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Foreword

ENFOR is the acronym for the Canadian govern-
ment’s Energy from the FORest (ENergie de la
FORE&t) program of research and development
aimed at securing the knowledge and technical
competence to facilitate in the medium to long
term a greatly increased contribution from forest
biomass to our nation’s primary energy produc-
tion. This program is part of a much larger federal
government initiative to promote the develop-
ment and use of renewable energy as a means of
reducing dependence on petroleum and other
nonrenewable energy sources.

The Canadian Forestry Service (CFS) adminis-
ters the ENFOR Biomass Production program
component which deals with such forest-oriented
subjects as inventory, harvesting technology,
silviculture, and environmental impacts. (The
other component, Biomass Conversion, deals
with the technology of converting biomass to
energy or fuels, and is administered by the
Renewable Energy Branch of the Department of

Energy, Mines and Resources.) Most Biomass
Production projects, although developed by CFS
scientists in the light of ENFOR program
objectives, are carried out under contract by
forestry consultants and research specialists.
Contractors are selected in accordance with sci-
ence procurement tendering procedures of the
Department of Supply and Services. For further
information on the ENFOR Biomass Production
program, contact:

ENFOR Secretariat

Canadian Forestry Service
Department of the Environment
Ottawa, Ontario

KIA 1G5

This report is based on ENFOR projects P-141
and P-246, carried out under contract (DSS File
No. 05SB.KL017-9-1150 and DSS File No.
04SB.KH603-2-0020) by Nawitka Renewable
Resource Consultants Ltd., Victoria, B.C.



Abstract

Metric weight tables, by component, are present-
ed for the four major tree species in the Yukon
Territory. Weight by component is shown as a
function of diameter and height. The equation
form for white spruce, black spruce, lodgepole
pine and trembling aspenis: y =a+ bD?H + e

Résumé

On donne les tables de masse en unités métriques
de chaque élément constitutif des arbres des
quatre principales essences du Yukon. La masse
de chaque élément est donnée comme une fonc-
tion du diameétre et de la hauteur. La forme géné-
rale de I’équation pour I’épinette blanche, 1’épi-
nette noire, le pin tordu et le peuplier faux-
tremble est la suivante: y =a + bD?H + e
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Introduction

The Canadian Forestry Service, through its
ENergy from the FORest (ENFOR) program,
funded a study of tree component weights in the
Yukon Territory. The study, conducted by Na-
witka Renewable Resource Consultants, over
the period 1980 to 1982, was designed to permit
the conversion of volume-based forest inventory
to weight-based total biomass inventory which
could then be used to assess biomass energy
potential in the Yukon. A secondary use of the
data was to provide estimates of slash loading or
fire hazard following logging, blowdown, or
insect attack.

The most useful way to present weight data accu-
rately to all users is through weight tables. A
number of these have been developed for various
species and purposes across North America e.g.,
Clark 1982, Saucier and Boyd 1982, Singh 1982
and Young et al. 1980. Our presentation follows
the pattern developed in these reports.

Methods

Sampling

Between 1980 and 1982, 368 white spruce (Picea
glauca (Moench) Voss), 302 black spruce (Picea
mariana (Mill) B.S.P.), 149 lodgepole pine
(Pinus contorta Dougl.), and 201 trembling aspen
(Populus tremuloides Michx.) were destructively
sampled. These samples were taken on 111 ran-
domly selected plots located in the accessible por-
tions of the Yukon in ecoregions 2, 4, 5, 8,9, 11,
and 12 (Oswald and Senyk 1977). Samples were
taken in ecoregion 1 which were accessible only
by air. Sample tree allocations by species and size
class was based on the reconnaissance inventory
of Gairns (1968), within the methodological
framework of Young (1976). Sample locations
and distributions are shown in Appendix A.

Measurements

Field and laboratory procedures generally fol-
lowed those outlined in Alemdag (1980) and Ker
(1980). In brief, they were as follows.

Basic tree data were collected on each sample
tree prior to destructive sampling. Important
data were species, diameter breast height (1.3 m
to nearest 0.1 cm), total tree height (including
stump to nearest 1.0 cm), crown width (to near-
est 0.1 m), crown length (to nearest 1.0 cm),
cover type, and crown class.

Stem data were collected from each selected tree
in the following manner. After each sample tree
was selected, felled and delimbed, sample sec-
tions were cut from the stem between stump
height and dbh, and at intervals of 2.0 m starting
at dbh. The fresh weight of each stem section was
obtained as below.

a. Sections less than 60 cm diameter small end
1. Each section was weighed.

2. A disc (2.0-2.5 cm thick) was cut from
the small end of the section. Bark and
wood were separated, weighed, and
weights recorded for each disc.

b. Sections with greater than 60 cm diameter
small end

1. Volume was calculated by Smalian’s
Formula

V = h(Ab + Au)/2

where
V = volume (m3)
h = height of section (m)

Au = area, inside bark, of upper cross
section (m2)
Ab = same for lower cross sections

2. A sample disc was cut from the smallend
of the section. In extremely large pieces,
a wedge was taken from this. Green
weight of this disc or segment was taken,
following removal of bark. The weight of
bark was taken. Volume of the disc or
segment, and bark was determined as
per TAPPI standard T18m-53. The
green weight-volume ratio was applied
to the whole section (with bark and with-
out bark) and recorded. The disc and



bark were transported to the lab for dry
weight determination.

Stump

A disc (2.0-2.5 cm thick) was removed from
the top of the stump. Bark and wood were
separated and weighed, and weights were
recorded for each disc.

General

Fresh weights of wood and bark for each disc
or segment were determined at a field lab
within 24 hours of cutting. Each disc was
identified by tree number and disc number,
and at the end of each week, all discs were
brought to the main lab for drying and subse-
quent weighing.

Crown data were taken from selected sample
trees following felling, bucking, and
delimbing. The fresh weights were taken as
below.

Softwood

The proportions of foliage, wood, and bark
in a softwood branch vary with the species
and with the size and relative position of the
branch, as well as site and stand conditions.
This variation is a source of potential bias in
the estimation of crown dry weights, in view
of (1) the need for some kind of subsampling
system, (2) the low precision associated with
small sample sizes, and (3) the practical diffi-
culties involved in constructing efficient, un-
biased sampling frames for crown weight
estimation. The crown sampling methods
used in this study attempted to reduce bias
by taking branch size into account.

All live branches were sorted into three
groups: (1) those with basal diameter (d)
greater than 2.5 cm (measured 3 c¢cm from
the base of the branch), (2) those with basal
diameter 0.5-2.5 cm, and (3) those with
basal diameter less than 0.5 cm. The total
green weight of each of the group was taken
and recorded. The total weight of dead
branches (all sizes) was also taken and
recorded.
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In addition, two branches were randomly
selected from each of the three branch size
classes from each tree to provide data for esti-
mation of dry crown component weights.
These branches were flagged prior to
delimbing. The fresh weight of each of the
sample branches was obtained in the field
and the sample branches were bagged, la-
belled, and brought into the main lab for
drying.

b. Trembling aspen

Hardwood crowns were cut into sections less
than 2 m long and then sorted into the fol-
lowing size classes according to the mid-
diameter of the section: less than 2 cm (in-
cluding all foliage), 2-6 cm, 6-10 cm, and
greater than 10 cm. The total weight of mate-
rial in each of these size classes was obtained
in the field laboratory and recorded.

Samples were taken from each size class for
each tree as follows: two branches were ran-
domly selected from each class for estimation
of the proportions of foliage and moisture.
These samples were weighed in the field and
brought back to the main lab for drying. For
each size class, only the total weight of the
sample was recorded.

Dry weight measurements were made for all
samples at the B.C. Research laboratory in Van-
couver. All disc and branch samples were trans-
ported to B.C. Research and dried in ovens at
105°C for at least 24 hours. Some of the larger
discs required up to 45 hours, depending on the
size of the disc.

Dry weights of stem disc samples were recorded.
Softwood foliage was separated from twigs after
drying, by hand, and then weighed separately.
Dry softwood branch and foliage weight data
were recorded.

Foliage of hardwood branch samples was separat-
ed by hand after drying and then weighed. The
total dry weight of foliage and branch was
recorded.

Total component dry weights were calculated
using the field and laboratory measurements,
and the appropriately derived ratios for green



weight/oven-dry weight, bark/wood, and fo-
liage/wood. Inspection of the data revealed that
foliage and twigs (less than 0.5 cm) should be
combined and that all branches should also be
combined for softwoods and that all branches,
twigs, and foliage should be combined for trem-
bling aspen. These combinations reduced the ex-
treme variability found in the separate data sets.

Calculations

Green and dry weight equations were calculated
for each species and component. Two equation
forms were initially fitted:
a. The allometric form:
Iny = Ina + blnx + Ine
b. Thelinear form:
y=a+bx+e
where y = component weight
x = D2H
a+b are the regression coefficients

e is the error

Because additivity of components was required
for the National Biomass Inventory, the allomet-
ric form was rejected (Kozak 1970). The second
model does provide additivity, and was found to
provide unbiased estimates by Crow and Laidly
(1980) and Jacobs and Monteith (1981). How-
ever, in the present case, this model did not pro-
vide a good fit of the data, as determined by in-

! Air dry weight of dead branches was considered a component of
both green (field) and the dry (oven-dry) weight series. The air dry
dead branches were not sampled for oven-drying.

spection of the residuals. This conclusion paral-
lels the findings of Evert (1983) for trembling
aspen. As a result, weighted least squares were
used to calculate the equations, following the
technique described by Schreuder and Swank
(1973) and Lavigne (1982), weights being based
on the term D2H.

