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Abstract

Using stem analysis dala from 1248lreeS in Lhe Yukon
TerrilOlyand a previously published variable-exponcnt
taper equation, Laper-volume equations were derived
for each ecorcgion for four species: lodgepole pine.
while spruce, black spruce and aspen. Tests were made
to detennine if significant differences existed among
the ecoregions. or if equations could be derived for
ecoregion groups. The practical aspects of using such
ecoregion·bascd equations were also evaluated.

For white spruce. a single equation is recom­
mended; for each of me other three species. separate
equations for two ccorcgion groups are recommended.

i'

Resume

A "aide de donntes d'analyse de tige pol1alll sur 1248
arbres des Territoires du Yukon et d'une equation de
defilement a exposant variabledtja publiee.on aderive
des fonnulesde cubagedu defLiement pourchacune des
regions ecologiques dans Ie cas des qualre cspXes
suivantes: Iepinde Murray,1'epineue blanche, I'tpineue
noire et Ie lrcmble. On a effectuc des tesls pour deter­
miner s'il existe des differences significatives entre Ics
regions ecologiques, OU s' iIetait possible de deriver dcs
Cquations pour les groupes de regions ecologiques. Les
aspecls pratiques de I'emploi de telles equ3lions,
elalxlrces pour les groupcs de regions, ant egalcmcnl
fait I'objel d'unc evaluation.

Dans Ie cas de l'epincllc blanche, on re­
commmande I'cmploi d'unescule equation; dans lecas
des lrois auucs esptXcs, on rccommande des equations
distinctes pour deux groupcs de regions ecologiques.



Introduction

The Yukon Forest Service recenlly began a series of
forest land inventories designed to yield information
suitable for management purposes. To calculate tree
volumes to different utilization levels. existing volume
equations (Massie ttl ai. 1983) were found to be of
insufficient range, and exltaJX>lations yielded errone­
ous results. This study was therefore initiated lO derive
a new set of volume equations whereby compatible
volumes for different utili7..ation slafldards were calcu­
lated.

The combined taper volume equation approach
was chosen. and Kozak's (1988) variable exponent
lapCC equation was the speciftC model selected (appen­
dix I). This choice was based on a review of available
methods by the British Columbia Ministry of ForcsLS
(S.M. Smith, 1989, A review of lhree taper estimating
systems. Rcpon produced for the Inventory Branch. 80
p.).

The taper volume approach is based on a taper
equation which describes lIle prolile of a l.reC stem.
From !.his profile. slCm diameters can be derived; from
the stcm diamctcrs can be calculated stem section
volumes, which in lUm yicld tree volumes when summed.
Appendix 2 contains a description of the methodology.
By sctting different upper and lower height or diameter
limits. volumes lO different utili7.ation standards are
calculated. One advantage of the approach is that it
satisfies a trend toward production of multiple products
from a single tree stem; anolher is lhat compatibility
among volumes derived for different standards is as­
sured. Increasing availability and power of computcrs
makes t.hc construction and application of such equa­
tions practical.

Stem analysis data from 1248 trees, available
from previous studies. were used lOconstruct equations
for the four main species of the Yukon Territory:

lodgepole pine (Pin.us COfllorta Doug!.). white spruce
(Pic~a glaw:a (Moench) Voss). black spruce (Piua
mariana (Mill.) 8.S.P.). and trembling aspen (Populw
tUmJlloitks Michx.).

In lhis study. theeITect ofecoregions (Oswald and
Senyk 1977) on equations was explored. Tests wcre
made to detennine if significant differences existed
among lhe ecoregions or if lhey could be grouped, and
comparisons were made with existing equations. The
practical aspects or using such ecoregion based equa­
tions were also evaluated.

Results and recommendations are as follows.
Volume-taper equations for the following ecoregion
groups should be used when gcodaccuracy is required:

- for lodgepole pine. one equation for ecoregions
4 and 5. another for ecoregions 2 and 12;

• for white spruce. oneequation for aU ecoregions;

- for black spruce. one equation for ecoregion 2.
4.5 and II, another for crorcgions 8, 9 and 12.

