively western larch snd sugar pine, agree with accepted rankings as
both are considered to have light crowns compared to other conifer,speeiesn

Neither needle length nor the number of years that naedles persist
appears to explain the indicated groupings.
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Figure 8.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--six California conifer
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Table 6.~ Statistical grouping of species together with comparative silvi

cal

characteristics, equation constants, and errors of estimete

Silvical characteristics Relation: Wy,-H,= a(d,)b
Relative Average |Average b| Statistieal .
G;gup Species | toler- |, 2 |length time Ccnstants— - measures ' wﬁ@ 1,
- ance of |5 9§ of needles; b I | (for ,
shading—|?® © |needles |persist “yx do = 12 in.)
; -inches- -years- percent~~lb,.xfft,-k

1  Western redcedar (Ida.) 3 III 1/4 3 5,168 3.309 0.971 51 19,200
Douglas-fir (Ida.) 7 I1T 1 8
Ponderosa pine (Calif.) 10 IT 8 3 s

2 Lodgepole pine gballin) 14 1T 5 7 1.130 3.911 0.995 29 18580Q

~  Engelmann spruce gTéa.) 1 ITI 1 3 I U S -

7 Western white pine(Ida.) 9 II 3 34 7460 3‘123 0.967 ’ 60 17?500

, |White fir (Caiif.) 2 II 2—1/2 7 2.700 3.514 0.997 32 16,800

Incense cedar (Calif.) 5 1T —1/8 /2  2-3
' Western hemlock (Ida.) 4 IIT  5/8 4 '

2 Loblolly pine (S. Car.) 8 II 7-1/2 3 9.762 2,997 0.984 20 16,700
Douglas-fir (Calif.) =~ 6 1T 1 8 .

6 Ponderosa pine (Nev.) - 11 v-v =~ 6 3 - 2.793 33284 0.970° 55 13,300

- Lodgepole pine (Ida.) 15 IIT 2 7

T Vestern larch (Ida.) . 13 I 1-/2 L1 man ;,798 0.953 63 11,700

& Suger pine (Calif.) 12 SIT 3-3/4 2-3  1.811 3.461 0,999 15 9,800

@Designation 1 most toleramt

(1; pp. 233-234) -

bAGth constants highly significant at a

1 percent level of probability.

- Eloefficient of correlation.

d5tandard error of estimate.
'£1/8 inch on the ultimate lateral branchlets

to 1/2 inch on leading shoots.
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As no sultable botanical or silvical basis for placing other
species is immediately apparent, crown weight times length should be
<estimat?d from the combined regression caleulated from all data (see
table 3

The relations for the crown components-~dry brenchwood and dry
foliasge~~were not anslyzed in such detall. However, comparison of rela-
tiong for each species, as shown in Appendix B, figures B~18 to B-26 and
B-27 %0 B-35 respectively, indicates marked parallelismy and reveals
-certain interesting tree characteristics, For all speeies foliage con~
tributes more to total erown welght than branchwood ‘dogs In the young tree
below three to six inches diamater, From this size o ony . hewever, branch-
“wood mekes up the greater part of total crown weight. Examination of the
foliage weight curves smong species reveals that the foliage of incense
cedar, Engelmann spruce, westéern hemlocky white fir, and to a lesser
extent, Douglas-fir comsistently forms a larger proportion of the total
crown weight than does foliage. This is comsistent with observations of
‘these shade-tolerant species which indicate thick clumps of ne@d1ES’
‘growﬁng well back on relatively thin branches.

Not only does branchwood become an increasingly gxeater sontributor
‘to total crown weight with age for all species, but for certain. species
branchwood becomes a greater relative eontributor. Two examples are Calw
ifornia pondérosa pine and leoblolly pine, Branches thicken at a rélatively
‘early age. In gemeral, folisge weights indicated tend to be more in agree-
‘ment with accepted renkings than total crown weights; however. this may be
‘due to the fact that much more work has been done on this important crown
‘comp@nent,

Pending more detailed analysisy weight of branchwood and foliage
for unfamiliar species should be estimated from the relatioms combining
all species which are given in tables 4 and 5 respectively..

Averages for Selected Cover Types

Current plans envision application of the results of this study on
a stand or cover-type basis. However, at the. present time, over 250 sepa-
rate natural forest cover types are recognized in North America along (22),
most of them composed of mope than ome species. Obviously with the limiTed
number of data availaeble from thie studys crown weight times length rela-
tiong for only a few of the more important types canm be speeified. GOt~
stants for the crown weight relations for 11 selested American coyer types
‘are given in table 7. Relations for individual species analyzed but mot
appearing in this table may be obtained from table 3. -Relations for other
multiple~species cover types composed of two or more of the speeles ana-
lyzed might be fabricated by weighting by relative abundance. -Similar
combined relations for several species may be prepared for weights of crown
components~~dry branchwood and dry foliage--by a similar procedure.
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Table T,- Constants for estimating weight of dry crown for

groupings of species and sites corresponding to

11 selected American fcrest cover typesﬁ

(southera forest)

Relation: Wge-He = a(dg)>
‘ Specles Site ‘ . - |Coefficient
Cover type composition class §ggzzi§2q of -
e e | goTTElat i0R
a__ | b
~ Ponderosa pine IT ’
, Sugar pine IT
Téﬁgfggﬁﬁ‘)w ‘Douglas-fiv CIT 2,146 3,605  0.994
' White fir IT
Incense cedar IT
"Ponderosa pine Nearly pure ‘ , A oo
(California) ‘ponderosa ping Ir  1.138 3.923 0.997
Lodgepole pine Nearly pure AAE :
(California) lodgepole pine i1 1.205 3.830 0.976
Douglag-fir Nearly pure i o EvE '
(California) Douglas-fir I 3.341 3.535 0.995
Larch, Douglas-fir Western 1archp CTII : :
(northern interior) Douglas-fir TII  8.244 3.010 0.955
Ponderosa pine, Ponderosa jpine:Q IIT
larch, Douglas-fir Western larch IIT 6.409 3.123 0.961
(northern interior) Douglas-fir - 11T :
Grand fir, larch, Grand firg, | III '
Douglas-fir Western larch IIT 6.756 3,137 0.963 -
(northern interior) Douglas-fir III
Western white pine Predominéntly weg~ . . - '
(northern interior) term white pine— I T7.450 3.064 0.939
Todgepole pine Predominantiy - - -
(northern interior) lodgepole pine’h 11T 2.987 3.627 0.975
Ponderosa pine Nearly pure e s . on
(Nevada) ponderosa pine v-v )°§43 32230 0.928
Loblolly pine Nearly pure T 9.109 3,108 0,993

loblolly pine

Asee (22).