Equations for the following components, by
species, were fitted using least squares
regression:

a. Softwood weights (green and dry)

Weight of stem inside bark

Weight of stem bark

Weight of branches (greater than 0.5 cm)
Weight of twigs (less than 0.5 cm) and
foliage

Weight of dead branches!

Total weight of tree
b. Trembling aspen weights (green and dry)
Weight of stem inside bark

Weight of stem bark
Weight of branches, twigs, and foliage

Total weight of tree

Results

Metric weight tables, by species, component,
total tree weight, green, and dry, are shown in
Appendix B. For each species, the range of the
basic data is indicated by the shaded area on the
initial table.
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Table A2. Yukon Biomass Project
Plot/Tree Locations

Plot Eco- Kilometre Magnetic Tree
Number Region Road Mark Bearing Numbers
320 2 Alaska 1050.1 220° 1-13, 66 & 67
321 2 Alaska 1050.1 20° 14-23, 91-95
324 2 Old Alaska 1031.5 220°* 24-36
305 2 Alaska 1102.5 330° 37-53
P6 2 Alaska 1113.6 120° 54, 79-90
317 2 Alaska 1058.55 308° 55-65
316 2 Alaska 1064.15 346° 68-78
X-1 2 Alaska 1098.0 160° 96-102
297 2 Alaska 1118.7 104° 103-106
PS5 2 Alaska 1135.1 120° 107-110, 115-125
289 2 Alaska 1139.0 352° 111-114
287 2 Alaska 1140.0 164° 126-128
286 4 Alaska 1140.3 10° 129-134
283 4 Alaska 1147.4 290° 135-152
282 4 Alaska 1157.0 160° 153-171
P3 4 Alaska 1175.8 166° 172-185
276 4 Alaska 1175.8 332° 186-188
X-2 4 Alaska 1162.0 336° 189-198, 229-235
X-3 4 Alaska 1177.0 160° 199-209, 236-245
X-4 4 Alaska 1178.0 150° 210-214, 250-260
P4 4 Alaska 1171.0 110° 215-228
279 4 Alaska 1168.8 102° 246-249
238 5 Alaska 1258.3 27° 261-280
218 5 Alaska 1312.7 34° 281-296
214 5 Alaska 1319.2 193° 297-300
206 5 Alaska 1353.5 132° 301-310
203 S Alaska 1356.0 158° 311-316, 339-346
202 5 Alaska 1357.1 240° 317-325, 351-357
201 5 Alaska 1357.55 287° 326-330, 347-350
& 358-363
214 5 Alaska 1319.2 193° 331-338
191 5 Alaska 1408.0 20° 364-377, 391-397
182 5 Alaska 1430.8 336° 378-382, 398-400
180 5 Alaska 1432.6 320° 383-390
151 8 Alaska 1562.1 335° 401-409
137 8 Alaska 1588.3 170° 410-421
129 8 Alaska 1614.9 158° 422-428
128 8 Alaska 1620.0 145° 429-442
72 8 Alaska 1775.7 210° 443-451
60 8 Alaska 1818.4 222° 452-465
54 8 Alaska 1831.6 180° 466-474
50 8 Alaska 1842.1 200° 475-493
47 8 Alaska 1848.3 200° 494-508

*

bend part way down hill, right side facing north
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Table A2. (Cont’d)
Plot Eco- Kilometre Magnetic Tree
Number Region Road Mark Bearing Numbers
28 9 Alaska 1885.1 232° 509-519
20 9 Alaska 1904.9 48° 520-522
P2 9 Alaska 1910.0 200° 523-533
15 9 Alaska 1915.6 240° 534-539
P1 9 Alaska 1937.5 90° 540-550
9 9 Alaska 1951.0 332° 551-560
7 9 Alaska 1953.6 338° 561-570, 574-588
4 9 Alaska 1957.7 220° 571-573, 589-614
K1 12 Klondike 386.0 64° 615-622
K2 12 Klondike 397.5 360° 623-635
K3 12 Klondike 406.0 20° 636-646
K4 12 Klondike 416.0 194° 647-668
K5 12 Klondike 452.0 - 302° 669-678
K6 12 Klondike 473.9 22° 679-698
K7 12 Klondike 488.7 102° 699-734
K8 12 Klondike 498.0 15° 735-751
K9 12 Klondike 498.1 203° 752-759
K10 12 Mayo 2.75 118° 760-766
K11 11 Klondike 584.0 214° 767-784
K12 11 Klondike 584.5 18° 785-808
K13 11 Klondike 595.0 315° 809-820
K14 11 Klondike 602.4 240° 821-834
K14A 11 Klondike 603.3 * 835-851
K18 11 Klondike 672.9 334° 852-858
K15 11 Klondike 657.5 160° 859-876
K16 11 Klondike 665.4 197° 877-888
K17 11 Klondike 665.4 320° 889-900
R-1 2 Robert Campbell + 170.0 320%* 901-903
R-2 2 Robert Campbell 166.55 24° 904-909
R-3 2 Robert Campbell 160.55 210° 910-911
R-4 2 Robert Campbell 153.15 30° 912-917
R-5 2 Robert Campbell 120.9 42° 918-921
R-6 2 Robert Campbell 108.75 80° 922-926
R-7 2 Robert Campbell 95.10 264° 927-933
R-8 2 Robert Campbell 63.60 228° 934-943
R-9 2 Robert Campbell 42.2 125° 944-947
R-10 2 Robert Campbell 33.8 74° 948-950, 1019-1020

*

*k

south bank of Money Cr., below clearing

right or east side of road, facing north.



Table A2 (cont’d)

17

Plot

Eco- Tree
Number Region Geographic Description Numbers
Upper Toobally Lake Narrows West Side,
Upper Traverse:
F22 1 Station 1 951-953
F23 1 Station 2 954-956
F24 1 Station 3 957-958
Lower Traverse:
F19 1 Station 1 959-962
F20 1 Station 2 963-964
F21 1 Station 3 965-966
East Side,
Lower Traverse:
F16 1 Station 1 967-968
F17 1 Station 2 969-970
F18 1 Station 3 971
Upper Traverse:
F13 1 Station 1 972-973
F14 1 Station 2 974-975
F15 1 Station 3 976
Rock River at Camp Creek, East Side,
Lower Traverse:
F4 1 Station 1 977-979
F5 1 Station 2 980-981
F6 1 Station 3 982-983
Upper Traverse:
F1 1 Station 1 984-985
F2 1 Station 2 986-987
F3 1 Station 3 988-989
West Side,
Upper Traverse:
F10 1 Station 1 990-991
F11 1 Station 2 992-993
F12 1 Station 3 994-995
Lower Traverse:
F7 1 Station 1 996-997
F8 1 Station 2 998-999
F9 1 Station 3 1000-1001
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Table A2 (cont’d)

Plot Eco- Tree
Number Region Geographic Description Numbers

Beaver River at Larsen Creek Island, West Side,
Lower Traverse:

F29 1 Station 1 1002-1004
F30 1 Station 2 1005-1006
F31 1 Station 3 1007-1008
F32 1 Station 4 1009-1010
Upper Traverse:

F25 1 Station 1 1011-1012
F26 1 Station 2 1013

F27 1 Station 3 1014-1015
F28 1 Station 4 1016-1018
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Appendix B



20

991L°1 = d4dS CEL6'0 = Y

00
H=AdZ0v70°0 + 95690 = E >>>>O

“B1RPp 2I1SBQ JO 98ULI 91BIPUI S2INSI) PISO[OUY “MyIBq OPISINO (S211WIIUD) 1YY JSealq B JojoweIp st Hgd
‘(senjow) 1yS1oy 9911 1 umoys 1YSIOH " (SWeISo[1y) N1eq 9pIsul poom 9[0q Jo 1YS1om [B10] SMOYS S]qe],
"UOYN & 2Y) JO SUOIIBIO[ 2[qISSAIIL Ul S9211 §9¢ JO urdwes 9A1ONISIP Aq Pa1dd[[0d BIB(]

