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I. Introduction

This report contains the results of & comprehensive
analysis of mensurational relationships among major coni-
ferous species in the MNerth Ccast Region of California.
These species are redwoods, Douglas fir, and other white-
woods (lowland white fir, sitka spruce, and western hem-
lock). This 1latter group, hereafter referred to as white-
woods, was treated as a composite due to data limitations
and the relatively minor importance these species have in
commercial forest management in the region.

This analysis was performed on a large data set thought
to be representative of the kinds of conifers typical to the
erop components of young grewth stands being managed in  the
region. In other words, old growth and severely suppressed
trees and trees with broken or deformed tops or other abnor-
malities were purposely excluded from consideration. The
volume component of this study is based on gross scale with
ne allowance for defect or breakage other than merchantatle
top specifications.

As a preliminary caution, it should be emphasized that
the relationships presented in this report are intended to
be representative of broad regional conditions. Local tests
of reliability should be made before general usage.

Although most of this paper presumes that English units
are being used, metric conversion factors are also given so

that these results can be easily converted when the need
arises,

II. Varizble Definitions

The following is a list of wvariables and definitions
that are used consistently throughout this report. They are
presented here for quick reference and to alleviate the need
of continuous repetition of variabtle definition.

DBH Diameter outside bark 4.5 feet above the ground on
the uphill side of the tree in inches.

dbh Diameter inside bark 4.5 feet above the ground on
the uphill side of the tree in inches.

E. Diameter outside bark in inches at a point "i" on
the tree bole.

d. Ciameter inside bark in inches at a point "i" on
the tree bole,.

h . Distance in feet from the ground to a point "i" on
the tree bole.



br bark ratio at breast height (4.5 feet)
dbh = b_(DEBH)
r
GF Girrards form c¢lass (GF = d./DRBH ¥ 100 where d. is
evaluated at 17.3 feet.) '
DIA. General diameter term -- definition depends on the
* context.
H General measure of tree height in feet.
Ht Total tree height in feet.
Hm Height to the merchantable top in feet.
Hl Height to the merchantable top in units of 16.3

feet (log height).

S Stump height in feet,

dS diameter inside bark at the stump.
Ds diameter ocutside bark at the stump.
exp(X) 2.7128 raised to the power of X
In(X) Natural logarithm of X
S Standard deviation o¢of the residuals about the
yoX regression of "Y" on "X",

III. DATA SOURCES

The data used to develop the relationships presented in
this report have been assimilated from four main sources.

A. U.C. Dendrometry

The University's Barr and Stroud optical dendrometer,
mcdel FP 15, was used to take measurements of bole height
and outside bark stem diameters at selected points along
tree stems.

Sampling was performed during the summer of 1975 on
lands belonging to members o¢f the Redwood Yield Research
Cooperative. Tree selection was "semi-random'. A loose
criterion was adopted to select trees between 2-50 inches
DBH over the range of conditicns encountered on the proper-
ties sampled with the following restrictions:

a. Trees on the edges of road cuts were not measured
unless the roads were recently constructed,



b. Trees were not selected in stands composed of resi-
dual o0ld growth or in stands where there was evi-
dence that the trees present develcped as an unders-
tory of old-growth stands.

c. Trees were not selected if thev were severely
suppressed, had broken tops or possessed other
abnormalities that would make them wunlikely candi-
dates as crop trees in managed ycung growth stands.

B, Palley Data

The majority of trees used by Palley (1959, 1961) for
the previous redwood volume tables were vretained after
screening for this study. These trees were fall, buck, and
sczle (FBS) data. Measurements included DBH_, total height,
stump height and diameter, and inside and ocutside bark diam-
eters on each 16-foot log.

C. USDA - 1900 Data

The United States Depariment of f4griculture carried out
a comprehensive stem analysis project on yourng growth red-
wood sprouts around 1900, Sampling was performed in second
growth stands in Del Norte, Humboldt, and northern Mendecino
counties. The records ¢of over 1000 trees are on file aft the
University. Approximately 200 dominant, intermediate, and
codominant tree records were utilized in the present study.

P. Ccooperator Data

Simpson Timber Company and Georgia Pacific Corperation
of the Redwood EResearch Cocoperative donated the FES records
of several hundred {rees for use in this study.

Appendix B contains a breakdown of the numbers of trees
by diameter and height classes for each species group. Also
included are tables showing average form c¢.ass by diameter
and total height.

Iv. OSECONDARY RELATIONSHIPS

The basic set of measurements on each tree needed for
volume and taper analysis consists of a sequential series of
inside bark diameters and log lengths from a specified stump
height to the tree tip. As the available data had been col-
lected by a variety of field procedures, it was necessary to
develop several estimators to make minor adjustments on the
measurements of some frees so the entire data set would bhe
in a compatible form,



A. Stump Diameter Estimators

In situations where the actual stump height was not
coincident with nominal stump height used in this study, the
following nonlinear model was used to estimate the stump
diameter inside bark (ds).

dS = (1 - bOX)(DIAi)exp(b1(hi - 8)) (1)
where DIA. 1s the measured diameter inside or outside bark
at a helght n.., "X" ig an indicator variable equal toc "O"
if DIA. ig inside bark and "1" if it is ocutside bark. Coef-
ficient estimates and a statistical summary are shown in
Table 1.

An approximately equal number of inside and outside
bark measurements were used as observations. h, ranged from
.5 to 4.5 feet. Extrapolation outside these li&its is not
recommended. It should be noted that this model assumes
bark ratios remain constant over short bole segments. As
sufficient data were unavailable for other whitewoods, Doug-
las fir ccefficients were used for this species group also.

Table 1

Coefficient estimztes by species for the stump diameter model

Species b by BT Sy semele size
Douglas Fir . 097 .038 .95 1.76 403
Redwood .153 .035 .97 1.48 581

B. DBark Ratio at Breast Height Estimators

Bark ratios (b_) were estimated with the following
model: r

dbh = (br)(DBH) (2)

Estimates and a statisticzl summary are shown in Table 2.
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Table 2

Bark ratioc estimates and statistical summary

Species br R2 Sample Size
Redwood .85 .98 688
Douglas Fir 91 .99 362
Whitewoods .98 .99 160

C. Stump Heignt Estimators

In situations where stump height is unknown buf stump
diameter inside bark (d_) and another diameter (DIA.) at a
known height (h.) has been measured, solving -equatidn (3)
for mg" provideé a logical form for a nonlinezsr stump height
estimator,

8 = cj[ln(ds) - 1n(1—cOX) - ln(DIAi)] + hi (3)

A1) variable definitions in this model are the same as 1in
equation 1. The coefficients (c¢,,¢c,) could be numerically
derived from b_ and b. in eguation 1 if there was no sta-
tistical errof, Howéver, the coefficients, because of this
error, were reestimated by nonlinear least squares and are
shown 1in Table 3.