buwestern redcedar, Fngelmann spruce, and western hemlock usually
.appear as minor elements in these types if at all.
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CONCLUSIONS

1. Equations have been.developed for estimating weight of dry ?
erown, dry branchwood, and dry foliage of individual trees of 17 comifer
specles-sites, The estimating equation is of the form WsHy = a(d )P
where (W) is weight of dry crown, branchwood, or folisge; (HG).is f@ﬁgth
of crown; and (d,) is stem diameter at base of crown.

2. The same relation for weight of crown holds for both the top
of 'a large tree and a full-crowned small tree, i.e., geometry is the
‘Hame .

'3, Variation of crown class has no e¢ffect on weight of crown
relation. .

- 4s  Contrary to popular belief, for species studied; high shade-
tolerdnce does not necessarily indicate heavy crown. Neither genus,
-nieedle length, nor the length of time needles persist furnish a clue
to relative welght of crown, '

53 Weight of crown for species mot represemted can best be
estimated from the equation ‘ ‘
de‘HG = 409 (ﬂc)B 34

6+ It is recommended that weights of crown eomponents for
species not represented can best be estimated from the equations

Wap"H, = 1.15 (dd)3‘78 for branchwood

and War*He = 2.87 (dc)3’04 for: foliage

T. Weight of crown decreases with decreasing site class for
ponderosa pine. Among pondergss pine, lodgepole plne,-and Douglas~fir
'this»ﬁfder is not consistent. Age does not appear to affect the weights.

- 8s For all conifer species the branchwood to foliage ratio
exceeds 1.0 for stem diemeters at bgse of crown greater than 5 Inches.
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APPENDIX A

~ _}—‘

PHYSICAL CHARACTERISTICS OF SAMPLE TREES.
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Table A-1.- Physlcal eharacteristlcs of sample treas~

: gffe Species | d.bh HO Age Crownh 1 H 'de | Wy, Wap | VWgr
~ineheg~ -feet- ~years- -—pereenta -feet— -inehes~ mwm—— e BOURAS — o
1 Ponderosa pine 9.0 38,3 —_— 20 TeT 3.5 13.0 6.0 T.0
40 -15.3 5.8 40.0 21.0 19.0
60 23.0 6.5 T73.0 42.0 31.0
8@ 30&7 705 llT&G 75 nG 42¢G
2 Ponderosa pine 9.5 41.3 40 20 8.2 2.8 | 10.0 4.0 6.0
‘ ’ : : 40 . '16o5 47@8 44@@ 22ch - 22'0
60 24.7 6.2 88.0 52,0 36.0
80 33.0 8.0  125.0 83.0  42.0
3 Pomnderosa pine 5.0 18.1 43 20 3.6 1.5 1.2 0.5 0.8
| | 40 7.2 2.8 7.0 3.5 3.5
10.7 3.5  15.0 8.5 6.5
80 14.3 . 4.0 22.0 13.2 8.8
4 Ponderosa pine 15.0 58.7 . 54 20 11.8 45 25.0 12,0 . 13.0
40 23.5 T+5 108.0 60.0  48.0
60 35.3 10.6 251.0 178.0 T3.0
80 470 11.5 333.0 248.0 85.0
5 Ponderosa pine 22.8 = 90.0 56 20 18.0 6.0 88.C 52.0  36.0
‘ 40 36.0 11.2  427.0  327.0 100.0
60 54..0 14.5 - 702.0 550.6 .152.0
80 72,0  16.8  809.0  642.0 167.0
‘6 Ponderosa pine 37.0 124.0 — 20 24.7 10.5 500.0 357.0 fl43LO
‘ 40 49.5 18.0 1824.0 —1475 0 <£347.0
60 The2 . 25,5 4200.0 $3569.0 %31.0
80 99.0 _ 30.0 5781.0 “5007.0 774.0

“dFor definition of Symbols See Nomenclature, page 05.
Dpercents refer to total height of tree; one third, half, etc,, refer t0 total length of crown.
SHranch and foliage weights from samples.
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Table A-1 (continued)

Tree - . B
No. Species | »dbh Hy Age Crown— | He d, Wi Wi Wap
' -inches- -feet- -years- -percent- -feet- -inches- »=-—~-7Ecundse—u----
7 Ponderosa pine - —_ — Half 1450 5.0 48.2 25.9 22.3
Full 20.0 6.8 103.0 62.8 40.2
8 Pondercsa pine _— - - Half 12.4 5.0 4lys3 23.7 20.6
Full 19.4 7.2 89.1 55.4  33.7
9 -Pondercsa pine — -— - Half 10.2 3.9 274 12,6 14.8
Full 1.6 Dads 66.1 36.1 30.0
10 Ponderosa pine - - - Full 2.4 0.8 0.4 0.1 0.3
11 Ponderosa pine - -- - Full 2.3 1.0 0.3 0.1 0.2
‘12 Pondercsa pine - - - Full 2.2 0.2 Vad 0.1 0.2
13 Ponderosa pine 20.3 92.0 199 20 18.4 6.5 126.0 S97.0 29.0
40 36.8 10.8 482.0 —395 0 ~=87.0
60 55.2 14.0 653.0 £544.0 <£109.0
14 Ponderosa pine 6.5 -- - One third T«9 2.1 T.2 - -
Two thirds 15.8 4el 31.6 - -
Full 23.8 5.4 4244 _— -
15 Ponderosa pine 20.0 - - One third 19.0 T2 141.2 —_— -
Two thirds 38.0 13.0 382.2 - -
Full 5710 15'1 589«7 bl —
‘16 Ponderosa pine 2.5 - —~  One third 3.4 1.4 1.5 - -
Two thirds 6.8 2.3 5.6 —-— —
17 Ponderosa pine - 37.5 9% 86 32.8 10.0 153.9 -— -
18 Ponderosa pine —— 63.3 195 75 4T.6 10.9 115.1 - -
19 Ponderosa pine - 35.3 141 80 28,7 6.9 - 87.8 - -
20 Ponderosa pine - 52.8 167 59 31.6 8.8 148.8 -_— -