L098C TOILT 9¢
1°099C 1°0¢ST  T08¢C  T0ObCT 12
L99%T O0'LEET TLOTT v'LLOT  9'LY6I 49
L'08CC L09IC LOKOC ~L0OT6T L0081 L0891  L09SI 0S
6'10IC  P'1661 80881 TOLLL 96591 06vSI  ¥'8EVI 8y
S'0€61 68781 PLCLT 86T TveSl  9Tevl  TICET  S'61CT 9or
€99/41 welol - G ORST S/R%] ¢ 9ik6ET. L T0EL  88ACL 8'STIT  06C01 124
$°6091 [ 8HEST  H0pPT = FCGETRIOLE] - SO s TN BOIOT: 60°CL6 rLy8 44
6'65v1 §EC8El €908 - C6gel e LESIT . 6 GL0L (11666 €76 0S°S¥8 0L°89L 067169 oy
9LIET  €8¥T1 _ LI 60N ia0vils L6 8106 b'ces €1°€9L 8°€69  0SPC9  61°6SS 8¢
9°C8IT  $'0TIT  T8SOI 0966 8°€€6 9°1L8 7608 G LEL 86789 8L°CCY9 LS09S 9€86Y S19tv 9¢
$'666 0'vP6 $'888 0°€€e8 SLLL 0ceL 91999 90°119 8S°CSS  60°00S 09vvy I1°68¢ T9EEE 143
$°S88 £9¢8 LS 0°8¢L 8889 L 089 $06S LETPS ey 90°evy  16°€6€  9LvPE  19°S6C €
€8LL 1°S€L 6169 L'8Y9 €509 £iaos 1'61S 06°SLY 0LCEY  0S°68€ 0€9PE  01°€0E  066ST o€
$°0t9 8'209 595 S LaS 6'68% €SP SOviy T0°LLE  8E6EE  SLIOE  TIV9T  6V'9TC 8¢
6615 v'L8Y 0SS Sy 1°06€ CILSE SIECCEEE COOR S E0I €8°L(C 8E'S61 9C
1324 14344 8°L8€ 1'09¢ §ee 8'v0¢ 81°'LLC ¢€S6vc 881cc ¢tcvel 85991  +6'8¢El 144
yTLe [4143 6°SC¢ L'T0¢ S6LT 5G9~ dUiEsc ERBOIGRELE DS O 2Ol oi0mle: 98°911  (9°€6 44
L'88¢ §69¢ £€'0S¢ 1'1€¢ 06'11¢ Lol n0S T e 0EmST " OIRCH] -6 THEE 0L°96 0S°LL  0€'8S 0¢
P81¢ 6°¢0¢ €L81 LETEN e 95 P9H0ple ARESEl - 96601 & 076 9%'8L 0679 SELY 81
8yl 98°Gtl 8GREel . So Gl 0066 12798 (4875 179 S86pk 96°LE  LTST 91
81101 8LY6 LESS 96°SL S5 99 vI°LS YL LY €€8¢  T68C 1S761 14!
€L9L 7869 0679 66°SS 80°61 L1'Ty DaSs PE8C  EPIC  TSPI 4!
0L'8¥ 06'ty 0l'e6¢ 0€ve 05°6¢ 0Lvc 0661 OI'ST  0€0I1 oI
y€8C LTST 0Tee €16l 9091 36iCT 16i6 $8°9 8
6L'C1 90°I1 PE6 0L 88°C SI'y 9
1494 L€ 00°¢ (L 14

(WO)Had

8¢ 9¢ 143 43 0¢ 8C 9¢ 144 Ce 0t 81 91 14! 4 01 8 9 ¥ (W) LIHDIFH

(SWVIOOT) AAVE dAISNI WALS 40 LHOIAM
AYOLIYYdL NOJNA
(SHOV T1V) d0NUdS JLIHM ¥0d4 dTdVL LHDIIM NII¥D '14d714VL



21

6°€9Y
vy
['00t
6°69¢
6°0v¢
e Ee
$'98¢
1'19¢
6'9¢€C
8'¢€IC
6’161

8¢

S6cy
L'80%
06LE
0S¢
0ieee
L96¢
SHLLE
V'LYC
P vee
9'c0C
8181
ol
8'evl
¥'9C1

9¢

098¢
0'8S¢
QS
[°S0¢
08T
$95¢C
LEEe
Qiclic
16l
8ILI
Cesl
8'G¢E1
yell
0¥01

123

£'¢9¢
6'9¢¢
ORLLE
C'L8T
8°€9C
Sl
6061C
S661
1081
1
(424!
8°LTl
48!
6'L6

Sv8

1°CL

909

[43

6°SI¢
|44
'69C
€Lt
S9ee
90¢
1'L81
6'891
QST
£ CEl
6611
¥S0l1
816

oL

9.9

8'9¢

0Ly

0€

LTLT
€'16C
8'0€¢
6 T
STo1
9YLI
9°LS1
SIvl
FOC]
6111
786
LS8
0L
[E9
€S
6y
9°6¢

8C

Tese
2214
12414
961
8°8LI
CCol
Povl
PIEl
£ LLI
6°€01
¥'16
9i6L
L'89
9°8¢
£'ov
8'0v
ree

9¢

8€€S°0 = ddS

HzAd068€00°0 + 60S€°0 =

6L06'0 = ¥

jreq

MD

"B1RP JISkq JO d3URI 31BIIPUI SAINFI] PISO[OUT "YIBq IPISINO (S2113WUD) 1YSIay 1Sealq je 1919wWelp st Hq
S(sanaw) 1Yy319y 9211 st umoys 1YSIaY " (SweIdory) yieq 9[0q JO 1Y3iom [B101 SMOYS 3[qe],
‘uoyn A 21 JO SUONEIO0] 3[QISSAVIL Ul 3211 §9¢ JO Fuldwies SANINNSIP AQ PI1IJ[[0J Bl

6°L61
1181
07591
Lévl
¢ Gl
€ ICl
€801
096
a2
S oL
S€9
I'¥S
S'Sy
L'LE
9°0¢
€ve

14

(SWVIDHOT) Advd J0 LHOIIM
AYOLIMYAL NOJINA
(S4OV T1V) d0N¥dS ALIHM ¥0d 414V LHOIIM NIgYD '7d 414V.L

€0°991
1€71ST
8TLEL
€6°€Cl
9C | EL
8C°66
86°L8
LELL
SY'L9
0T'8S
So'6¥
Lk
8Sp¢E
80°8¢C
9c°ce
[AWA¢
L9CI

(44

6S°LET
€8Tl
69°CI1
81101
6C°06
008
LEOL
SCalD
P6°CS
9ISy
10°8¢
L¥'1€
98:5C
LT0t
09°S1
SSTI
€18

0C

8¢€°CII
9%°101
01°16
6T 18
S0°CL

D)
SCSS
89°Ly
89°0%
yove
9¢°8C
P0°€C
8¢8I
LOYI
£v0l1
SEiL

34

81

€2°06
1018
0€CL
80'%9
LE9S
4
{3 A4 4
079¢
8¥°0¢€
ST St
(A1
8C91
Sl
1€°6

LS9

ey

91

€6°0L
LE°€9
c19s
LE6Y
SOy
LT'LE
CllE
EL9¢
¥ilied
00°81
6CvI
€011
618

08°S

¥8'¢

16C

4!

[Evs
SI'8y
9e'TY
$6°9¢
16°1¢
yTLT
¥6°CC
061
8¥°GI1
0€°CI
05°6
LOFL
'S
pe'e
€0'C

4!

9L°TC
8161
16°S1
96°CI
1€°0I
86°L
S6°S
vy
¥8'C
SL'T
L6°0

01

ISl
08°CI
£r°01
e
Sv'9
€8y
ki€
PeT
Lyl
$8°0

69°6
16°L
€€9
(X4
ILe
69°C
S8'1
601
Lo

9

(X4
ov'¢
65°C
16'1
Se'l
160
090

4

9s
12
(43
0s
14
9
147
(44
(014
8¢
9¢
143
[43
0¢
8T
9¢
144
(44
0t
81
91
14!
4!
01
8

9

4

(WO)Hgd
(W) LHOIdH



22

S6£L°0 = ddS 08090

zd

a1
330

Il

H=Ad¥1200°0 + S66+°0

‘B1BP JISBQ JO 93url 91BdIpUIl S3INSIJ PASOOU “NIeq dpISINO (S2119WUd) 1YSFIdy 1Seaiq 1 13jowelp st Hgq
((san12w) 1y31ay 9311 St umoys 1YSIoH “(Sweido[1y) sayouerliq Jo J1Y3iom [B10] SMOYS d]qe ],
“uoyn A dYy) JO SUOIIBIO] J[qISSAIOL Ul $331) §9¢ JO Fuljdues dA110NIISIP AQ PIJIJ[0D vIB(]

IS YA 4 44 9s
9°LEC  T1'STC  LTit  T00T 14
P'0CC  880C TL6T  LS8T  T'vLI (43
a0 EGlpaR A 0191  €0ST 9'6f1 0s
L8 (IS RO RSSE I '8V  9'8€T  L'8TI 8y
OicE]l S ROl sl € ocT €°LTT T8IT 7601 9%
o LS] o D6hlE Rl IR eT s Qe c] SO E R0k 6°66 $9°16 124
6'¢vl L 9Cl aRERel e el LGl S COUT 086 I'16 gseg  009L (47
9'0ci (Biedl 6IONIEERIBOTT = @80l 796 S'68 LT8 €8°6L 8689 €179 oy
6°LIT LTIT 9601 ¥'66 cto 08 808 I'vL 8%'89 0€T9 TI9S  tv6'6v 8¢
6'S0I €000 8'%6 68 L'€E8 3L 9=a) i) IS 15 = LoISS a0 (8 vy  €€°6¢ 9¢
9'68 9'v8 161 L'yL 869 819 6°6S oS 866k  €0'SP 800K €1'SE 61°0¢ 149
y6L 0°SL 9°0L €99 619 SiLS |frse ILgy e e iRGi6E i 0CIeE 81°1¢  08'9C (49
869 099 129 €8¢ 1429 9°0¢ L'9% 8 apdiior RS g OV’ LT 19°€C 0¢
S'LS rs 8°0¢ Sily I'vy 8'0% i fe OO0 e 66'CC  £€9°0C 8C
897 6'ty 01y 1°8¢ GiSiE GG RO IS D UESOINe S 0C  98°L1 9t
6'6¢ SHLE, 0S¢ Siot 1og @ofe SIS e VI aRCaeEE D T 6T ST €8°C1 144
9°¢e 9°1¢ St LT 14T 6aEe. wdia e enliohs 0T - OUESTS - doidl: 98°01  6L°8 (44
9t St 8T 0'1¢ S8 01 EON Gl B0 ST ol sy gliees i 0T 90°6 S€L  ¥9°¢ 0¢