Table 3

Coefficient estimates and statistical summary
for the stump height model

Species e P R S (feet) Sample Size
Redwood . 308 -16.88 .83 1.1 571
Douglas Fir .206 -20.20 .91 1.3 Loz

L. Tip Estimators

In situations where the length of the tree stem from
the last buck to the tree tip is not measured, it can be
estimeted with the models

t b

1 2
bo(di) (DBH)

—J
H
U
1]

(4)

or

e b

L 2
by (L) (DEHD

[ax
H
s
1

(5)



-8 -
where TIP. is the length of the tree bole from the known
diameter, di or D,, to the tree top.
Tables 4 and 5 give coefficient estimates and a statistical

summary. The sample Dbasis used in developing these equa-
tions did not utilize top diameters in excess c¢f 14 inches.

Table 4§

Tip model -- diameter inside bark {d,)
coefficients and summary

. 2 .

SRR Po_ %1 P2 Sy.x (fY) E_ Samele Size

Redwood 8.1 1.05 =-.27 7.52 .80 601

Douglas Fir 7.39 1.03 -.24 4,25 .78 143

Table 5
Tip model -- diameter outside bark (Di)
coefficients and summary

. 2 .
Species . o ____ i le  Sy.x R Semeie Size
Redwood 6.7 1.08 -.26 6.98 82 619
Douglas Fir 6.8 99 ~-.19 3.94 79 161

. —— e e e e e i s e e e e e e A e e e e e e e e e M AR e E AR e e e e e —

E. Bark Taper Estimators

Dendrometry measurements were converted to outside bark
measurements at varicus neights on standing trees. To con-
vert these measurements to diameters inside bvark, a bark
taper model was developed.

Douglas fir

There was not enough data available in the sample set
to estimate coefficients in a bark taper model for Douglas
fir. Consequently, the model developed by Johnson (1966)
for Douglas fir in the Pacific Northwest was considered the
next best alternative. This model 1is



di/Di = .559 + .00006hi + .203(D1/DBH) (6)

IRR=E"] =
- .1542(Di/;Eh) + 347173 (dS/DS)
This model was also used for other whitewoods.
Redwood

Three observations, each consisting of height from the
ground (h,), diameter 1inside bark (d.) and outside bark
(D.), at randomly selected points on 172 redwood trees were
usd8d to develop a redwood bark taper model. The following
model, fitted by nonlinear least squares, was found to give
the best statistical fit as well as providing a logical and
consistent functional form.

d,/D; = dbh/DBH + .38(1.-dbh/DBE)x | (7)

(1. -exp(-.06(hi - 4.5)))

Total Observations = 521
RE = .12
Sy.x = .03%

Both coefficients and the overall model were statistically
significant at the .01 level. The low precision is partly
due to measurements being rounded to the nearest tenth 1I1nch
and the form of the independent variable (di/Di)' Premulti-
plying botB sides of the expression by D, and refitting pro-
duced an R~ value of .93 without any real increase in expla-
natory power.

V. Volume Egquations

The volume eguations developed for each species group
in this study are of two general types:

Type IV = £(DBH,H)
Type II vV = f(DBH,H,GF)

For ?ach equation type and species group, twenty-four
equations were estimated by using combinations of the fol-
lowing items:

T. The specifications used here for the volume equa-

tions are those recommended by the Advisory Panel of
the Redwood Yield Cooperative.
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1. Volume types - two volume def£§itions were used:
Scripvner board foot and cubic feef™ .

2, Height - three definitions of height were used: total
height (Ht), merchantable height (Hm) and log height

(Hy).

3. Merchantable top - volumes were computed to four inside
bark top diameter limits -~ 8, 7, 6, and 5 inches.

A. Scaling Procedures

YVolumes for each tree were compubted from stump height
to the merchantable top limit. As the actual measurements
on each tree were not all at even log multiples, some means
cf interpolation was necessary. The best procedure was
found to be fitting a2 system of several third order polyno-
mials to the =actual measurements on each tree (see Akima,
1970). The basic result of this process was to provide the
numerical equivalent of a free-hand curve drawn through the
stem profile conditioned to pass through every measured
point. This equation system was then utilized to Ybuck® the
trees into standard lengths and produce interpolated diame-
ters.

B. Board foot scale

Board foot scale was based on a 1.0 foot stump height,
a nominal log length of 16 feet, and a trim allowance of .3
feet. Board foot volumes of each log were computed by the
following egquation (Bruce and Schumacher, 1950)

BV = .79(DIAYS - 2DIA - 4

where DIA is the diameter inside bark at the small end of
the log.

Based on general scaling practices in the region, the
following procedure was used when the top log was not an
even multiple of 16.3 feet. If the length was less than 8
feet, the piece was appended to the next lower log which was
subsequently scaled as & "long” log. If it was Dbetween 8
and 16.3 feet, the piece was appended to the next lower log
which was subsequently split in half and scaled as two
"shert" logs.

It should be noted that largely due to the viscissi-
tudes of the Seribner log rule, reducing the top merchanta-
bility diameter frequently resulted in an overall decrease
in the board foot scale for specific frees. While no formal

2. Volumes in cublc meters are obtained using the cubic
foot equations and metric conversion factors. See sec-
tion V.F on metric units.
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analysis was performed, the general impression gained during
data analysis was that a top diameter of 6 to 7 inches would
produce the maximum overall board foot scale obtainable with
the scaling procedures employed in this study.

An end result of this phenomene 1s that the volume
equations developed in this report are not guaranteed to
estimate more board foot volume as the merchantable top
dieameter decreases, particularly since this is not what hap-
pens in practice!

C. Cuble foot scale

The local taper equation developed for each tree was
used to estimate inside bark diameters at one foot intervals
from the stump to the merchantable top. Smaglian's formula
was applied tc each one foot segment to compute volumes.

D. Functicnal Relationships and Statistical Procedures

The functicnal form of the volume equations fitted were

b, b
b, (DBH) 'H 2

Type 1 V

b1 b2

Type 2 v bo(DBH) H =GF ~

1]

For each volume equation case, data were transformed by
taking natural logarithms and parameters were subsequently
estimated by linear least squares regression. The constant
term (b ) was exponentiated to convert the equation to the
natural Bumber scale. A synopsis and statistical summary
for each fitted equation is displayed in Appendix A.