BPercents refer to total height of itree; one third, half, etcay Tefer to total length of crown.
LBranch and foliage weights from samples.



Table A-1 (eomtinued)

Tres

gpn

Hy

g

H,

4,

‘waﬁ

Wap | Var

21
22
23
24
25

26

27,

. 28
29
30
31
»
33
34
35
36
37
38
15

41

oY

Specles

Ponderosa pine

} Ponderosa pine

Péﬁﬁeers piﬂé
Ponderosa pine

- Ponderosa pine

Pondercsa pine
Pondercsa pine
P@ﬁﬁercsa'pine
Ponderosa ping
Ponderosa pine
Ponderosa pine
Ponderosa ping
Ponderosa pine
Ponderosa ping

Ponderosa pime

Ponderosa pine
Ponderosa pine
Ponderosa pine

Ponderosa pine

Ponderosa pine

Ponderosa ping

“irches- ~fest- -years- -percent- -fest- -Inches-

39.1

66.5

55.3
5445
32.3
32.6
55.2
36.9

418
454
485
435

55.8
58.1
60.0
53.0
58.0
396
57.1

5646

50.8

169

S 117
U6

176
133

T4
153
136
164
181
225
139
168
167
150

183

167
160

172

158

139

73
70
TL
38
6
87
70
72
0
&8
76
72
69
T4
67
54
,45
54
65
73

82

28.9
470
39.6
211
23,1
28.8
390

26.9

29.2
20,7
370
EA)
38,7

4249

40.0
28,7
26.3
315

372

41.5

41.8

FGul
11.3
9.5
5.8
5.6
TsT
10,5
8.4

- 9s4

9.0
8.6
7.2
12,1
10.4
2.5
Ts6
9.2
TT
10.0
18.2
IQég

gy i 28

154..6
3284
205.0
72.6
32.9
5540
181,3

1424

9.8
131.0
83.1
307
315.9
14506

'1ﬁ§@§

83.2
134.5
87.0
188.0
138.4

et

B aad

=

" DPercents refer to total height of tree; ome third, half, ete., refer to total lemgth of crown.



Table A-1 {continued)

Tree
No.

— ‘ T T % - ,
v Specles , dn i, Age Crown— He 4 Y3e Wap | Var

42
43
4h
45
46
47
48
49
50

51

52

53

54
55
56
57
58

CTY

-Inches- -feet- -years- -percent- -feet- -iNCHeS~ ==ew--~DOUNAS-==—mnn
Ponderosa pine - 59.5 142 8L 481 12.3  325.1 — -
Pondercsa pine -~ 50,1 181 . 60 29.8 7.9 7129 - -~
Ponderosa pine --  34.2 140 40 13.6 5.2 80.0 - -
Pondeross pine — 276 70 60 17T.4 6.3  83.0 - -
Pc,m&"eresa_ pine = 35.9 92 80 29.2 9.0 2000 = ~- -
Ponderosa pine -~ 246 190 30 7.6 51 60,0 — .
Paﬁﬁerosa pine - 34,2 70 50 17.2 6.7 86,0 . ——
Prmﬁerosa plne - »36#6 97 60 22.5 8.5 157.0 - -
Ponderosa pine -~ 279 83 B0 24,0 9.1 145.0 == “

Ponderosa pine - 31.0 127 40 13.0 5.9  44.0 — em

Ponderosa pine -- 38,9 156 60 24.0 7.0 90.0 - -
Ponderosa pine — 38,2 8 50 19.3 6.4 60.0 — -
Ponderosa pine -~ 326 87 50 16.8 5.0  23.0 - -
Ponderosa pine - 28,3 100 50 L2 46 960 . -
Ponderosa pine -~ 33.1 157 50 16.8 6.2 62,0 e -
Ponderosa pine - 36,0 167 6 216 6.9  90.0 . e
Ponﬁerosa pine - 33*-3 85 80 - 26.4 84 : 1?@%0 , e -

‘Ponderosa pine - %A 1B 40 136 48 650 -

Sugar pine 11.0  45.0 i - 20 9.0 3.2 11.1 5.6 5.6
REEE ' : - Full 15.7 5.4 33.1 22,0 11.1
40 16.8 5,5 33.1  22.0 11
60 25.8 7.5 T5.2 £50.8 244
80 4.8 9.0 97.4 68,5 28,9

R

DPercents refer to total height of tree, one. thlrd, helf, etct, refer to total length of crown.