661 S8l 'Ll SLsle Lerl 86T Tl 68l - S GO 2 3R L 09 99% 81

9°¢l SWARE L e L1 LO’L 86°S 88v 6L€ 69T 91

€L°6 688 S0'8 lifgyE LED RS 69'% 98¢ T0t 8IT 4t

8C'L 999 S09 (s 18" 0Ty 8¢°¢ 9%°C S€CT €Ll 4t

8LV 4 W't 0¢°¢ LOE ¥9°¢C G OC'| 01

96°C 69°C (44 144 L8] QDR mEE s CO'1 8

851 Wl LTl Clid - :96:0" " 180 9

$8°0 LL'0 SROEGRROH) 14

(WO)Hdda
8¢ 9¢ 43 4 0¢ 8¢ 9¢ 144 [44 0¢ 81 91 14! ¢l 01 8 9 ¥ (W) LHDIGH

(SAVIADOTI) STIHONVYEL 40 LHOIAM
AYOLIYYdL NOMNA
(SADV T1V) d0N¥dS dLIHM ¥dOd dTdVL LHOIAM NII¥D €4 d714VL



23

L°6€9
6165
8°16¢
v0I1S
S0LY
giceh
LiS6E
L709¢
yLee
L'S6C
9°69C

8¢

1909
L'€9S
6'CCS
9'¢8p
6°ShP
9°60%
0 SLE
6 1€
€i01E
08¢
L1ST
Lvee
€661
ySLl

9¢

gees
0'v6v
695t
(Al
0°L8¢
£pS¢
0°€ce
[°€6C
89T
8'LEC
yCie
P'881
8691
Lypl1

143

£'10$
0°S9¢%
['oey
$96¢
AL
Siget
['+0¢
09L¢
g'ove
0'¥CC
0°00¢
vLLT
CI9SI
£9¢l
8'LIT
L001
0°¢8

(43

1'9¢p
P 0y
6'1LE
L'1ve
8°CIE
¢ S8¢
6°8SC
6 EEC
1'ore
9 L8]
SOl
9911
GGl
9011
9'v6

8°6L

€99

0¢

99LE
Lyt
I'61¢
1°26C
799¢
8 11¢
y81¢
96l
& Shil
S sSil
69¢1
Soll
¥ €01
P88

vl

079

9°0¢

8¢

6°6v¢
9tee
¥'96¢
17 |17
S'Lye
L e
0°¢0t
P8l
[
Syl
il
G LTI
196

e

¥69

LS

Ly

9¢

8'¢€LT
L0ST
9:8¢¢C
S'L0T
S'L81
S'891
S0st
wihe |
LiLLT
801
6°88
159
Y9
SHES
Ley
0°¢g€

144

£€661°C = ddS

HzdS€S00°0 + 9€01°C =

6£7S°0 =2

[04L

MD

"BIBP dISkq JO dFuel 91rdIpuUl SAINJIJ PISO[OUY “YI1BQ IPISINO (S2119WI1U3D) Y319y 1SLalq 1B I9123WeIp st Hgq
{(sanaw) 1y31ay 9911 st umoys 1YSIaY *(swel3o[iy) a8ei[0] pue s3im] JO 1431om [B10]1 SMOYS Qe
‘uoyn A 3yl Jo SUOIEBIO[ 2qISSAIIL Ul S3311 89¢ Jo Suljdwes dA11001Sap £q PaId[[0d BIR(

L6°6TC
€L°60C
061
90°CLT
POPSI1
LI8E]
GEECT
€0°801
8¢¥6
L9°18
0669
LO6S
86y
Yoy
yoce
L1°SC
S0'61

(44

$8°061
0¢° €Ll
19°9¢1
8L°0¥1
08°ScI
LI L
0¥'86
66°S8
PP vL
LTS
68°¢S
061
LL9¢
0§°6¢
80°¢€C
IS°L1
08°¢CI

0¢

81961
9I'I¥I1
16:9¢l
v el
¢L00T1
LL'88
09°LL
0T’L9
LS LS
L8y
9°0%
56 66
9L 9¢C
86°0¢
L6°ST
eL 1l
LT8

81

1L°6T1
YO €Il
90°101
9L°68
v1'6L
1T°69
L6°6S
Iy 1S
(3% 4
REi9E
$8°6¢C
vt
8881
eyl
99°01
8S°L

91

L1°66
69'88
08'8L
15769
£8°09
LTS
SEisy
9¢°8¢
90°Ce
LEDC
8C'IC
8L91
68°CI
6S°6

069

08y

14!

(SWVIOOT) d9VITOd ANV SDIML A0 LHOIIM

AdOLIMYdL NOMNA
(S4OV T1V) 9D0N¥dS ALIHM ¥Od dT4VL LHOIdM NAddD

cE9L
S8°L9
88°6S
s
0S°Sy
806€ T6'CE
81°€€  008¢
8L°LT 0S°€C
16¢C .. w6l
vs 81« 08 Gl
691 6S el
SE Il 86
(4] SY'L
[¢9 a5
wy €0y
96'C
4! 01
vd 414VL

[4: X 44
el
L6'ST
90°¢l
6v°01
LT8
8¢9
v8Y
S9iE
6L°C

1404
0s°¢l
(4N
0or'8
€LY
L
9I'y
9c e
(@

8S°L
0€9
61°S
Yoy
Ly'€
L8 ¢
Sv'e

14

9¢
123
[49
0$
8y
9
147
[47
oy
8¢
9¢
123
[49
0¢
8¢
9¢
144
[44
0t
81
91
4!
4!
01
8

9

14

(WO)H4d
(W) LHOIdH



24

0v8%°0 = ddS 9L0¥'0 = ¥

2]
P Q>>

H=d€6000°0 + ¥S80°0 = D

"BIEP OISkq JO 98URI 91BOIPUI $2INT1J PISO[OUY NIBQq IPISINO (SAI2WIUAD) JYSIay 1sealq J& J9jawelp st Y
¢(seanow) 1ydiay 2313 S1 umoys Y310y "(Sweido[iy) sayouelq peap Jo 1ySiom [B10] SMOYS 9[qB L
‘uodn A 9Y) JO SUOIILIO[ 2qISSIIOE Ul S92} §9¢ JO Surjdues 9A11ONIISAP £q PaId[[0d BIB(]

O°TIT TS0l 9¢
e0lr  8L6 ¥te  0L8 123
LiS6 L06 LS8 908 9¢L [43
$'88 6°¢8 ¢6L  9vL 669 €59 909 0S
918 el 0¢€L L8 vv9 109 66 8y
6'vL 0 1L ASREOR T6S  TSS €IS Plb 9%
989 0°S9 P9 SIS C S 96Ok €ty VL6E 144
§9 68 655 0Ids ORI OpEERSichE GI6E TC9t £6'CE [47
L9S [R5 L0ST RISl R R e S8se 98°C¢ 8867 06'9C oy
C1S S8y g Syl (e ge 09°6T  L69T  8T'YT 09°1C 8¢
6'SY S'ey Tl D LRE e 9e et GIIE 060 €90C - Caic s 08T : 6£°61 86791 9¢
8'8¢ L'9¢ S ice s @ S RIRC 6.SE 0/ EcE IOMaE B9R6E [€°L1  ST'ST 00°¢l 149
A4 AN 0L e R G (RS I e ST ST T el S S X A | (43
coe 9'87 H69@ T SE = SEG w6l a0 a8l SO AETE ok ele (811 pI°01 0¢
6Vt ver EICE R SHIGE O D AIEE RO s aa e D  0€°01  18°8 8¢
0T 061 FLAT RO gl soalE o als e 0T  06'8 y9'L 9C
LI T91 SISO O BRSO I 6 L9°8 65 L (A 329 144
Syl 9'¢l F@IREERE 60000 = (16 07’8 O L 6€'9 6v'S 65y 69°¢ (44
€L S0l 86 06 878 Sl GLY ¥0°9 0€'s SS'y I8¢ LOE TET 0¢
S8 6L gL (A5 416 e 6y 1€y ILE 0re 05t 061 81

8¢ (X3 S8y 8¢y 06°¢ we S6°C 8'C 661 TST  $O'1 91

or'y tLit LEE 10°¢ FOiT 8C°C le’l  SS1  8I'T T80 14!

€0'¢ LL'T 0s°¢ G 96°1 69°'1 &'l 9I'T 680 1790 4!