Experience has shown that fitting volume equations by
the logarithmic procedure provides consistent and logical
estimators as well as satisfying the wusual assumpticns of
regression (see Wensel, 1973). The major cbjection is that
a negative bias is introduced by this procedure and volume
estimates should be multiplied by s ccrrection factor to
provide "theoretically" consistent estimates. This factor
is equal to

exp (.5SMSE)

where M3E is the mean squared residual of the respective
volume equation in logsrithmic units (Baskerville, 1972).
This factor (.2 to 2 percent) is usually muech smaller than
the statistical error (6 to 22 percent) of the volume equa-
tions, and for most purposes, can be ignored. These bias
corrections are also shown in Appendix 4.
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E. Reliability and Adjustments to Local Conditions

The volume tables essentially give '"average" volumes
for trees of a given DEH and height. These volumes are sub-
Jject to two sources of statistical error when used for an
individual tree: (1) an error associated with estimating
the "true” population volume relationship from samples,
This source of error can be reduced by taking more samples.
(2) An error associated with random deviaticns about the
"true” population volume relationship. This source of error
may be reduced by adding additional explanatory variables
(e.g., form classy.

As with 211 regional volume tables, there is a possi-
bility that stands of trees 1in specific localities may
depart from the general relationships shown in these tables,
Alsc, where scaling practices differ from the ones used in
this study an additional source of bias may be infroduced.
Hence, field checks should be made before local use.

The following procedures are suggested to check the
accuracy of volume tables at the 95% probability level.

1. Specify the accuracy level desired for the estimate
of tree volume, on the average, for the stand being

sampled.

2. Determine from Table & the number of sample trees
required. Sample sizes were computed with the aid
of the well known sample size formula.

n = t2(CU)2/A2

where:

n = number of sample trees

t = student's "t" value corresponding to the number
of sample trees and the confidence level being used
CV = coefficient of variation expressed as a decimal
A = accuracy level expressed as a decimal
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Once the sample size is chosen, trees should be
selected for volume measurement that zsre representa-
tive of the trees for which volume estimates are
desired. Each samrpl tree 1is measured for LEH,
total height and veolume. Volume can bLe obtained
with a FEelaskop, dendrcmeter, or by sceling felled
trees. Vclumes of sample trees should be determined
by the same procedures used in actusl scaling opera-
Eicns.

Compute the percent difference between the measured
volumes ancd those estimated by the volume tables for
each sample tree. Then compute the average percent
dgifference for all sample trees.

If the absolute value of the average percent differ-

ence, iP1, 1s less than the accuracy level, use the
tatles without adjustment.

If the (7| is greater than the accuracy 1level and
trere are no trends in the rpercent deviations aver
size classes, multiply estimated volumes by the fac-
tor

F = (1+4P/100)

Percent deviations sometimes show trends with
estimated wvolume or DBH in which case regression
adjustments may be utilized. For example, if the

percentage volume deviation of the sarple varies
with LBF in 2 linear fashion, the follewing correc-
tion factor may be used:

FDi = [1+(P+b(Di-D))/1oo}

where
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FD = correction factor for a tree of Di inches
Vi i
D = average DBF of volume sample trees
¢ = regression constant computed from the volume
sample

- J_J

3P.D. - nPD
e =2
EDi - nD

n = number of sample trees

P, = Percent deviaticn of the jth tree in the
J volume sample
Dj = DBH of the jth tree in the volume sample

If more refined estimates or different confidence
levels are desired, coefficients of variation
derived from Appendix A for each species-volume
group can be utilized in conjunction with the fami-
lier sample size formula.

8. As an example, suppose 8 percent accuracy levels
were desired at the 95 percent probability level. A
redwood cubic volume check yielded the focllowing

data:
Total Volumes from Volumes Percent
Sample Tree DBH Height Tables Scaled Difference
No. (inches) (feet) (cubic feet) (cubic feet) {percent)
1 12 60 14 14.8 +5.7
2 12 70 16 7.7 +6.8
3 12 90 21 22.8 +4.8
it 18 g0 ue 49.4 +7.4
5 20 130 g2 g8a. +7.5
6 22 110 g4 91.7 +9.2
7 28 100 123 134.2 +9.1
8 28 130 160 175.5 +9.7
9 30 120 169 185.9 10.0
10 34 130 234 260.4 11.3
11 36 130 262 290.8 1.0
12 36 140 282 314.4 11.5
13 4y 160 HrT 538.0 12.8
14 Ul 160 urT 540.9 13.4

Averages 26.86 +0.3



In this example P = 9.3 is greater than the & per-
cent accuracy requirement and may be used to compute
the correction factor

F =1+ 9.3/100 = 1.093

There is also a trend in the percentage difference
which increases with DBH. In this case, & regres-
sion correction factor that varies with DBH will be
more precise, The regression ccefficient "b" for
the correction factor F is computed zas

Dy

((5.7)(12) + (6.8)(12Y + ... (13.4)(44) - 14 (9.3)(26.86)]
(122 & 122 4+ ...u8% - 14(26.86)%)
- 0.227

The correction is then
Fy = 1+ (9.3 + .227 (D;- 26.8))/100]
i
= 1.093+.OO227(D1—26.8)

For a 44 inch tree, the volume estimate from the
table would be adjusted upward by the factor

FHM = 1.093+.00227(44-26.8)

= 1,132
Adjusted Volume = 1,132 x 477 = 540 cubic feetl
F. Metric Units

Each of the equations presented in this report presumes
that English units zare being used. In the case where metric
units are used for one or more of the measurements, the
volume equetions are altered as follows:



Measurement Units Veolume

LEH Height Desired Conversion{C)

inches feet (feet)3 none

inches feet (meters)3 c

cm meters (feet)3 (01_b1)(02_b2)

om meters (meters)3 (cfbl)(ce'b‘c‘)o3
where: c1 = 2.54 inches/cm

¢, = 0.3048 ft/meter

2
¢, = 0.0283165 mo/ft>
b b2 = coefficients of the volume equation used.

These conversion {factors can be used in several ways.
First, 1f desired, measurements of T and H can be converted
using the terms ¢, and ¢, resgectively. Alternatively, tLhe
appropriate composite conversions, C, c¢an be used to convert
the final volume. Desired volume is obtained by multiplying
the calculated volume from the veolume equation times the
aprropriate conversion factor above.

VI. CONIFER TAPER MODELS

Taper models estimate diameter inside berk 2t varicus
heights on tree boles when only DEH znd scme measure of tree
nelght are observed. Taper mocdels zre used for two princi-
ple purposes.