‘cBi:“anch ‘and fal:.age Weights from samgles.‘

H : H

v
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Teble A-l (@@Eﬁiﬂngé}

Tree
Nos

Species

dpp

- Age

Ay

de

Yae

61

Sugar pme

622 sugar pine

63

64

65

67

68
69

71
72
73

- Sugar pine

wtastem white pine
Western white pine
Western white pine
Western white pine

Western white pine
Western white pine

Western white pine
‘Western white pine
‘Western white pine

Western white pine
Western white piz:te

" ~Inches- -fect~ -years-

percent-

—feel- ~inches~

175

19.0

106

2.2

1401
15.5
15.3
4.7
145
15.1
12.8

52.0

e

-

|

26
40
&0
Half
Full
Full
One third
Two thirds
Fall
One third
Two thirds
. Full

third
’fm thirds
Fﬁll

Ope third
Twa thirds

i
Full
Fyll
Full
Fall

Fall

Full

10.4
20.8
31,2
41.6

9.0
15.7

ed

18.3
36.6
. 55 «Q
32,1

6432
-96.3

21.3
42.6
639

41
8;’2

T30
71.0
62,0
59.0
46,0

52.0

64.0

3.8
7.2
10,0

12.5

3.2

Seh

0.8
2.8
5.1
6@4
6.1

10.5

12.5

304
4.0
8.2

1.1
1.7

92

11.1

9.0

9.1
8.0

8.3
‘gié

| 14,0
100.0
213.0

285,0

33.1
Q.4
10.2
30.5
41.5

T0.5
214 .1
3 13 w@

92,2
62.7
111.6

1.0
e
I
168.5
99,5
90,2
93.3
§2¢3

"éﬁsl

QE@@

5,6
22.0

Jel

35,9
69.0
86.0

5.6
11.1

043

D e
e

g

“ i’@ere;«ams Tefer to LOGAL h@ight
1-~Bram3h and foliage weights from samples.
_.‘ITeae Hm 62 1z top @f and integrated imto Tree No, 607 20 equals half.

af tree* ong ﬁhlfﬂ, half} etC.y Terer to

tttal length.@f araﬂﬁg



Table A-1 {continued)

,nge Species Cdpn | B, | Ase orowe® | By |, | Wao | Mgy | Vge
) -incheg- ~feet- -years- -percent- -feet- -inchef- s—w————poUndS—www=o=
75 Western white pine  13.7 - - Full 66,0 10.3  115.9 - —
76 Western white pine  19.1 -— - Full 61.3 11.3 103.6 - -
77 Western white pine  13.6 - — Full  T4.0 11,1 198.5 -_— —
78 Western white pine 13.4 - - Full 63.0 8.3 124 .6 - -
79 Western white pine 93.0 - - Full 54.0 T2 4G6.0 - —
80 Vestern white pine  16.4 - - Fyll 65.0  12.3 145:6 - -
81 Vestern white pine 12.0 - — Full 72,0 Dok 93,5 - -
82 Western white pine  14.0 - i Fl  81.0 105 175.4 - -
83 Western white pine @ 12.0 e - Fall 70.0 TS 92.0 - -
84 Western white pine  12.5 -— -- Full 65.0 6.6 54,.9 - -
85 Western white pime 12.4 - - Full 75.0 T-T T9.0 -— -
86 Western white pine 18.2 - - Full 84.0 12.2 2610 - -—
87 Western white pine 4.2 L - Fail 740 10.4 113.8 — -—
88 Western white pine 145 - - Full T4<0 1.1 1574 - -
82 Western white pine 18.1 - —-— Full 84 .0 10.7 266.2 - -
90 Western white pine 15.3 - — Full 61.0 T3 1774 - -
91 Western white pime  22.6 .- - Full 102,80  17.6  430.2 _— —
92 Western white pime 18.6 — - Full 71.0 11.6 187.2 e -—
93 Western white pime  12.0 - -t Full 55.0 8.2 69.2 - -

Dpercents refer to total height of

“tree; one third, half, etc., refer to tobal length of Growi.

Y
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Table A-1 (continued)

SBranch and foliage weights from samples.
‘eTree Ho, 97 is top of and integrated imto Tree Nos. 9%

Tree ' ' b , ‘ , .
CNe. | Species dyy Hy Age 7 Crowd H, da Wie Wap rwd f
' ~1nyhes— -feet- -years— -pereent- -feet- -inches- vmﬂu—_aquLﬁﬁﬁ— ﬂﬂﬂﬂﬂﬂ
94 Lodgepole pine 10,8 46.0 - 20 9.2 4.2 16.0 8.0 8.0
' Half 11.9 4«2 17.6 8.3 Geb
Full 16«9 ‘54 4268 2‘!}»8 18 60
40 18.4 5.8 64 .0 o3240 24,9
60 27.6 9.0 1340 *92»1 41.8
80 36.8 9.2  192.0 <£136.6 55.1
95 Lodgepole pine 17.8  57.0 52 20 11.4 402 52,0 26,0 26,0
o .. » 4@ 22;8 8{13 244!6 l5§«»@ 8890
66 3‘4 vg 12¢.l 61G¢© V 4-44 90 166:0
80 - 45.6 16.0 909.0  680.0 229.0
96 Lodgepole pine - - - Half 10.1 3.8 22.5 13.7 8.8
- Full 17.1 6.0 58.2 16.2  16.2
97 Lodgepole pine - . - Half 11.9 4o2 176 8.3 9edy
: Full 16.9 5l 4240 24.8 18.0
98 Lodgepole pine 13.7 —— - One third 10.2 3.1 275 — _—
A . ‘Eﬁfo thirds 20&4 Eﬁ 0_2 894G ——— =
Full 30.6 8.5 184.8 — -
99 Lodgepole pine 10.6 - - One third 9.2 2.8 6.5 - -
TWQ thirds 18 5,5 5 oé 4790 hadiad e
Full 27.8 6.4 92.8 - e
100 Lodgepole pine 11.5 - -- One third 547 3.5 36.0 — _—
‘ , Two thirds 11.4 4ol 84.7 — —
, Full 17.2 5.4 1200 - .
101 Lodgepole pine 10.8 - --  One third 6.0 2.9  32.0 - -
- o | | Two thirds 12.0 4.4 648 - e
, Full 18.0- 5.1 90.6 o -
-Pereents refer to total ‘height of tree, one thlré, half, eten, refer to t@tal length.af crown,
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Table A-1 (continued)

163

B H
Treea - . U - . . . ' .
Mo, Spacies Age Crown= | B, d,, Wy W War
=¥earfe  «pereent- <fefhe =Inchéde cosemoroDOUldesoce—=
102 ILodgepcle pine RE Onz third 8. 2.6 2060 e -
Twa thirds 17. 5.5 88,7 - --
Fall 25 6.6 102.% - -