S6'1 L'l LST 6€'1 0T'1 0L S0 908 9170 0l

9I'l ¥0°'1 60 080 890 990" “pFO | €0 8

sso 6v'0 (A2 )l el 9

€0 10 810 €SI0 14

(WD)Haa
8¢ 9¢ 143 (43 0¢ 8¢ 9¢ 124 w 0¢ 81 91 14 4! (1)1 8 9 vt (W)1HDIdH

(SWVIDOTI) SHHONVYEE dvdd A0 IHOIIM
AYOLIYYdL NOMNA
(S4OV T1V) d0N¥dS dLIHM ¥0d dT1dVLI IHOIAM NAdYD 'S4 9471dvV.L



25

s6ey
['9¢0%
9IECLE
0 GSke
6°'181¢
STeeT
£PL9T
0'Leve
8'01¢e
96661
v 16L1

8¢

6°101Y
P yI8E
£ LESE
L0LTE
9v10€
689LT
LEEST
6'80¢€C
9'v60C
80681
£'L691
yyisl
6'1vel
6°6L1T

9¢

L7T09¢
0°'1¥€e
'680¢
€'L¥8T
51927
['c6ec
6°081C
S8L61
6°S8LI
£°€091
S0evl
9°L9TI
SYITI
€1L6

143

0°16€€
LppIe
L°L06T
1'089C
L19%T
9°TsTT
8°750C
£7981
1’1891
T60ST
S9pel
TE611
T6h01
vv16

0°68L

8°TL9

6595

[43

¥ 86T
9TLe
8°CIST
['80€C
0°CIIT
L'veel
1ovi]
£ LS
[ STl
9 T9CT
678111
8°€86
S°LS8
6°6€L
0'1¢9
8°0€S
£'6EY

0€

I 4494
S SPeT
A2 14
SI1L6I
L96LIT
0°0€91
YILYT
Oircel
L SET]
SHPol1
S816
9°008
8069
'68S
L’S6v
£0Iy
0¢ee

8¢

(SAOV T1V) 40NUdS ALIHM ¥0d dT1dVL LHODIIM NHI¥D 99 dT1dV.L

Te9¢eT
£€8LIC
8°000C
6°0€81
98991
8 €IS
9998 T
6°9CCl
81601
c0L6
eS8
LEvL
L'1¥9
PLYS
S'09%
£18¢
$'60¢

9¢

(SWVEOOTI) SLNINOdWOD d9¥L TVIOL 40 LHOIIM

CLY8I
$0691
SovsI
L°L6ET
L7191
8°CEIl
80101
8568
8°L8L
8989
L'T6S
§'s0s
v'sty
(45
098¢
8'97C

14

9¢Sy'y = d4dS

ST6°0

H=ATE9€0°0 + 0S€EL'E

zd
1oL

MD

"B1ep 2ISEq JO 93URI 21BIIPUI SAINT1] PISO[OU "NIBq IPISINO (S1WIUID) JYSIoY I1SBaIq 18 I9joWeIp St HE
t(senaw) 1yS1ay 9311 1 umoys 1YSIoY *(SweISo[1y) sjuauodwod 2311 [e10] JO 1YSI9Mm [10] SMOYS J[qeL
"uodn & 2y} JO SUOIBIO] A[qISSDIE Ul S321] 89¢ JO Suldwes 9A1ONIISAP £q Pa10a][0d IR

8'6vS1
Ly TIvl
6¥'18CI
16911
CL8E01
696
057128
Ly-Cel
$8°6C9
65°€YS
EL'EIY
9T°06€
LI €ceE
8°C9¢
81°80¢
97091
ELBIT

GG

oy v8C1
€E°911
80°¢S01
£9'vv6
66°CH8
9L’ LyL
P1°LS9
¢6°TLS
1S¥6¥
16’1y
CEGSE
€1'v6T
96'8¢C
657681
€0'9v1
87801
€€°9L

0¢

LT6¥01
YT LY6
#S°0S8
LO6SL
¢8°CLY
6L°16S
00918
127289 44
60°08¢€
86°61¢
60°S9C
Pr°SIC
[0°TLT
08'1¢€1
8°L6
LO"69
SSSy

81

AYOLIY¥dL NOMNA

1¥'Cr8
SY'9SL
PI°SLY
LY'86S
Sv'9Ts
80°6SY
9€:96¢
87 °8¢€¢
¥8°98C
S0°9¢€C
16161
sl
LSiLTY
LELS

1819

160

91

9€°799
1T°16S
eI'ves
[ 19y
91 c0y
8TLYE
9¥°96¢
0L 6¥¢
10°L0T
6£'891
£8°¢El
pE €0l
69L

9SS

9C9¢

€0°CC

14!

6T°LOS
6L'6vY
LL'S6€
STSPE
07°86C
¥9°vST
LSPIT
86°LLI
L8P
STSIT
[1e8
999
0Ly
19°1¢
w6l

Cl

8'CIT
EV6LI
£6°8V1
Ge TGl
99°96
88 vL
10°9¢
£€0°0¥
L6°9T
08°91
$S'6

01

(Y44t
68611
8°L6
80°8L
5909
SS°Sh
LG
CECC
61vl
8¢'8

98°06
0EvL
6v'6S
oy
or°¢e
(434
L9
8511
oL

16°0v
61°ce
P9°vC
ST8I
€0°¢€l
96'8

909

14

9¢
12
[43
0$
8¥
9%
144
[47
(014
8¢
9¢
143
(43
0¢
8¢
9t
14
(44
0¢
81
91
14t
4!
0l
8

9

4

(WD)HEda
(W) LHDIIH



26

6T€L°0 = d4dS S186'0 = <Y
. . poom
HzA0YT10°0 + 0LLT 0 = Mma
"BIEp 0ISkq JO 9FURI 91BIIPUI SAINSIJ PISO[IUF "NIBq OPISINO (SAI12WIIUAD) 1YSIay I1Sealq J& J9joWweIp st Had
¢(sanaw) 1ys1ay 2311 st umoys 1YSIoY “(Swet30[1y) JIeq IpIsul poom 3[0q JO JYSIam [B10) SMOYS J[qB]
‘uoyN & 9y JO SUOIIEDIO] 2]qISSAIIL Ul $921] §9¢ JO Furjdiues 2A1ONIISAP £q PI10J[|0d BIR(

08LYT  T00VI 9¢
EPLET  0TOET  L'6TTT  €LSII ¥S
PvLCl  €L0CT  €0PIT  TELOT  T'9001 43
SR C Ol EHCOL: FE66 £0¢6 €898 €908 0S
65801 = BBZOL = 9.1/6 Svl6 y'LSS 008 I'tvL 8P
€166 6'tr6 P68 6°6€8 P'L8L 0ceL €789  0°0€9 9
S'Ci6 S¥98 918 S89L socL Sl e 1'9LS  Th8CS 124
S1es L'L8L 0'vPL ¢00L 5959 Eel9s 695 @Sses . 0518y SL'LEV [44
TYSL SPIL 8VL9 €S89 $S6¢ 8°6SS  19IS 9Ly 9L9¢h 80'L6€  OV'LSE oy
L'089 6'vv9 1609 el VLES 910§ 8S9% 0°0¢r 0TP6E  6€£8SE  8STCE  LL98C 8¢
0119 8'8LS L kS SYIS P8y ¢Sy 18Ik (98E 8 ECE60CE . pS68EE 0V'LST  9T'STT 9¢
£€91¢ 9°L8Y 0°65¥ R11% 4 D0 ORe e S O ogE e e €960 96'00C  6TTLI 123
Y'LSY 0cey 9901 clae 8§66 P OEE  (SOE  @Y6lc  tChCe  ERBEC  HpEOE . V0'8L1  S9CSI GE
0'cov L'6LE iLSe I-SEE S EIE  06c  [R94 R SpE Rk Ecec 9INO0C WIRLTS (5951 0T'vel 0¢
8'0¢¢ Plie 6°16¢ S¢lc  0ESe 98ec . Chplg L pel - LCGLE CRGGI . 8¢'9€T 16911 8¢
$°89¢ L1ST UisEe @ Sie SSlida 09 Rk E RGO DIEIGE R 0pvel - £9°'L11 87001 9¢
8°8¢C¢ SYIT S00¢ 0981 FAL  TRLSE - SLERT - PRRCE 9C Pl - /TO0E @ 66'S8 OL'TL 144
£cel €081 S801 . E0CT <G bRl STE el TE 06l - I 80k 0696 0€'¥8 0€CL 6009 6T'8% [44
eyl ¢ceel  Tetl €61l OF60I  8¥66 9¢°68 ¥9°6L ¢L°69 0865 886 96'6€ P00€ 0C
8CIT  Lv0l  L'96 99°88 £€9°08 6S°CL 9¢°¥9 s9¢ 6v'8v S0y Th'Te 8ET 81

S9L 1oL LLe9 LS LO'IS wyy LEBE ¢c0cE  [9SC (€61 86TI 91

SL'ES 68'8% vy UALE 0€ve PP 6 8SvC CL6l  98Fvl 0001 14!