1. Estimation of the dimensiors of upper stemr portions
for defect adjustment in cruising.

2. Estimation of the log size mix poftentizlly available
Irom standing ftrees.

A, Model Criteria

Taper mwodels are conventiconally required to have
several properties:

1. If total height is an access variable, the model
stiould predict a diameter inside bark of 0 at the
tree tip. Similarly, if merchantable height is used,
the equation should predict the top merchantable
inside btark diameter at the merchantable height.
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Predicticns of stump or breast bkigh diameters should
egual sctual measurements at these points. While
these values are ncot conventiorelly recorced in the
field, the aper model should be structured =so
prredicted inside btark diameters czn be forced
threugh leogical values of these points if necessary.

3. Predictions derived from these equaticns shculd be
glways positive, always decrease with increases in
bole height, and bte relatively unbiased at wvarious
points cn the tree bole,

F. Model Development

Experimentaticn with several possible functional forms
led toc the following model which is based on the modified
inverse cf a general sigmoldal equation. This model was
found to satisfy the previous criteria and hes the general

form:

c

1
= - Df. 1 - - -
d; = e L - Df In[1-R (l-exple /f, - ¢ /Bf )]
tere
di = d.i.b. in inches at a point "i" on the tree Lole
D = DEH
h, = height in feet from ground to s point i on the tree
1
bole
F = general measure of tree height in feet

R = (hi_1.)/(H-1.)

d = merchentable top diameter inside bark corresponding
to the point where hi = H

f1 = 02 + 03D + CQH

¢, = parzmeters estimated by regression methods.

This model is condiftioned so that the precdicted diame-

ter inside bark will egual 0 when h, = H. If H is total
height, d is 0, and the predicted diameter will te 0 at the
tree tip. Similerly, if H is the height to 2 merchantable

Lep of say 5.0 inches, dm is 5.0 inches and the prediction
will be conditioned to "predict 5.0 inches d.i.b. when hi =
H.

Six taper equaticns were developed with H being defined
as height from the ground to an &,5, and ¢ inch (tree tip)
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tep d.i.b. for redwoced and Douglas fir. The medels were
fitted Ly nonrlinesr least sguares. Two te three sample
points con sultatle trees vsed In the previously descritced
volume analysis were randomly chosen for egquation fitting,
Cocefficient estimates and & statisticel summary are shown in
Table 7.

C. Model Interpretation and Discussion

The coefficient ¢ is intercreted as the ratic of
a.i.t. at a 1.0 foot gtump to DBH. The fitted coefficients
were almost numerically equal to simple ratio estimators
based or the same dats set so constraining the model was not
considered necessary. The ferm f for the taper mcdels
were chosen affer considerable experimentaticon in attempts
to account for general differences in taper between trees in
different dizmeter and height c¢lassses. Table B gives aver-
age vias (average difference between actuazl and predicted
values) by relastive height for 211 six taper equations. In
general, these biases are small and quite acceptable for the
general level o¢f precision usually required in estimating
upper bole diameters,

Table 7

Taper Model Coefficients and Statistical Summary

REDWOCD LCUGLAS FIR

Merchantable Tops

0.0"  5.0"  §.o" 0.0" 5.0" 8. 0"
¢, 955  .556  .955 1.008 1.016  1.024
c, 387 346 .326 415 .320 276
c,  -.362 -.247  -.211 _. 275 _169 .1
c;  --00581 -.00666 -.00542 _.00770  -.00539 -.00364
e, 00122 .00116 .0C084T 000640 .0C0178 .000108
R® 902 .962  .967 974 978 .975
S, 10287 1.19m 11a .97 g1 .82
Sample

Size 1238 1217 1164 671 631 574
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Bias of conifer taper equations at various point
cn the sample tree toles,

]

TR
1H

REDWOCD DOUGLAS

Equation top diameter Egquaticn top diameter

0.0 5.0 g.0 0.0 5.0 8.0

Bias in Inches

Sfump .13 .01 -.03 22 .10 .03

DRH -.16 .01 .09 -.1E .03 .05

h 17 -.22 -.20 -.22 -.20 -.10 ~.10

h'33 .30 T .03 .25 .07 .10

h 5 .30 -.04 .07 .35 17 .05

h.6? ~-.06 ~-.03 .08 L1 -.14 -.00

- - .54 -

h.85 . 34 .06 .26 .54 .04 .00

top 0.0 0.0 .0 ¢.0 0.0 0.0

h “ refers to 2 bole height equal to xx% of total height,

Positive table values indicate predictions are low.

VII. VOLUME EQUATION VERSUS TAPER BASED VCLUME ESTIMATES

The coefficients in Appendix A can ke used to estimate
gross volume directly in standing trees. The taper equa-
tions c¢an also be used to ¢btain indirect estimates of gross
volume. Essentially, the taper equetion is used to estimate
inside bark diameters at the places on the tree bole where
it 1is to be "bucked" intoc lerngths. These lengths are then
scaled using predicted inside bark diameters, and summed to
estimate total volume, Mathematical integration of the
taper function 1is impossible so this numerical technique 1is
required.

It should be emphasized that the taper equations were
developed to prediet inside bark boele diameters, not tree
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volume., lience, their adequacy ir volure estimeticn cannot
te jucged by conventionel statistics., Regerdless, the fol-
lowing ad hoc comparisons were mace.

L

4. Comparisons

l'iameters, total heights and scaled cubic volumes to a
five inch top of the trees used in the taper analysis were
utilized for comparetive purposes. The coefficients from
the s&appropriate total height-DBF cubic vclume equation were
used to directly predict volumes to & five inch top for
these trees. The Ytotal height'" taper eguations (H is
defined as ftotal height) have the greatest standard devia-
tiors and range 1in bilas. Consequently, they were used for
comparative purgposes as a measure of the worst that could be
done using teper equations to obtain volumwe estimates.
These taper equations were used to predict inside bark diam-
eters at one foot intervals on ezc¢h tree from the stump to &
five inch top. Smalian's formula was then used to compute
volume of each segment which were then summed to give an
indirect estimate of cubic volume. The following statistics
were then computed for both redwood and Lougles fir;

1. Aggregate percentage difference

2. Average percentage difference
2. Root mean sguare percent deviation (RMSPD) computed
as
1
RVSPD = (Z((9. - y.)/y,)%/m)°
' i i7791
where
?i = volume estimated bgbvolume equation or taper
equation for the 17" sample tree

vy = actuzl scaled volume of the ith sample tree
n = number of sample ftrees

These values are shown in Table 9 and are essenitially a
measure of how close predicted volumes are te actual scaled
free volumes wused in the besic analysis. As indicators of
lack of ©bias, average and aggregate percent differences
should be ¢lose to zerc. The RMSPD value is essentially an
approximation to the standard deviation expressed as & per-
cent. Comparisons of these values for the taper eguaticn
with those of +the wvolume equation provides 2 measure of
relative efficiency. Judging from table ¢, there appears
to be no bias in velume prediction from the taper ecuations



- 21 -

znd EMSPD wvalues ere almosi 1identical.