- for aspen, onecquation forecorcgions 4. 5 and
8. another forecoregions 2. 9.11 and 12;

If less accuracy is required, one equation for each
species will sufftce.

Volume tables den ved from cquati ons constructed
for these ecorcgion groups are givcn on the following
pages. For each equation. gross total and gross
merchantablc volume are calculated. Equation
coefficients and relevant statistics for the equations by
these ecoregions and ceoregion groups are givcn in
Appendix 1.



I Beaver River
2 Liard River
3 Logan Mountains
4 Pelly Mountains
5 Lale Laberge
6 CoaSt Moumalns
7 SI. Elias Mount:uns
8 Ruby Ridge
9 Wellesley Lake
10 Dawson Range
II Klondike River
12 Pelly RIver
13 Mayo Lake . Ross River
14 ItSI Range
15 Wemc:ckc: Mountains
16 SOUlh Ogilvie Mountains
17 Nonh Ogilvie Mountains
18 Eagle Plain
19 Peel River
20 Beny Creek
21 Old Crow Basin
21 Northern MOllmains and

Cooslal Plain

Figure I. Ecoregions orthe Yukon Territory
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Total volumes (m!) (or lodgepole pine in ecoregions 4 and 5 orthe Yukon Territory

Height (m)

DBH 4 • 8 10 12 14 .I' 18 20 22 24 2.
(=)
4 0.002 0.003 0.005 0.006 0.007

• 0.005 0.008 0.010 0.013 0.016 0.019 0.021
8 0.009 0.014 0.019 0.024 0.029 0.033 0.038 0.043
10 0.014 0.022 0.029 0.037 0.045 0.052 0.06Q 0.068
12 0.020 0.031 0.042 0.053 0.064 0.075 0.087 0.098 0.109 0.120
14 0.028 0.042 0.057 0.072 0.087 0.102 0.117 0.133 0.148 0.163

I' 0.055 0.074 0.093 0.113 0.132 0.152 0.172 0.192 0.212 0.232
18 0.069 0.092 0.117 0.141 0.166 0.191 0.216 0.241 0.267 0.292 0311
20 0.113 0.143 0.173 0203 0.234 0.264 0.295 0.326 0.357 0.388
22 0.136 0.171 0.207 0.243 0.280 0317 0.354 0.391 0.428 0.466
24 0.202 0.244 0.287 0330 0373 0.417 0.461 0.505 0.549
2. 0.235 0.283 0.333 0.383 0.433 0.484 0.535 0.586 0.637
28 0.270 0.325 0.381 0.439 0.496 0.554 0.613 0.671 0.730
30 0.369 0.433 0.498 0.563 0.629 0.695 0.762 0.828
32 0.487 0.559 0.633 0.707 0.781 0.856 0.931
34 0.543 0.624 0.705 0.788 0.871 0.954 1.038
36 0.602 0.691 0.781 0.872 0.963 1.056 1.148
38 0.859 0.959 1.06Q 1.161 1.263
40 0.940 1.049 1.159 1.269 1381
42 1.023 1.141 1.260 1381 1.502
44 1.495 1.626
4. 1.612 1.752
48 1.882

3



Merchantable volumes- (m!) for kKlgepolt pine in ecoregions 4 and 5 of Ihe Yukon Terrilory

Height (m)

DBH 4 • , 10 12 14 I' I' 20 22 24 2.
(=)
4

•,
10 0.008 0.014 0.020 0.027 0.033 0.039 0.{)45 0.052
12 0.013 0.023 0.033 0.043 0.053 0.063 0.074 0.084 0.094
14 0.019 0.033 0.047 0.062 0.076 0.090 0.105 0.120 0.134 0.148