95°6¢ 66°S¢ e $8°8C 8C°ST 0L°1¢ €181  9S%I 6601 Ty'L 4t

80°S¢ 09°¢¢ roc oLl GiEc 839Gk 0COE . Cl ye's 01

9Svl1 L6’C1 6¢11 086 178 €99 ¥0°¢ Sv'e 8

€59 €9°¢ vL'Y s8¢ 96°C 90°C 9

9C'C 98’1 Lyl LO'T 14

(WO)H4aa
8¢ 9¢ 143 43 0¢ 8¢ 9¢ 144 [44 0¢ 81 91 4! Gl 0l 8 9 ¥ (A)LHOIFH

(SWVYDOTIN) dOOM 971049 40 LHOIAM
AYOLIMYdL NOMNA
(S4DV T1V) 90N¥UdS J1IHM YOd JTdVLI LHOIIM Add NIAO L4 4T4V.L



27

1'0€C
0vIC
S'861
Se8l
1691
SIS
eyl
s'6Cl
S'LIT
1901
49

8¢

0°8I¢C
8°70¢
0881
6°¢LT
091
CilkY
L'bEl
Lieel
e
S00I1
06

S8

el

LC9

9¢

S'16l1
9iLLI
P91
ClicH
06€l
¢ LG
6°SII1
101
6’16
'S8
09L
€LY
68
9IS

23

081
L9l
9vS1
L &44!
8°0¢€1
L'611
1601
066
£'68
08
geie
v'€9
LSS
9'8%
(84
L'SE
0°0¢

CE

L9S1
6vvl
9°€el
LTel
¢ ¢l
€201
8°C6
8°¢8
CSL
R
P65
ses
S'Sy
£6¢
S€e
'8¢
£ET

0¢

(SADV TT1V) d0NUdS LIHM dO0d dTdVL LHOIIM Add NHAO

€6€E1
Lyt
SYIl
8101
$°S6
998
8L
oL
92€9
§'s¢
8'8p
STy
L9g
ade
¢i9¢
8'1C
L'LT

8¢

9°6tl
8¢CII
€901
€'L6
L'88
¥°08
9CL
(@)
88
SIS
€Sk
S'6¢€
I've
I'ec
LA 44
(Al
v91

9t

16§T°0 = 94dS

Hzd€6100°0 + 90S1°0 =

I€16°0 =¥

jeq

mda

“B1BP J1SBQ JO 95URI 91BDIPUI S2INSIJ PISO[OUF "YIeq SPISINO (S2II2WIIUSD) JYSIaY ISealq J& Jjowelp st HI(q
t(senowy) 1ySioy 9911 S uMoys 1S9 *(SwelSo[y) yieq 9j0q Jo 1ySom 810} SMOYS 9B
"uoyn X 9y} JO SUOIIBIO] A[qISSIDOB UI SI21 §9¢ JO FuIdWIBS SA1IONIISIP AQ PIIOJ[0D BIB(]

86
8'68
6’18
Sl
(0)752)
09
LbS
Ok
8'1v
S49¢
S It
89T
9'tc
L'8I1
¢S
0¢I

144

(SWVIDOTIN) MYvVI 47109 40 LHOTIM

SE'T8
SO'SL
60°89
919
81°¢S
£T6v
COEY
LE8E
bpee
$8°8¢
19°%v¢
0L°0¢
PLLT
[6°¢l
[4/N 0!
LY'8

LT9

(44

vT'89
1619
68°S¢
81°0S
LLYY
89°6¢
68°v¢
I¥°0¢
29T
8¢€°CC
€881
6S°S1
SOLGH
€0°01
L

ILs

10y

0C

yL'SS
(4N
LISy
eor
CLSE
Gh L
6€ LC
RILC
91°0¢
L6'91
SOvI
P11
¥0°6

969

SIS

£9°¢

LET

81

LYY
LT'0Y
68°'6¢
LLTE
¥6°LT
9E'vT
€0°1¢
P6°L1
01°SI
0S¢l
91°01L
90°8
0C9
09t
yCe
tI°C

91

AYOLIYYdL NOJANA

L1'SE
6¢'1¢
8°LT
L'yt
€€'1C
8l
IL°ST
EC el
96°01
168
LO'L
Sy'S
0¥
$8°C
881
(40!

4!

6'9C
L8'€T
00°1C
1€°81
18°61
6v°€l
O G
(44
99 L
80°9
69'Y
6v'¢
Lyt
€9°1
660

4!

LTTT

6v°6 wL
L8L £€19
0v°9 ST'S
60°S ory
€6'¢ 8I°¢
£6:6 LEC
80°C 0L'1
6¢€'1 LT
$8°0 120
9%°0 0v°0

0l 8

84 4T1dV.L

8LV
06'¢
e
we
[4: 1
PE
68°0
LSO
¥€0

9

(A4
99°1
9Tl
60
$9°0
€70
8C°0

14

9¢
123
(43
0s
8y
9%
147
(44
(014
8¢
9¢
123
(43
0¢
8C
9t
144
(44
(114
81
91
4!
Il
01
8

9

14

(WD)H4d
(W) LHDIIH



28

¢00¥°0 = 94dS 96190

zd

1
m>>D

H=Ad161100°0 + 615SC°0

"B1Ep 2ISBq JO 93UBI 21BDIpUI S2INSIJ PISO[dUY NIBq IPISINO (SA1)AWIUD) WYII9Y ISeaIq 1e JajeweIp st Ha(q
‘(senaw) 1y31ay 9211 ST uMoys 1YSI9H “(Sweldo[ry) sayouelq Jo 1YSIom [B10] SMOYS 9[qe].
‘uoyn X 3y} JO SUOIJEIO0] 2[QISSDIE Ul $991) §9¢ JO FUI[dWES SAI)INIISAP Aq PAII[[0I BIR(]

I'evl 9vel 9¢
['cel  vser  ¢8I1 €I ¥S
§TCr  I9IT L6001 TEOl 896 49
CEIL. L0l FI0L - 6566 §68 9'¢8 9LL 0s
PY0l 066 S'€6 088 §T8  0LL SIL 8y
656 606 6°¢8 808  8SL 80L LS9 L09 9%
8°L8 ce8 9°8L 0vL P69 B9 @09 S'SS 60 147
008 8°CL 9 L9 68 IS SR OIS €Yo YTV w
9L 8'89 0°S9 ¢ 19 RIS OEC 86p 6ShE. VI'Th €€8E TSPE (114
SS9 129 L'8S (35 8IS ¥8 6%k Sy 908 T9PE 8I'IE SLLT 8¢
6'8S 8'SS e 9'6v SOy ity R0F €h8  8lipe OLEE - 308€  t6VC P8'IT 9¢
8'6¥ 0Ly 344 Sl RRe e eSE eS8 e e 9T'TC  IS61  9L91 143
I'vy L1y C6¢ 806 ppel 616 G606 O0IEC . EOWe 6166 ShGl [€°LT  88%I [43
8'8¢ L9€ Sve #C6E GO 18C L 09¢ - [8Ec I9TC €661 6811 STST 01°Cl 0¢
0ce 1'0¢ @8e 90 " Gie s Hiecs RElE G810l 8IEGE . [£CT  SPII 8¢
09t PyC E 366 g OGE SoRTE S ptOl s Rl Cel. [C'TT 16°6 9¢
(44 807 "6l IR 0L S ee T 96 C] - 6YGl - GG Il SRi6 8’8 TOL 14
L81 SLT gl @Sl el colel - piT G901 PG (45 WILvE 109 98¢ (44
SPI  9¢€T  9TL L1l SeE i EEG 88 L8'L w9 96°S [0S 90% II't 0¢

0'Ir €01 66 €L’ 96°L 61°L w9 SO.S 88y II'y v€e  LST 81

9L, S6'9 €9 vL'S 1S (A5 l6°¢ gEe 89 ¢ 80C LV 91

8¢S wt 94 4 86°¢ 6S it S0°¢ SE@ G 91 611 i4!

(4004 89°¢ pee 66'C $9¢ 1E¢ Lo U= 8T 160 4!

€9°¢C 6¢°C 9I'¢ 6’1 89°1 kel = 0c B 610" €L°0 01

(42 Lyl (49! LT'T IO =08 08 0. 950 8

$8°0 LLO 89°0 S6Df0= IS0 = w0 9

o 00 LEO €€0 14

(WO)H4a
8¢ 9¢ 143 [43 0¢ 8¢ 9¢ 4 (44 0t 81 91 14! 4! o1 8 9 ¥ (W) LHOIdH

(SWVYDOTIY) STHONVYY A0 LHOIAM
AJOLIYYAL NOJINA
(SHOV T1V) d0N¥dS ALIHM ¥0d AT19dVL LHOIAM A¥d NIAO ‘64 d1dV.L



29

1887
0°89¢
9°8¥¢
6°6CC
611
LY6l
8L
Se91
'Lyl
CEET
9611

8¢

0€Le
6°€ST
§'seT
8'LIT
8°00¢
SP8I
6'891
0vSIT
L'6E1
[ATA
I'ert
101
8'68

06L

9¢

6'6€C
§eee
8°0¢
L'681
EPLL
9'6S1
234
0°¢el
oIl
1"L01
966

818

Lyl

¢'S9

143

8'6TC
€60t
L'g61
9'8LI1
I'v91
[AV!
0°LEl
£vil
£l
6°001
106
6°6L
€0L
v'19
[ %Y
€Sy
€8¢