Table 9

Comrparetive statiztics for judging differences
between volume eqguetion and taper equation bezsed volume estimates.

Redwood Douglas fir

Averzge Aggregate RMSPD Average Aggregate FREMSPC

difference difference difference difference
--—per cent---
Volume -.8 .8 15.3 L ~-1.2 11.5
equation
Taper -.2 1.9 15,1 .2 1.7 11.2
equation

Positive percent differences indicate that the estimators
are low compared to actual volumes.

To provide a measure of relative compatebility between
volume eguations and taper-based volume estimates, ratios of
estimates produced by both methods are shown for diameter
and height classes of trees used in the taper analysis in
tatles 10 and 11. Except zat the "edges" of tLhe data set,
there is remarkable agreement between the estimators consid-
ering no attempt was wade to condition the taper equations.

B. Evaluation

In the course of this taper analysis severzl items were
noted wnich are possible areas for refinement.

1. The taper ecuations are, overall, slightly 1low,
Judging by the aggregate difference. This is prob-
ably due to estimating d.i.b. rather than d.i.b.
squared, whiech 1s proportionzl to volume. Tt is
well known that the squared average of a sample 1is
less than the =average squared value unless all of
the diameters are the same.

2. The rather simple expression of the term f in the
equation msy not be totally adeguate for describing
taper differences bhetween trees of different DERH and
height.
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L

gses with height in the ratios cof volume
to taper based estimates is largely due to
the data set ‘treing used. Ne significant trends
indicating & lack of fit were detected in a compari-
son of beoth velume egustions and taper estimates
with actusl scaled wvolumes. For Douglas fir, the
difference is more pronounced and epparently due to
a small and somewhat lorsided distribution of the
sample trees.

We enccurage the cocperstors to review these tarer
eguaticons pricr to finzgl publication.

In summary, volume equations produce simple and effi-
cient estimates of gross tree volume. However, taper eque-~
tions can be used to produce similar estimates although they
are somewhat cumbersome. Tarer equations are nrecessary when
volumes by logs in individuzl trees are desired.

YIIT. VOLUME TABLES

While the volume equations presented here are very use-
ful for incorporstion inte inventory analysis programs, many
foresters will want some of these volume eguations turned

intc table form. The combinstions c¢f species groups (3),
ecuation types (2), measurement units (2), and top diameters
(&), would reguire 72 individuzl volume tables. When one

considers the possible range of form c¢lasses c¢f interest,
the number of rossibtle tables 1is even more formicdable.
Since any individuasl would only be interested in a few of
these tables, no attempt is being made to publish all of
these tables.

However, in Appendix C, 5.0 inch merchantable top boar;
foot, cubiec foot and cubic meter tables are given for each
of the two species, Redwood and Douglas fir, by DBH and
total height. & listing of the ccmputer program used 1o
produce these tables is available from the zuthors.



TABLE 10. Redwood -- Ratios of volume equation
to taper based estima s of cubic volume from
a 1.0 foot stump to a 5.0 inch top for DBH and
Height classes of trees used in taper analysis.

i
[ TOTAL HEIGHT (FEET:
I
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a7 ]S
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¢ [ T Jg .88 L.B2 .52 99 Sid ) 04
et =l 37 12 9% F.AA LER 1.6m .99 985 g
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TABLE 1. Douglas fir -- Ratios of volume equation
to taper based estimates of cubic volume from
a 1.0 foot stump to a 5.0 inch top for DBH and
Height classes of trees used in taper anslysis.

1
BEH 1 Mrar HEIGHT (FEET?
[
1 1Kl ctl 28 ] af (=33 A 2l 93 tE0 115 | Cds| 1724 148 156 16R LTE 124 199 260
14 iy
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o .ar .Sl LaR .4 1,05
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IR L i O = T
e | L.oAR 1.6 1.A8 (ae
a8 ] 1. F3 iR
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dd 1, Hel
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Appendix A

CONIFER TREE VOLUME EQUATICONS

This appendix contains tables of statistical summaries
and coefficient estimates of conifer tree volume equations.
Each table has six eguation summaries: three board foot and
three cubic foot each accessed by total height, merchantable
height, or height in 16.3 foot logs. Stump height 1is
assumed to be one foot and board foot volumes are based on
Sceribner scale with a nominal scaling length of 16 feet with
a .3 Tfoot trim allowance. Top diameters vary with each
table. Table A1 provides & quick reference guide to table
specifications.

(1} Types of Equations

Equations are of two types:

a) D-H. Diameter~height egqguations
b) D-H-GF, Diameter-height-form class equations

The form of diameter helght equaticns 1is indicated
in Fortran notation as:

V = BO(D**B1)(H**p2)

which in regular mathematical notation is

b, b
V = b D 1H 2
O
Similarly, the form class equations are 1in Fortran
notation
V = BO(D¥®*B1)(H¥%¥B2)(GF¥¥*B3)

which in standard notation 1s equivalent to
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(2) Exponential Notation

The coefficient estimates are given to Y4 signi-
ficant digits in exponential notation. As examples:

.5639E-03 = .5639x107°> = .0005639

5639E+02 = .5639x10° = 56.39

(3) 8Standard Deviations

a) Logarithmic (LN UMITS) - Standard deviations of
residuals are reported in natural logarithmic (base
'e') units.

b) Normal Units (PERCENT) - Standard deviations are
also reported as a percentage of predicted volumes.
This value is also the coefficient of variation.

(4) Adjustment for Logarithmic Bias (LN BIAS)

This value is a multiplicative adjustment, usu-
ally negligable, that c¢an be used to correct the
volume equations for any inherent bias resulting
from the logarithmic transformations in the eguation
fitting process.

(5) Percent Average Deviation (AVE DEV PERCENT)

This value is the average percent deviation of
actual versus predicted values of the sample used in
fitting the respective equation.

(6) Percent Aggregate Difference (AGG DIFF PERCENT)

This value is the percent difference of the
total actuval volume of sample trees versus
predicted. Negative valuves indicate the equations

are low, positive values indicate the equations are
high.
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TABLE A1

Quick Reference GCuide to Conifer Volume Eguations

Volume to

Top d.1.b.