-]
WG 00 OV R

Lodgepole pine 13.5 - e One third 8. 3.1 21,0 - .
Twe thirds 17. 506 954 - -
F'LI.I,}. 26c 65 C} 125 ctfff- = b
Lodgepole pine 2.9 = - One third bob 1.3 1.2 - -
Two thirds 9.3 1.5 4ol == -
Loblolly pine bo L0, 19 <l 8.4 1.8 %, 2.5 4.5
40 18.8 206 14.1 5,7 Tode
Loblolly pine 20,3 6.6 &5 20 210 Tl 156,.6 %iéiab 55,1
40 39,9 11.6 534.1  =386.2  147.9
3 T & 7 i ks
Loblolly pine 15.2 723 2 5 17.0 5ed 110.6  T66.6 4 o0
48 309 GG 258.9 T 263.5 954
?:, 37&2:’ 1@08 é:ﬂgog %gaf%c(? 1@705
. . - . . 2. -
Loblolly pins 11.4 Thod 25 &f 18.2 4o 694 k1029 31.3
35 26.2 6.8 134.4 T8I 52,7

- e - - - oy g - £

Loblolily pipe i34 73,5 31 -

50 147

.
v}
0
2

)

Loblolly pine 1.5 11.5 i2 20

<]
a

o

i
a
s 3 S S SN
o, )
o sn o &
bt b D O AR
@
R R e g e

]

111 Loblolly pine 10.8 64 .9 e Full 21.3 5.1 5% .4, 37.8 Z1.6
112 Loblolly pine 8.0 A4 — Fall 18.1 4o 63 .8 41.5 =
113 Loblolly pine 8.2 T2 ods o= Full 17.3 4.8 67 o4 4163 26,1

bPercents refer to total height of tree; one third; hglf, etc., refer to total length of crown.

SEBranch and foliage weights from samples. ;
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Table A-1 (continued)

Fre e ' v -

~ }éf Species dbh Eo Age Gﬁz’,ﬁmg} H, | d, B LEP de waf

-inches- -feet~ -years- -percent- -feet- ~1RChES=  m—ee e~ POUNAS e e
114 White fir 30,0 122.5 68 20 25,5 7.2 128.4 64.3  64.1
4@ Agg - M @.G é nv,@ 4240@ 256@@
é‘ 73 5 2@02 1289 W, ¥8TTGG 41250
80 98.0  24.5 1776.0 %255 0 521.0
115 White fir 17.7 82,0 39 16.4 448 374 22.6
40 32.8 9.0 1860 %7.;2 88,8
60 49.2 12,2 390.0 “<207.0 162.7
80 65.6  14.2  57L.0  ©349.0 222.0
116 White fir -— _— - Half 12.0 3.8 26,5 9.3  17.2
: ' ‘ Full 17.0 5,2 50.8 20.7  30.1
117 White fir - e - Half 10.5 4e2 32,3 12.4  19.9
Full 15.4 5.5 69.6 31.1 38.5
118 White fir - - . Full 1.6 0.7 0.6 0.2 0.4
119 White fir - -— - Full 1.9 0.7 Cud 0.1 0.3
120 White fir o — o Full 2.3 0.8 0.6 ~ —
121 Wh.i-ﬁe fir it = - One thl_kd 3«8 Q&B‘ G&i ek e
' Two thirds 1.5 0x6 0.2 s —
Full 242 .7 Dad — -
122 White fir - - - Full 46 1.6 3.0 — —
123 Grand fir 247 - -~ Ome third 40.0 11.0  449.5 -~ —
‘ Two thirds 80.0 13.4 92645 - -
Fyll  120.0 18.3 1054.6 — -
124. Graﬂﬂ fil‘ 233 b Ratient ‘e thil‘d 3:@? lﬁ.g loﬁ Eiad -
' Two thirds 7.9 1.9 43 - .
125 Grand fir 6.2 - - One third 1l.1 2.1 6.2 — s
T’&é:i thlrds 22»2 4442 5392 e B

TPercents refer to ot uﬁl height of tree; one thir’é, halfy etc.y refer %é total
«-Bramh and foliage weights from samples.

Tength of crown.
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Table A-1 (contimued)

g’i& ~ Species | Gy | B, | e cmmb’ | =, do | Wgo | Vg | War
uiz?cx;esﬂ mfeet- t-year& ~percent- Asf[ee'i;u ~inches— —-=-——-poUndg——————-

126 Douglas-fir 12.5  63.5 62 2 128 5.0 2.0 15.0 9.0
| 40 25.5 7.0 107.0. #72.0  35.0
60 38.2 9.5  256.0 *183.0 73.0

80 51,0 . 10.5 355.0 <2595.0  96.0 -
127 Dougles-fir 11,0 18,8 91 20 21.8 5.8  80.0  48.0  32.0
' o ‘ S ) 40 435 11,0 370.0 271.0 92.0
60 65.2 16,0 933.0 <710 192.0
80 87.0 18.5 1102.0 “885.0 217.0
. 128 BG?}glasvfir | e L ks Half 11;;8 3.:1 16;.4 ?.@Q 8;;9
B :E‘\ﬁ.ll 17;1 4»4 1:?406 21&5 ﬁEn}_
129 Douglas-fir - - - Half 11.2 2.8 106 4.4 6.2
‘ - ) Ml 15.2 358 2?;9 lgﬁa 15@1
130 Douglas-fir - . Full 0 2.1 0.6 [: A 0.1 04
131 Bg‘ag]_asﬁf ir‘ ' s mm e Fﬁll E‘fgl @of) @ag e R
132 Douglas-fir 6.0 s w-  Ome third 9.5 1.9 7.8 — —
Two thirds 19.0 40 436l - —
T Fuli 28,6 hoT 60.5 - -—
133 Douglas-fir 2.6 - -~ Onme third 4.2 1.1 1.8 - -
" o  Two thirds 8.4 1.9 41 - -
134 Douglas-fir 17.8 - =~ Ome third 18,3 5.5  T3.0 - —
R :  Two thirde 36.6 9.0 217.8 - —
T Full 55,0 11.0  318.8 _— —
135 Douglas-fir /18.8 — -~  Ope third 18,0 6.0  75.0 — —
' » ‘ W@tlﬁréﬁ 36@6 998 189»3 L =
, Rl 54.0 11,9 334.2 o -—
‘136 Douglas-fir 14o5 - - Full 4ko0 9.2  139.0 . -