CE

¥961
L181
S°L91
6°¢ST
6°0v1
$8¢I
9911
€601
916
Y8
0°SL
099
9ES
8'6¥
9Ty
6°S¢
8'6C

0¢

9691
!
L'Evl
9aLiel
0°0cI
6801
v'86
¥'88
6°8L
0°0L
L9
8¢S
S99y
8°6¢
9L
6°LT
8°CC

8¢

9°LST
€Syl
Seel
GiECl
ST
101
y16
1'Z8
PiEL
el
€LS
oS
£ty
0°LE
Glie
09t
[

9T

9LT0°T = 94dS

87050

Hzd 12000 + S926°0 =

zd

o
_mHB

a

“B1BP JISBQ JO 93URl 21B2IPUI SINS1J Paso[ouy jIeq 9pISINO (SA119WUD) 1YJIay I1sealq 1. 1919wWwelp st H4Q
¢{(senjaw) 1yS1ay 9911 st umoys Y31y “(sweido[ry) 93e10) pue s3im) Jo 1yS1om [810) SMOYS J[qe],
‘uoyN X 33 JO SUOIBIO[ S[QISSAIIE Ul $9211 §9¢ Jo Juldwies 9A10ONIISIP £q PI1I3[[0d BIR(g

R4 !
6°CIl
0°€01
S'€6
P98
6°SL
8'LY
09
0°¢S
€9y
0°0v
ave
6°8¢
I've
L'61
LSIT

124

LS E0T
Sv'v6
9L°S8
6V LL
$9°69
6CCY
CESS
$9°8%
ov'ty
LL9E
Lyile
65°9¢
£F a0
(e
0Sv1
CEIT
9¢'8

(44

$6'S8
S0'8L
£€5°0L
6€£°€9
$9:9¢
8C°0S
Ievy
1L°8¢
1s°¢e
69'8¢
STve
12°0¢
RS9I
LCEI
LEOI
L8L

SLiS

0C

£€°0L
LS'€9
SI'LS
LO'TS
SESH
L66€
P6'v€
ST0¢E
16°ST
6'1C
8781
8671
€0°C1
£€v'6

LEL

9T’S

oL'€

81

1995
06°0S
0SSk
17°0p
£9°5¢
91°1¢
6697
pI°€T
6561
$€°91
wel
08°01
84’8

8t'9

8Ly

6£°€

91

S9vy
£6°6¢
8¥°S¢
6C'1¢€
8¢°LT
€L°ET
9€0C
9¢ L1
vl
98'11
956
PS'L
8L°S
o€y
60°¢
y1°¢

14!

9E've
12343
$6°9C
09°¢€T
8¥°0C
8S°LT
vl
6v'Cl
0€°01
€68
659
60°S
(4:5%
8LC
L6'1

4!

(SWVYEOOT) dDOVITOd ANV SOIML 40 LHOIAM

AYOLIYdL NOJANA

181
65°CI
LSOT
€L'8
or'L
SRS
or'y
pe€
Ly'e
6L°1
€1

0l

9701
$9'8
158/
98°'S
Iy
oLe
$8°C
9LC
w1
(XA

(SHOV T1V) d2N¥dS d1lIHM ¥0d dT1dV.L LHOIIM Add NIAO 014 d4719V.L

Ir9
19°
£9°Y
9L’e
10°¢
LET
S8l
St'l
oL

9

6¢°¢
[4:44
1€°¢
681
123!
LCE
801

4

9¢
12
(49
0$
8y
9%
124
[44
(014
8¢
9¢
143
[43
0¢
8¢
9T
14
[44
0¢
81
91
4!
4!
01
8

9

14

(WDO)HYd
(W) LHOIEH



30

‘peop 1YSIop UdaID) sepnpu]

6C06'1 = 9d4S 6LY6°0 = 2

0
HzAd16810°0 + 1691 = ! H>>D

‘Blep JISEq JO 93Ukl 91BdIpUI S2INSI) PASO[oU “3Ikq OPISINO (SANDWIUAD) JYSIoy ISeaIq Je J81ewelp st Hgd
‘(senawr) 1ySay 3911 st umoys 1Yoy * (weidoy) syusuodwod 9213 [B10] JO 1YSI19M [B10) SMOYS 9[qBL
“uoyn X Yl JO SUOIIEIO] 2[qISSADE Ul $221] §9¢ Jo Furdwies 9A13oN1ISap £q P3193[[0d BIR(

0'%STT  ¥'SEIT 9¢
0'960C L'S86T  S'SL8T  €69LI S
L'EP61  STH8T  €6€LT  T1°L€91  6°PEST 49
@loll " [C0LF €8091 LEIST T6Ivl  LPCEl  TOECT 0$
P9S91  €69ST  TT8YI  TS6ET  1'80€T  0°1ZTT  6°€€IT 8%
PIZST  vIvpl vI9€T  $I18C1  S10Z1  S'IZIT  SI¥01 S196 9%
I'C6€1  68I€1  8ShTl  9TLIT 6601 TIT0T 0€S6  66L8 89908 144
9891  6°10C1  TSEIT 98901 61001 TSE6  S898 8108 9I'SEL 84899 147
80SIT €060 66701 +696 6806 P88  6L8L  SLTL L6999 64909  10°9%S ot
88€01  T¥86 966 0S8  $0I8  6S9L  €IIL  L9S9 TI1TO9 TS'LYS v6T6Y  9€'8EH 8¢
STE6  S€E88  SHES  SS8L  S9EL  SL89  S8E9  9°68S LSOPS 8S'I6F  6STHY  09°€6E  19bpE 9¢
T88L  SvphL  800L  TLS9 €19  L69S  19TS 9£T8F 99°8€y 96'H6E  LTISE  LSLOE  L8'€9T 14
$'869  L6S9 019 €78  9EHS  6V0S  T99P LvLTh 9L'88E 90'0SE SEIIE  P9TLT  €6'€ET 4
I'v19 008  O09pS 0CIS 08y Ovby  660F [6SLE 681P€ LYLOE SELT €8°6£C 18°S0T o€
§'S0S  6'SLY  TO9PP  991F  698¢  €LSE 89LTE F0'86T 1+'89T LL'8ET vI'60T  0S6LI 8¢
S0Iy 0S8  $6SE  6€EE  €80f LLT8C TTLST LYIEC I1°90C 95081  10°SSI 9
'0se  €8ze TSONE R 0le0@ Gl e chiole £9L61 IR GLT Ol RSE ccTel 95011 T
pp6r  1'9.7 §8UEE | C6eE @ bedle  RIPRI S CEOD[CORET DA WOPITE L1c6  L8PL (44
$'8TC  ¥EIT €861 1'¢81T EHOSOF 68 ecl e[ SoEl eCUOl pe6 6ULL  L1'T9  SOLY 0T
TELL 6091  L'8PT  I¥9El  9IbCl  TOIIL  L966  TvL8  LISL €679  890S €h8€ 81
$LIT  +1°801 T 9F 86 RERR LG/ ep60 = NCl6C80I0s s 0p 0 L0 SO'IT 91
61°€8  8L°SL T LSO OG0 CCEe N pIObE R PEREE S e 16'€C  1S91 14!
LST9  TI'9S  89°0S  vUSt  6L6E  SEPE 168  9v€T TO8I 8STI 4
6b'6c  IL'SE  €61€  SI'8C  LEVT  6S0T 1891 €OEL  ST6 01
9°€CT  bO'IT €981 1T91  6LEl  LEII  S68 €579 8
i 986 0S8 STl LS —TFp 9
wy e o ¥

(WD)H4d

8¢ 9¢ 149 43 0¢ 8 9 T 144 0T 81 91 1 A4 01 8 9 ¥ (W) LHOIAH

(SWVIDOTIN) SINANOJWOD d9¥L TVIOL 40 LHOIIM
AdOLI¥YdLl NOJNA
(SHOV T1V) dDN¥dS d1IHM ¥0d FTdVL LHOIIM Add NJAO 'I1d 9T1dVL



31

TABLE B12. GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)
YUKON TERRITORY

HEIGHT (M)
DBH(CM)

4
6
8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

4

4.34
6.65
9.88
14.05
19.13

5.26

8.73
13.58
19.83
27.46
36.47
46.88

WEIGHT OF BOLE WOOD (KILOGRAMS)

6.19
10.81
17.28
25.61
35.78
47.80
61.67
71.39

10

7.11
12.89
20.98
5189
44.10
99:13
76.47
96.12

118.09
142.36
168.95
197.85
229.06
262.59
298.42

12

8.03
14.97
24.68
3717
52.43
70.46
LT

114.85
141.21
170.34
202.24
236.92
274.38
314.61
357.61
403.39

14

17.05
28.38
42.95
60.75
81.79
106.06
133.58
164.33
198.31
235.54
276.00
319.69
366.63
416.80
470.20
526.85

16

32.08

48.73

69.07

9312
120.86
152.30
187.45
226.29
268.83
815.07
365.01
418.65
475.98
537.02
601.76

Data collected by destructive sampling of 149 trees in accessible locations of the
Yukon. Table shows total weight of bole wood inside bark (kilograms).
Height shown is tree height (metres); DBH is diameter at breast height (centimetres)
outside bark. Enclosed figures indicate range of basic data.

GWWood

= 2.4865 + 0.02894D%H

R2 = 0.9860

SEE = 5.9747

18

54.51

77.39
104.45
135.66
171.03
21051
254.26
302:19
354.14
410.32
470.67
535.17
603.84
676.67
753.65

20

85.72
115.77
150.45
189.76
283.69
282.24
335.41
398 D1
455.64
522.69
594.36
670.65
751.57
837.12

22

127.10
165.25
208.49
256.81
310.21
368.71
432.29
500.95
574.71
653.55
737.47
826.48
920.58

24

180.0
227.2
279.9
338.2
402.0
471.4
546.3
626.7
712.7
804.3
901.4

26

245.9
303.0
366.2
435.3
510.4
591.6
678.7
771.9
871.1



TABLE B13.