{inches)

Fgquation Type

Table No. Species
1 Redwood
2 Redwood
3 Redwood
4 Redwood
5 Redwood
6 Redwood
7 Redwood
8 Redwood
9 Douglas Fir
10 Douglas Fir
11 Douglas Fir
12 Dovglas Fir
13 Douglas Fir
14 Douglas Fir
15 Couglas Fir
16 Douglas Fir
17 Whitewoods
18 Whitewoods
19 Whitewoods

20 Whitewoods
2 Whitewoods
22 Whitewoods
23 Whitewoods
2y Whitewoods

|
[op]
T}

]
!
o
s

R
1 | 1 1
o B o B o B |
T T

1
[0
1

| I O T S N |
||
oy O
T

|
9
1]

i1
i
]
]

[ B Bk B v B o v v B v B B B B B v v I e e o Sl v e e e B
1

|
(W]
1

g e S S e e e T e e e Y —



e —

I

o e e ke

feREZS YOLUME THELREZ.FOR R

Poab LU s T

EESVRES]

s I = 1| S b T

Vo D CDHEE | O IR

OUTSIDE S0 @7 J.5 1

1on
el

=

MeEkRE GHT G FEET OR HUMRER OF OGS -—5EE RELOL--~

ROARD FOOT WILLNES

= e B el SR

FAHDAERR 1 STiHT i
FEWTETION T DEST) [
St HMTISY T CFRRCLay 1

2T F R

L ) 1 S 1

ey . — ___1__. —— __.._...__.'[

1 [E . Zi 1

I I

CLERTE

- _I___ — ...__.___I
ST T STaHDMED 1
DEYTIATIT T DE STl ey I
CLH LTS TPERCETIT

l
I
1

e L

R ..___1'__..._....._. ——

g’ 7

I

-] = [ e |

[.M
BIRS

— i ___,l' _____________ _I___._._..___'[_._._..._....___.

1 et ]

1.1

Rl e

Lt

FInNns

et B Mt

TATIETICAL SUrMmFY

___,.___.___,,_,,_'[_._..,..._

— ]

AE I ML I

KE I [l
PrnlEH . 1

LEERCENTY T

FOOT *OLUMES—STHRTISTICAL SURFRy

— L — == __'[__.____

I SE
i [ TIFF I B
CEORSETs T vPERCETY T
- | -

[

: I

SEE L _

. 7 U1 SN DB

SR (R -, M o A
] 1.1F=l1

[.o50se

+F

- R I_____,.,____,.,_____ [__.. _________.._'[... — W=y

UL T LSMERE

v L AREFFE D LS

___..___J_

1T, 1
1...

ol

: H (&. V7



. .—|.|||. = — AI.

A1 TEB=30LTE"] 1 I [ I 1 I VHEH AH 307=t

e | e ...li._ ||||||||||| e e e

—
i
|
|
|
[
i
i

1271 BIR SR ’ ] 1%

I
1
1
I
:
I

S i

[ FHZL3H 207

LHIT 2 A

Y O A0 5 O N M O T i

[AEEEY SR, PO [

._ - B o e | ==

i
i
i
1
|
I
I
1
1
|
1
i
i
|
|
|
|
i
|
|
1

cLHEDHA
RO LT

:m+_m: il
A 534 o L

...... Jommmem e

T4

el o b |....|.|..._ — At e ——

Al NS IO LS LELE - =53 NT0s Lad el

BIT =L

E o R = B T R S

HTIA

I 57 Bl ] |

clb-l1L
S ) 1 ] B

o 3TEEL




TaaLy = GREOZE SOLUM HIEE Fedie WERW VI s -1
LR N R R R e A Aol I i

Lo BT STURE T VLA HNCHES TR I, )l

BE o o] ol

ENURTLON: Y = BBEDAEL) (H) 2
LIHE#E
D=TIRMETER (UTSIDE BeRi (7 4.% FEET
H=HETEHT 18 FLET OR BUMEER OF LOU. Sl BELGL--

BOnRD FOoT YOLUM &--STAT 1" FIL SRR

]— ———————— T p — - .--M,]________._._[_,. e o e — = g N p— I——-- o o ] [.. ]

J HBHED 1 SR 1 1 P L [wic i 4217 H 1 Il 1

DESAICTION T DEW 1l Tl 10 Fe 1 i I i L1FF I B [ Bl 1 [ |

UM LT TZy T cFERLCENTY 1l I 4RE=CIEHTS CF=FCEHTY 1 [ [ I

| , . [T S -1 = — R = =~ — — e ] - S T- e [ e ea |

H=TOTHL T TGHT 1 el s I | BE At T 150805 1 PRl | [ < F15 (B ol e LIRS o A AR = o [ N
]__—"_ —————— 1- —————— ] = __Iwnn- _——=] - —[-_m————_Pmm[_—--———nn] - - I amen |

HeaPEETH = gl L 1md 1 14, B I LETE i LFE l L. BEs] I e BT [.11 St 16 1 H L EERERE R
e [ o = T e = [ — e e ——— e P o e [ |

Posn 00 HE Tk [ i [ 1 f 1 1o adall TR0 e INEERS ) . |
N - - - _—— . |

Led vaaT waurs . TS TTICAL  SLUPHSRYT
[ R U [ — Jp= =t == s == e e [
Lo TANT T }OGTRITET 1 1 H Ei 1 bl I
I BDENTATION © LEN D e T Reed I 2Ins s I U FF [ [31
[FLh Wl i T TFERCENTY ! [ ORERCEFHTY 1 4FER I
_______ — W= t R s = == L _ S,

He TOTIHL HE TGHT T RET-+ S S 1 PooEsa b 1.AT 1 13.&dF VB8 LLEEOWESET  IgREERLT .
1= o R T e —— - e L
' H HT 38 1 s [ Lma 1 L. 1 = ETS 2.3 TLRTSIE-BATL IR REHI] L. (e sE T
— s el e et == _,...I_._._.___....__] . — W= Yy i e e - - e -

CULEY B Barieicc .30 S E R A AL DISEN R LU
f-——--- —— e ]——=m———— = 1-- e [ I e e = - - |



e U [ e e e SRRy (T SO —————, = I — XY e S . B B N oS 1

— e — e

TOSLIHD T
IO BIRR IR i

— e e

kbl s T e B [ L0 eloe s
AL ANOT08 S




_ e > | m - .,.,_ it e H S —— |u IIIIIIIIIII H = ——— e — | — \IIHl. = IIIii.,_
I [ J ; AEI0SRTT T [ I I I 1 T LHET S

R — _ |||||||| .rﬂII|........|.|.|.||,_|.|. e 3 < F..||||.|.!...i.||.—.