LBPercents refer tko @“Eal he»lght of tree 3 sne thn*d, hqlf 5 E‘tcg y.refer to total length of c:rm«n:ur
SBranch and foliage meights from sam;;lés. V
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Table A-1 (contimued)

gf SpeciEs 'dbh ga Age {‘}rﬁmg% Hﬁ dc B Wg{g 7 ng W§_f

' -inches~ -feet- -years- -percenmt~ -feet- -inches- ~ew=w—wPOUNAS—ww—m—m
137 Douglas-fir 21.6  -- - Fall  60.0 12,7 34T.8 — —
138  Douglas-fir 4.1 - - Full 53.0 9.4 167.2 - —
139 Douglas-fir 1647 - - Full 53,0  10.2  191.8 — —
140 Dougles-fir 16.7 - - Full 50.0 9.4  249.5 — —
141  Douglas-fir 15.0 -~ — Fill 64,0  10.5  198.4 — -—
142 Douglas-fir 12.3 - — Full 56,0 8.8  185.7 o -
143 Dougles-fir 18.9 - - CFull 46,0 10,9 2111 - e
144 Douglas-fir 17.0 - - Full 62,0  11.5  238.3 — de
5  Douglas-fir 15.9 - - Full 54,0  10.6  263.2 - P
146 Douglas-fir 21,7 - - Fall  47.0  10.7  234.8 - —
147 Douglas-fir 179 o - Full 48,0  10.0  177.4 - -
148 Douglas-fir 15.3 - - Full b0 9.1  147.8 e -
149 DPouglas-fir 16.2 - — Fyll 41,0 A 167.2 — ——
150  Douglas-fir 19.6 o . Full 48,0 12,9  309.2 _— —
151 Douglas-fir 132 - - One third 12.5 4ol LTe2 — -
Two thirds 25.0 6.6  149.4 o —
Fall  37.6 8.5  220.8 - -
152 Engelmenn spruce 3.1 -— e One third 5.6 Lad 1.0 ——r -
, ' Two thirds 11,2 2.2 4eB e e
153  Engelmamn spruce 6.4 a= -=  Ome third 7.7 1.8 742 > -
Two thirds 15.5 5.7 b v6 — -
Full 23.3 bod 104.8 e —
154 _ Engelmann spruce 18.6 w e Full 65.0 15,2  519.5 - e

“EPercents refer to total height

of tree; one thiré’ half, ete.y refefr to tmal leﬂgth of erown.
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Table A-1 {continued)

Tree

Species

®
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“Percents refer to total height of tree; one third, half, etc., refer to total length of crown,
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Table A-1 (continued) o , , ,
Iree Specles Crowe® | H q W W W
HQ‘ P 165 E | dbh | I{O Age : IOWR— e e ’ de db ar
-inches- -feet- -years- -~percemt- -feet- -inches- .-n~~--~§eunds--—- ----
167 Western hemlock 3.0 - -~  One third 6.1 1.1 0.8 - --
Two thirds 12.2 2.0 4.6 -— =
TWQ thirds . 45 5 754 1&5 0 ——— .
Full 73.0 9.1  273.7 - —
169 Western hemlock 20.0 —— - One third 21.6 5.0 52.0 — -
Two thirds 43,3 10,9  304.2 -- -~
Full 65,0 13.8 4416 o i
170 Western hemlock 13.0 — -— Full 470 9.4  170.9 - e
171  VWestern hemlock 12.9 — — Full T4 <0 11.0 250.5 — e
172 Western hemlock 12.1 -- - Full 54,0 9.3 164.6 - -
173 Westfwﬁ hemlock 20,0 o - Full 65.0 14..3 338.0 ———— -
‘174  Western hemlock 13.9 - - Full 67.0 11.8  232.0 - —
’ 175 WEStem hemlﬂﬂk 2108 b - Ml . 6750 16@3 465 ¢5 s -
176 VWestern hemlock 16.2 —— —— Full 69.0 13.3 ‘37142 e .
177  Western hemlock 26.7 — —— Full 85.0 22,3 530.0 — —
178  Western hemlock 25,9 - - Full 59.0  20.0  481.0 - —
179  Western hemlock 2449 - - Full 66.0 19.6 450.3 — -
180  Incense cedar 13,0 51.0 56 20 10.3 2.8 13.2 402 9.0
‘ 40 20.6 5.4 62,6  S27.8  34.9
60 30,8 8.5 137.2 3-971.,8 655
80 41.0 10.0 235.0 -~133.3 101.8
181 ID,GEI‘SE Geda.r E‘?fpa 71 ;sg . 53 2@ M ,='z2 3 o 5 33 93 12 35 2@38
40 28.5 7.8 110.8 56,0  54.8
60 42.8 11.2 292.0 -174 g 117.6
80 5740 15.5 479.0 LE310.0 169.0