HEIGHT (M) 4
DBH(CM)

4
6
8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

Data collected by destructive sampling of 149 trees in accessible locations of the
Yukon. Table shows total weight of bole bark (kilograms).

112
1.36
1.70
2.13
2.66

GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)

6

1.21
1.58
2.08
2,73
3.53
4.47
5.56

1.31
109
2.47
3.34
4.40
5.66
7.11
8.75

32

YUKON TERRITORY
WEIGHT OF BOLE BARK (KILOGRAMS)

10

1.41
2.01
2.86
3.94
5.27
6.84
8.65
10.71
13.00
15.54
18.32
21.34
24.60
28.10
31.85

12

1.50
2.23
3.24
4.55
6.14
8.03
10.20
12.66
15.42
18.46
21.80
25.42
29.34
33.54
38.03
42.82

14

2.45
3.63
5.15
7.01
9.21

11.75

14.62

17.83

21.39

25.28

29.50

34.07

38.97

44.22

49.80

55.72

16

4.02
5.75
7.88

10.39

13.29

16.58

20.25

24.31

28.76

33.59

38.81

44.41

50.40

56.78

63.55

18

6.36

8.75
11.58
14.84
18.54
22.67
2123
32.23
37.67
43.54
49.85
56.59
63.76
71.37
79.42

Height shown is tree height (metres); DBH is diameter at breast height (centimetres)

outside bark. Enclosed figures indicate range of basic data.

G

WBark

= 0.9234 + 0.00302D?H

R? = 0.9453 SEE = 1.2574

20

9.62
12.76
16.39
20.49
25.08
30.16
35.71
41.75
48.28
5528
6201
70.75
79.20
88.14

22

13.95
17.93
22.45
27.50
33.08
39.19
45.84
5301
60.72
68.96
7713
87.03
96.86

24

19.5
24.4
29.9
36.0
42.7
49.9
57.1
66.2
75.1
84.7
94.9

26

26.4
323
38.9
46.2
54.0
62.5
71.6
81.3
91.7
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TABLE B14. GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)
YUKON TERRITORY
WEIGHT OF BRANCHES (KILOGRAMS)

HEIGHT (M) 4 6 3 10 12 14 16 18 20 22 24 26
DBH(CM)

4 0.65 0.76 0.88 099 1.10

6 0958 IO dd =g 195 221

8 1.33 BSOS dE 359  4.04

10 1.84 S2dENB0S =06 A e0 R 607  6.78

12 246 348 449 551 653 754 856 958  10.59

14 458 596 7.34 873 1011 11.50 12.88 14.26  15.65

16 585 766 9.46 11.27 13.08 1488 16.69 1850 2031 22.1

18 9.58 11.86 14.15 SlGEEREE RO 0B0N S0 279 30.2
20 14.55 17.37 ERUNIORORIEHERANNISIOERIEON 343  37.]
22 17.51 20.93 2435 27.76 31.18 3460 38.01 41.4 4438
24 20.76  24.83 28.89 32.96 37.03 41.09 45.16 492  53.3
26 2429 29.06 33.83 38.61 43.38 48.15 5292 577 625
28 28.10 33.64 39.17 4471 5024 55.78 61.31 66.8 72.4
30 32.20 38.55 4490 51.26 57.61 63.97 70.32 76.7 83.0
32 36.57 43.80 51.03 5826 6549 7272 7995 872 944
34 49.39 57.56 65.72 73.88  82.04 90.20 98.4 106.5
36 64.47 73.62 8277  91.92 101.07 110.2

38 92.18 102.37 112.57

Data collected by destructive sampling of 149 trees in accessible locations of the
Yukon. Table shows total weight of branches (kilograms).

Height shown is tree height (metres); DBH is diameter at breast height (centimeters)
outside bark. Enclosed figures indicate range of basic data.

GWBr = 0.4259 + 0.00353D2H

R2=10.7123 SEE = 3.8840
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TABLE B15. GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)
YUKON TERRITORY
WEIGHT OF TWIGS AND FOLIAGE (KILOGRAMS)

HEIGHT (M) 4 6 8 10 12 14 16 18 20 22 24 26
DBH(CM)

4 S0 310 3.21  3.32

6 3.16 340 364 388 411 435

8 3.53 B3OS ENST R0 S0 5.65  6.08

10 4.01 4.67 534 6.00 6.66 733 799  8.66

12 459 5.55 6.50: 746 84 937 (0S5 11.29 12.24

14 6.58 7.89  9.19 1049 11.79 13.09 1439 15.69 17.00
16 7.78 9.48 BEINES P 8845886 26 108 19.68 21.38  23.1
18 1129 13.44 1559 17.74 19.89 22.04 2419 2634 285 306
20 15.96 18.62 F2EE 0SSR D658 9004 =SB0 34.6  37.2
22 18.75 21.96 25.18 28.39 31.60 34.82 38.03 41.2 445
24 21.80 25.63 2945 33.28 37.10 4093 4475 48.6 524
26 25.12  29.61 34903859 438" 4757 5206 = 56.5 61.0
28 2871 3391 39.12 4433 4953 5474 5994 651 704
30 32.56 38.54 4451 50.49 56.46 62.44 6842 744 80.4
32 36.68 43.48 50.28 57.07 63.87 70.67 77.47 843 91.1
34 48.74 56.41 64.09 71.76 79.44 87.11 94.8 102.5
36 62.92 71.52 80.13 88.73 97.34 105.9
38 88.97 98.56 108.15

Data collected by destructive sampling of 149 trees in accessible locations of the
Yukon. Table shows total weight of twigs and foliage (kilograms).

Height shown is tree height (metres); DBH is diameter at breast height (centimetres)
outside bark. Enclosed figures indicate range of basic data.

GwTFol = 2.6805 + 0.003319D2H

R% = 0.6121 SEE = 4.5716



TABLE B16. GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)

HEIGHT(M) 4 6
DBH (CM)

4
6
8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

Data collected by destructive sampling of 149 trees in accessible locations of the Yukon.
Tables total weight of dead branches (kilograms). Height shown is tree height (metres); '
DBH is diameter at breast height (centimetres) outside bark. Enclosed figures indicate range of basic data.

0 0

0 0

0 0.19

0.21 0.51

0.47 0.90
1.37
1.90

GWDead

R2? = 0.5977

0

0.04
0.38
0.81
1.33
1595
2.67
3.48

SEE = 2.1210
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YUKON TERRITORY
AIR DRY WEIGHT OF DEAD BRANCHES (KILOGRAMS)

10

0
0.15
0.57
1.10
1.76
2isx
3.43
4.44
5.57
6.83
8.20
9.69

11.30

13.02

14.87

= -0.3864 + 0.00149D?H

12

0
0.26
0.76
1.40
2:19
S 12
4.19
5.41
6.77
8.27
9.91
11.70
13.63
15.71
17.92
20.28

14

0.36
0.95
1.70
2.62
3.70
4.95
6.37
7.96
9
11.63
13:71
15:97
18.39
20.97
23.73
26.65

16

1.14
2.00
3.05
4.29
S
7.34
91
11.15
1835
1593
18.30
21.07.
24.03
27.17
30.51

18

2.30
3.48
4.87
6.48
8.30
10.34
12.59
15.06
17.74
20.64
2305
27.08
30.62
34.37
38.34

20

3.90

5.45

7.24

927
15551
14.04
16.78
19.76
22.98
26.43
30.13
34.06
38.23
42.64

22

6.04

8.01
10.23
12.75
15.48
18.49
217
2531
293472
33.18
3751
42.10
46.95

24

8.8
11.2
13.9
16.9
20.2
23.8
2717
31.8
36.2
41.0
46.0

26

12.2
15.1
18.4
21.9
25.8
30.0
34.5
39.3
44.4
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TABLE B17. GREEN WEIGHT TABLE FOR LODGEPOLE PINE (ALL AGES)

YUKON TERRITORY

WEIGHT OF TOTAL TREE COMPONENTS (KILOGRAMS)

HEIGHT (M) 4 6 8 10 12 14 16
DBH(CM)

4 871 10.00 11.29  12.58 13.87

6 11.93 14.83 17.74  20.64  23.54  26.44

8 16.45 21.61 2676 31.92 37.08 4224  47.40
10 22.25 S30:81 #3887 46488 54498 6D 55  70.61
12 29.34 4095 - 5256 6416 S 83T 98 O
14 53.52 £6932s " i85 2 (100028 161 139 5]
16 68.03  88.66 109.30 129.93 150.57 171.20
18 110.59 136.70 162.82 188.93 215.05
20 167.33  199.57 231.81 264.05
22 201.18 240.19 279.20 318.21
24 238.26  284.68 331.11 377.53
26 278.56 333.04 387.53 442.01
28 322.08 38527 448.46 511.65
30 368.83 441.37 51391 586.45
32 418.80 501.34 583.87 666.41
34 565.17 65835 751.52
36 737.33  841.79
38

Data collected by destructive sampling of 149 trees in accessible locations of the Yukon.
Table shows total weight<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>