St I yel” I LHDT

R iR ERY RSy IR

St e e e =

(3 S07=H

HZ#Akb=H

_ - .-HII! = - N ™ -+
] [ rLHA CSLTHM W ]
| 1 [ 7 I i {411 I MOTLHIA L |
T [ 1
|

[ HEH I LR

—— b a s ...IHII...!.

NS WIS LULE =50

[T LHTAH
= LI




[

I
e e |5

I

- i
POSLTHM HT oL
[ R[] I
1 dethdl

[REEEE= TLIRE flotit

CS LN T ]
FECVT LLIT

—— o —

SELETHIS L0




[

LI

Tk

|I1I

I

il

FOOT “OLUINES

il

HWIE|

i = |
1 1
= 1
. - !
1 B
- !
1 i
= 1 i
o =l i
— i e —— e
\ \
' ?
- t '
H |
b !
R y
i
I e ! i
—_ e e e e — =
' . 1
- !
— ¢ s i
- 3 — :
] |
|
—_—— — — —_ =
|
i
= |
I | E
1
! t |
= 1
i
s = = ]
l | !
I
'y i e | = i
- : =} 1
- — '
e -
' 1
| | 3
—_ - "
L - 1 |
= = 3 '

14

|
— o e S
e 1
~ i ! |
—_ = 1 o
T L —
— | . |
Tk | |
L o i i
|
— — — —_
— =
e
]
u T m

'
|
— = = = —
'
'
i : [}
H i
i = E
| = i
i J B
' b
i S

= i
= |
- i
1 = 1
! i
i
— |
= - i
gL = i !
— = |
= +
= 1
£t H
L
e —
I t
— A0 T 1
x i ! i
— I
ol 5
e | I |
(== L b |
| C |t i |
| gl b I
A A | o
o = — — -
=
u
L =



A

_— e —

| T T e e T e B

LI G T 1 S Y S W et L Sl | l 1 [ { i
| e - Lo e =] — =i

O 1 o i =t ) [ I L

e = 1 e

t

Lo=LIME W
ariw
i

- —

- T A




SOLAME T ORI L L FIR iR, =1

Rl

s THNE: S NS L I d FEET
o HE T = | et T Ly 1LCHG ST ELOL--
2 T sl “STRTIST IO I
______________ 1 R —— _I_ _I L- - - T _1 - J— | _- - I
STTHLEE D STHHI 1 E [ it | |
] I [ S T | N T Ti I e (i I i 1
(O R [E L f 1 1 [ | I 1 S 1 :
[—- - - - - I- . I === Jw—i
! oA A Y i ! i L 11 1 -1, fell it
| -~ ] - —a]- = '3 - = [ == = ==
| i I 1 ] L] I I L o —Ili], L | i i
I~ ~r=- 1 i = J—- = I = | ]
1 1 I 1 ] LI.11
S V- e B e D | =
I 0T ' TATIST ITaL 4
== - — = — - ff— - & I—- =S [ - |
I ThilHEDR L STl b ] 1 F T [ 1 1 | [
[ pENMTIATION T ETTON T Frea? 1 I I I 1 1 1 I 1 [
| VTELY CPERLEEMTY ] [ I [ o} ol [ | |
| — R | =y - i L- e T I |- I
|l 151 I 1 1 I ls. il [
=== - 3 — — [ -] - 1= = - 1 | =5
1 ] I ] 1 [ [ 12 I 1 b [ = T T AR | PN [
= = ~ iy -- ——- 1= I -1 = 1 ol . 1 - -l
1 [ L I ] L i || ISR
= =1+ - |- — | o = [ e e — - ] 4 - R =



T e

338)

AT

et B =) 4 ”— =

s R e I
i =

LU

= _ s Q. — e e

A | I ] 290 J
RS, . S, e

f [ By { -3 | . 1 LH =]
SR, (U —— SN o R = A= S

IT LRl 1
e HELs ]

I..— i e e N ey = ==




.||H e — ||._” e e | — e

PEO-5 +%1 "1

e —
ot

o e [ e e B [ T T, (ST

IE

i e .— i
g

B e g S S o e

AU I e P L




[
1
]
I
~ - e ..||H..!.||...|... —
1
1
1
1

—t —
1
i
|
i
— e — e e e

I
41 T
]
I

...I....|.~|.| - _ o i = ——e =

—SOuNs nnd l

I

= H [ = 3 I

S |.|.H|.|i.lll.

PEH L)L =H

[ Moyl
B S RN | CLS AR |
= R ), Qe S S|




| - [ s i = = | e == et [ — i
L Vs 1 [ I [ LHEITAH Oi=H
| . .H.i|....
| |
i |
[ Tt 31 1
i |
[ 1 CELTHN M 1
1 ; I HEL LT AT T
l 1 HEEL
t - [

Jrdrd
1 - [ #=t-—es e ] |

14 ] I
i =
| el
[
| oy s
| |
| | I O A e o e A A S I A DL 1 |
| o | 1 1 1 O LH]y 1 [TLETAZT ]
I [ I I [ T dEhIpeLs 1
| - |,_..I|. . |.|I~I..|I = Yo = -]——=- - .I._ PER—— . ....H
el LEdab K
M JA01=4 R
( B CT BBk iy

R IR | -

I e T




=
AL

1 ZTRRRL

HoOHLA

PP TIRELIE -

HE

H
=



— — —

13

bbb

ool il

171

LT

B g

£

RN

f

FILFL LLELA T ]

I..I||._. —
e gdy 1150

Bl
q

THA 1T
TLLTA AN
At

] ML=

LHIE

I

|

HLUl=H



— e e e — b

3 1 el e 1 e

T S—-

ﬁ B e T R |...Iﬂ.,|!. e

e M B [—- e —m e — - — ]

SgT=H

|
—
|
|
1
i
i
|
|
|
i
—
—_ - —
!
i
|
1
|
|
|
i
|
|

JO TR YT L LHTT AR HIE =

|
|
1
|
Ay
|
|
1
|
|
|
1
|
i
bt
|
|
|
|
|
i
|
|
i
|
i

BEARANEN S|

LTHA

4011 kL

— e bt s 4 b

— o —

—

.— —— e —
ST LS ===nm

I
=
L
[

bbbk
21 A7




TaElLE 17 GROSS HH'UHE TQBLES FOR LH I TELIOTH:S TYPE =II—-H
A L A BB e 3 SAMPLE S1ZE- (B
1.8 [FO0F STUMP 2.0 thth THF Dsheb.