DPercents refer to total height of tree, one thirdy half, etc., refer %o total length of crown.
LBranch and follage"weights from samples,
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Table A-1 (continued)

i%fe‘ Species di)h H, Age ’Crownb, | Hg, + ‘ Adﬁ | Wae Wap ‘wdf

' -inches- -feeb- -years- -percemt- -feet- -inches~ —————m- pounds—+-—-- -
182 Incems¢ cedar - - = Half 8.y =22 9.5 3.5 6.0
| : Fall 141 3.6 2.1 9.9  11.2
183 Incemse cedar — - -— Half 9.8 3.6 20.8 7.7 13.1
Foll 163 6.2 6.3 25,  35.9
18, TIncense cedsr - — -- Full 1.8 0.8 0.3 0.1 0.2
185 Incense cedar - - - Full 2.4 0.9 G.5 - -
‘ ‘ - Two thirds 36.6 6.9 100.7 - —
-  Full 55.0 8.1 379.4 - —
187 Western redcedar 18.8 —_ —_ Doe third 19.3 4.9 64.8 - -
' Two thirds 38.6 8.5 i F AoV A —_— -
© Full  58.0 11.0  265.9 -- --
188  Western redcedar 3.1 -~ =-  One thira 5.2 1.1 1.8 -- -
, | , Two thirds 10.4 2.0 5.9 -- -
189 Western redcedar 6.3 - --  “Ome third 7.1 2.3 7.5 - -
- " ‘ Two thirds 14.2 3.9 31.1 - -
190" Western redcedar 13.1 - - Full ©  63.0 9.2 246.0 - -
191  VWestern redcedar 17.1 - - Full 60.0 12.0 217.3 - -
192 Western redcedar 12.0 - - Full 56.0 8.8 187.6 - e
193 Western redcedar 9.8 - - Full 440 7.2 103.6 - -
194  Western redcedar 12.4 -— - Full 51.0 8.7 159.0 - -
195 TWestern redcedar  13.3 - -- S Full 52.0 10.6 182.6 - _—
196 Western redcedar 11.6 - - Full  55.0 8.4 124.6 - _—
197 Western redcedar 14.4 — - Full  65.0  1D.1 7.8 - —
' Dpercents refer to %otal height of iree; ome third, half, ete., Tefer to total length of crown.



A2

Table A-1 (comtinued)

Tree . R B o . '
No. Spectes | dy | By | fee | Orow | H | do | Vo | Vo | Var
-inches- -feel- -years- -percent- -feet- -inches- w==re--pOUBES———w——

198 Western redeedar 14 .6 — — Full 6540 9,0  237.6 — -
199  Western redoedar  15.7 - o Full 60.0 11,0  238.3 - e
200 Western redeedar 16.0 - - Full 69,0 10.6 195.Q — -
201 Western lareh 20,1 - - Ome third 27.3 6,1 5745 e e
Two thivds 54.6 11.5 205.7 — -
CFull  82.0 - 14.8  255.2 e -
202 Western larch 14.0 e —=  Ome third 16.6 6.0 50.0 - -
' Two thirds 33.3 8.9 108.5 — -
Full 50.0 9.9  162.7 - —
283 Western larch -10,0 = — One third 15.0 4e5 125 - N
, Two thirds 30.0 6.9 25.3 - —
Fall  45.0 8.0 32.7 - -
2&4 Westefﬂ larch . 1255 adad e @ﬁe 'thil‘ﬁ 13&3 Eaé 1»850 = ==
Two thirds £6.6 6.5 41,0 — -
Full =~ 40.0 7.8 68.4, - —
205 Western larch T-T  46.8 34  Ope third 10.0 2.2 6.7 3.0 3.7
T,W’G thil’ds c@ 3@1 25;9 131;5 12:04
Full 30.0 5.8 £6+9 275 19.4
206  Western larch 2.2 14 .0 22 Half 4 a6 1.0 1.6 0.7 0.9
) Full 9.2 1.8 42 2.2 2.0
207 Western larch 25.8 135.6 200 One third 23.8 6.3 60.2 342  26.0
TWO thiﬁg 47&5 91&4 18562 126:6 58&6
Full TLe2  14.8  372.2  272.5  99.7
208 Western lareh 12.3  86.0 86  Opne third 12.7 246 23,1 15.2 T+9
' Two thirds 25.3 4ok 46:3 30.4 15.9
‘ ) | o 3 _Fudl 38.0 __Ts4 6663 424 23.9
Bpercents refer to total height of tree; ome third, half, ete., refer to total length of crown.
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Table A-1 {continued)

g;g?e Species | dph - HQ_ ’ rAge ,, —Growrfb‘ Hy de - Wie LA War
-inches~- -feet- -years- -percent- -feet- -inches- ----- = = DOUAAS = = m
209 Western larch 26.2 127.9 216 One third 25.4 5¢5 63.5 52.2 11.3
Full 76.3  14.4  338.8 2647 T4.1
210 Western larch 5.7  4l<5 30 One third 10.4 1.8 5.7 2.5 3.2
: ‘ Two thirds 20.8 2.8 17.8 8.8 2.0
, Full 31.7 3.8 29.9 = 16.2  13.7
211  Western larch 11.9 88.5 93 Cne third 15.5 3.0 25.6  17.8 7.8
: Two thirds 31.0 LeT . 5l.4 36.3 15.1
Full 46.5 5.7  T6.2 52.4  23.8

3

4
C-h
e}
e
(]
o
o
ford

b ' y . o e T - 3 . o :
“Percents refer to total height of tree; one third; halfl, etc., refe: L Zength of crowne

f
;






- APPENDIX B

RELATIONS BETWEEN DRY WEIGHT OF CROWN .
(AS WELL AS COMPONENTS DRY BRANCHWOOD AND DRY FOLIAGE),
CROWN LENGTH, AND STEM DIAMETER

f‘igures B-1 to B-17, crownj figures B-18 to B 25, branchw:od; and
figures B-26 to B-35, foliage.
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IR /.
Ponderosa  Pine — California A
(Pinus ponderosa)
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Figure B-l.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--ponderosa pine (California)
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10 l
= Ponderosa Pine-ldaho
‘: o* (Pinus ponderosa)
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Figure B-2.--Relations between dry crovn weight, length, and base of
crown stem diameter inside bark--ponderosa pine (Idaho)
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107
T Ponderosa Pine - Nevada
ho (Pinus ponderosa)
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Figure B-3.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--ponderosa pine (Nevada)
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ID(’ » i
Sugar Pine - California
(Pinus lombertiana) '
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Figure B-4.--Relations between dry crown weight, length, and base of
erown stem diameter inside bark--sugar pine (California)
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Wy H, = WEIGHT OF DRY CROWN x CROWN LENGTH (LBxFT)

Western White Pine -ldaho

(Pinus monticola)
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Wy H, = 7.45(d, )"“

4 6 8 10 20 40 60 80 100

d. = DIAMETER AT BASE OF CROWN (IN)

Figure B-5.--Relations between dry crown weight, length, and base of
. crown stem diameter inside bark--western white pine (Idaho)
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Lodgepole Pine - California
( Pinus contorta)
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Figure B-6.--Relations between dry crown weight, length, and bage of.
crown stem diameter inside bark--lodgepole pine (California)
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c

d_ = DIAMETER AT BASE OF GROWN (N)

10
- Lodgepole Pine -1daho
- (Pinus contorta)
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Figure B-T7.--Relations between dry crowh weight, length, and base of
crown stem diameter inside bark--lodgepcle pine (Idaho)
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T ]
| Loblolly Pine - S, Carolina
(Pinus toeda)

Wgc He = WEIGHT OF DRY CROWN x CROWN LENGTH (LBxFT)
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0.2 04 08 12 16 2 4 8 12 16 20

dc = DIAMETER AT BASE OF CROWN (IN)
Figure B-8.--Relations between dry crown weight, length, and base

of crown stem diameter inside bark--loblolly pine (S.
Carolina)
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White Fir - California o/
. (Abies concolor) /
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Figure B-9.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--white fir (California)

64



10
- Grond Fir - Idaho
w s| (Abies grandis)
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Figure B-10.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--grand fir (Idaho)
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WEIGHT OF DRY CROWN x CROWN LENGTH(LBxFT)

Wdc He

Figure B-1ll.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--Douglas-fir (California)

Douglas-fir— California
; (Pseudotsuga taxifolia)
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Douglas-fir - ldaho
(Pseudotsuga taxifolia)
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Figure B-12.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--Douglas-fir (Idaho)
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5 (Picea engelmannii)

Engelmann Spruce - Idaho /
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OF DRY CROWN x CROWN LENGTH (LBxFT)
o

! 2 4 6 8 10 20 40 60 80100

d. = DIAMETER AT BASE OF GROWN (IN)

Figure B-13.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--Engelmann spruce (Idaho)
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Western Hemlock - Idaho

0® | (Tsuga heterophylla)
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Figure B-14.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--western hemlock (Idaho)
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Incense Cedar - Galifornia %
(Libocedrus decurrens) o
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Figure B-15.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--incense cedar (California)
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e Western Redcedar - Idaho
08 (Thuja plicata)
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Figure B-16.--Relations between dry crown weight, length, and base of
crown stem diameter inside bark--western redcedar (Idaho)
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Western Larch - Idaho
5 (Larix occidentalis)

CROWN LENGTH (LB xFT)
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Figure B-17.--Relations between dry crown weight, length, and base of
- crown stem diameter inside bark--western larch (Idaho)
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. Ponderosa Pine - California ©
- (Pinus ponderosa)

05 4
x o
m '
- /°
- ©
of
2 104 OQ
&
3 o
> /
3 &
& 0Q
o 0o°
* 103 00
o /
o
S
5 o/,
z o
é 102 o
o©
N o
@ o
(o] ,O
w
S /
(. 10|
T
o
w
3 4.22
! /——deHc= 0.39 (do)
o (o]
L
h*J
3 /

o®
/
10~
04 08 16 24 32 4 8 6 24 32 40

dc= DIAMETER AT BASE OF GROWN (IN)

Figure B-18.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside

bark--ponderosa pine (California)
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Figure B-19.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside
bark--sugar pine (California)
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Figure B-20.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside
bark--lodgepole pine (California)
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Figure B-2l1.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside
bark--loblolly pine (S. Carolina)
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Figure B-22.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside

bark--white fir (California)
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Figure B-23.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside

bark--Douglas-fir (California)
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Figure B-24.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside

bark--Engelmann spruce (Idaho)
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Figure B-25.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside
bark--incense cedar (California)
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Figure B-26.--Relations between dry branchwood weight, crown
length, and base of crown stem diameter inside

bark--western larch (Idaho)
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dc= DIAMETER AT BASE OF CROWN (IN)

Figure B-27.--Relations between dry foliage weight, crown
length, and base of crown stem diameter inside
bark--ponderosa pine (California)
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Wg¢ He = WEIGHT OF DRY FOLIAGE x CROWN LENGTH (LB x FT)
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Figure B-28.--Relations between dry foliage weight, crown
length, and base of crown stem diameter inside
bark--sugar pine (California)
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Figure B-29.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--lodgepole pine (California)
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Figure B-30.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--loblolly pine (S. Carolina)
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Figure B-3l.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--white fir (California)
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Flgure B-32.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--Douglas-fir (California)
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Figure B-33.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--Engelmann spruce (Idaho)
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Figure B-34.--Relations between dry follage weight, crown
length, and base of crown stem diameter
inside bark--incense cedar (California)
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Figure B-35.--Relations between dry foliage weight, crown
length, and base of crown stem diameter
inside bark--western larch (Idaho)
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NOMENCLATURE

a = Constant in regression equations

b = Regression coefficient in regression equations

bh = Breast height, which is 4.5 feet above ground
Crown = Length of crown over total height of tree, percent

dy, = Stem diameter at 5 feet above ground level, inches

d, = Stem diameter at base of crown inside bark, inches

dy, = Stem diameter outside bark at breast height, inches

= Height of tree above breast height; feet

fus]
(== B
b
it lt

. Total height of tree from the heginning of the current
year's growth at the tip to 1 foot above ground; feet

.=
e}
(]

Length of crown from tip of tree to base of orown, feet

= Weight of dry crown, pounds

o
(]
L]

Weight of dry branchwood, pounds

= =
j=1
5 &
] K

Weight of dry foliage, pounds
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