EQUATION: % = BEICIE 1) (HHp 20
LML L
D=DIAMSTER OUTSIDE BHEE NF d.5 FLET
H=HE I[:H4T IH FEET 0OF HUWMBER 0OF LDGL--SEE BELOW--

BOARD FOOT “DLUNEM—~5THTIQTILQL SUMMARY

I _____________ I ______________ ] _________ 1,... ..______:[_._. - ._.__I ___________ I _________ 1' _________ I ___________ I
b STAMDARE 1T STRHDRRD 1 1 i M [ Bl i AGE 1 [ I 1
I DEVIATION T DEVIATION T Ex+2 I BIAs ) DEY 1 DIFF I Be I B I BZ [
oL UbeITSa T (Pl EMTY O [ [ (PERCEMTY 1 (PERCEMT) 1 I I 1
[-————— === [~ —— I——— - [~ [-—————————— = Jomm [ [—=-==2=-— 1
H=TOTAHL. HEIGHT ! LiEs [ 20.6% [ 911 LLEls T 14,592 [ -, 637 1. AGIE-AZT, 17FS4E+HA1 1. 211 3E+8T T
{—mmmmm = [~ [~ o ——— e R R = —— === [~ | —mpm—=—|
H=MERLCH HEIGHT 1 B I 13,14 [ LBER T logas 9.73 [ 1.7db [.219aE-a1] . 147BE+HB1 L. LanaE+Ha 1]
'_{ ___________ I ............... [ _________ I ____________ I ___________ I [———— = I _________ { ._”____._[
H=LOGE HEIGHT 1 1 1 1 [ i [ .FEEREHFAT . 1A7REHRIT 170 -EHa 1T
-~ ] Jrmm e —— J——— o [ J— = [-—————= | J———=— |
CUBIC FOOT %Ok 5—~9THTICTIEQL SUMMARY
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Appendix B

Distributions of Sample Trees

Mumbers ty height and diameter class by species

Average form class by helght and diameter class by
species.
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Appencdix C

Tree Volume Tables




11 s 'y e | 3 N

b (L foEvd gen Ron - O 5 25 :
LA GAR o gsl g3y SRR A5 RAF AT NS 28 Us BEZ B8] SR FE1 06 #D &t
o 2RG CRY SES 3 EZP 40 A IR 8 el Bl BIY 58 85 SE at

AUl T Falad R O nby Y9 BT WD Skl 0o vl e " = (10 Ol
' | ) Sl ERF LS 5ogad o i 8 P | b= Pt O 1 "y [+~

o 21 e !
pate ] &5 Bz 12 L
Y Bl

S i = P
E o | A
La (= (253 e 2 [R=2 ] bl <
=5 4 o | <1 = 5
[ & 2 i Fii b
. e i S [T ] [ T
L P i %

AT SHE AL T




A

r

L o— I m

ST IR =t . Wbt L ] T B

L] i ! ! e | 1 (&1 ! 5T, 17 1
L3 | | : 1=l | 30 E I 2y 4
o ] il '.' 1 } w1
: [ 1.1 ] { iTe ] | A
! it Wi 1 . W 1
] 1 -l'_-l ] 1 |
4 ‘ L I 1} i | g ] b IO [ fr ! ! ] |
[} J 1 uffh : ' | - o L. ."J 7 ] I|I_| 1 1 l \
i3 1 151 2103 ' ] | i | b I VI [ER I t
ol b I 0L e O o (R e | L & R 1 |
R [ il Y ] I ot 1=y | L ' !
| ) 1 H o 4 R T Taia TR !
s S} 1 I B S 1= A T 1230 | | | i s
11 3 1HLD 3 1 p 1 | i & = 1% =
1 i 1 - 1o i =) i ] 1 i 1 a 11
‘l 1 1. 1 1 1 1
. L (R LR % | : : AL o -

i SH WD Mhm LR 1TE IRET lueg 3 —_ LIPS G o T 1 F I R W


http:1:.If,.,':

ei-! Gt | SLIEN SN | =D L2 51T wHl | = ' S =1
IRt b2 S ¥ A i L g €5 L3t i I
T b [t e i 5 s ! =i

I vl f. } » | el L \ 1= |

| iR 14 B! =8 g [ ik P 5] i ol ¥,
ey g | iid i " o 5 Y {1 11 <

I b (RS =5 1= t (S 1 Hr 3

p b I 5 1t r 15 e e 11 i =
e 4 g i (=) (= zr 27 7 | T A i
el = ) B2 e z | e L | o £ B
1y i Wik et | e 4 =} i1 o S E i
[ % ar | o G Vo I o1 11 4 ¥ £ i
I ! " E 2 v (e 7 Lyl bl | LI i 2 5 7 o (1158
ik 3 % M o ] ! ) 7 I H
" ; EF LR [ o A = S i I g
i ! e 3 ol ) : | EX | g
R Rt S B I : _ = m & _
X g I i g “ _ i £ g ¢ z - I

T R T S L N LN S C LS B 08 | g EN IS I {4 £ iy i : |t
A AN N T I AR {




R IE

1k

)

(]

L

- , [ —
| = L
i
Py
}
L8]]
1
iy o
-l
— = - -- -
E 3
¢ [ T
“ - — i
= — — I
.- T b
— 1
ql - 3
]
..... 1
8 = =
—_—t— —

s



g A&l O3

_-”_n. L
18t
a3 il 1
=zl (BN

Oy o [ PR S 11 B LN (=0 A P S A [ e @2 (53
e




1

L i 3 ! 5 7 | H gl 1 e 14} 15

s : 2 E ] 0 (4 13 1 |3 : [ .

(! | e 7 - b m |1 15 141 | ' 24 a 1
I'r | = | i 1k I 1- i ih 3} ) f jeln r) 1 -~
1= ' ; | i o 1+ |2 14 ift Tt i & I i 3 i 42 A
] = ] i i o e 1<} s

¥ ; 11 v 21

age] = i 13 14 4

| . i i - | < B =

. - - _ - 5 e

b 2 [ Ly g s 5 ™3
5 ! L 1a 1 21 S0
i I il 5 =54 [
I £ |11 i - = i3 50 = T b= 955 i 115 | 15

fis \ I %] | . 1! S 9 ' () VEILT 111 P i | | | #Ey I

= . | A il Y ! e g 7l i bite® [i212 I 2 [ It bol

| i T ’ 1 : a7 ] el “l }LES | b5 1 111 [ 1) (B2

by 'S ) 3 1 1 i ; el (AR o 136 by et 3= bUE 212 &7