I' 0.044 0.063 0.082 0.101 0.120 0.139 0.159 0.118 0.197 0.217

I' 0.056 0.079 0.104 0.128 0.152 0.177 0.202 0.226 0.252 0.276 0.301
20 0.098 0.128 0.158 0.188 0.219 0.248 0.279 0.310 0.340 0.371
22 0.118 0.153 0.190 0.226 0.263 0.299 0.336 0.373 00410 0.447
24 0.181 0.224 0.267 0310 0.353 0.397 0.441 0.485 0.529
2. 0.211 0.260 0.310 0361 0.411 0.462 0513 0564 0.615
28 0.242 0.298 0.355 00414 0.471 0529 0588 0.646 0.705
30 0.339 0.404 0.470 0535 0.601 0.667 0.735 0.801
32 0.454 0527 0.602 0.676 0.750 0.826 0.901
34 0.506 0588 0.670 0.754 0.837 0.920 1.005
36 0560 0.651 0.742 0.834 0.925 1.019 1.111
38 0.816 0.917 1.019 1.120 1.223
40 0.892 1.002 Ul3 1.224 1.337
42 0.970 1.090 1.210 1.332 1.454
44 1.442 1.574
4. 1.554 1.695
4' 1.820

• Swmp height:30 em
Top diameter inside bark=7.5 em
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Total volumes (m3 ) for lodgepole pine in ecoregions 2 and 12 of the Yukon Territory

Height (m)

DBH 4 • 8 10 12 14 I' 18 20 22 24 2. 28
(em)
4 0.003 0.004 0.006 0.007 0.009 0.010

• 0.006 0.009 0.012 0.015 0.019 0.022 0.025
8 0.010 0.015 0.020 0.026 0.031 0.037 0.043 0.048
10 O.OlS 0.023 0.031 0.039 0.047 0.056 0.064 0.073
12 0.021 0.032 0.043 0.054 0.066 0.078 0.090 0.101 0.113
14 0.029 0.042 0.051 0.012 0.081 0.103 0.119 0.135 0.151
16 0.038 0.054 0.013 o.lm 0.112 0.132 0.152 0.112 0.192
18 0.068 0.091 0.114 0.139 0.163 0.188 0.214 0.239
20 0.111 0.139 0.169 0.198 0.229 0.260 0.290 0.322 0.353 0384 0.416
22 0.133 0.161 0.201 0.231 0.213 0310 0.347 0384 0.421 00458 0.496
24 0.158 0.191 0.231 0279 0321 0364 00407 00451 00495 0.539 0.583
2. 0.230 0276 0324 0.313 0.423 0.473 0.524 0.575 0.626 0.611
28 0.265 0318 0373 0.429 OA86 0.543 0.601 0.660 0.719 0.118
30 0304 0364 0.425 0.489 0.553 0.618 0.685 0.751 0.818 0.886
32 0.347 OA13 OA82 0.553 0.625 0.699 0.773 0.848 0.924 \.000
34 0.465 0.542 0.621 0.702 0.784 0.861 0.951 1.036 1.121
36 0.522 0.606 0.693 0.783 0.874 0.967 \.060 1.155 1.250
38 0.615 0.111 0.869 0.970 1.012 1.176 1.280 1.385
40 0.853 0.961 1.071 US3 1.297 1.412 1.528
42 1.057 1.118 1300 IA25 1.551 1.611
44 \.290 1.423 1.559 1.696 1.835
46 1.553 1.700 1.849 \.999
48 1.848 2.009 2.112
50 2.176 2352
52 2.540

5



Merchantable volumes· (m 3) for lodgepole pine in ecoregions 2 and 12 of the Yukon Territory

Heighl (m)

DOH 4 , 8 10 12 14 " 18 20 22 24 2' 28
(=)
4
6
8
10 0.008 0.015 0.022 0.029 0.035 0.043 0.050 0.057
12 0.013 0.023 0.034 0.044 0.055 0.066 0.078 0.088 0.099
14 0.019 0.032 0.047 0.062 0.076 0.c)C)1 0.107 0.122 0.138

" 0.025 0.042 0.061 0.080 0.100 0.120 0.139 0.159 0.179
18 0.053 0.077 0.101 0.126 0.150 0.174 0.200 0.225
20 0.095 0.123 0.154 0.183 0.214 0.245 0.275 0.306 0.337 0.368 0.400
22 0.113 0.149 0.183 0.220 0.256 0.293 0.330 0.367 00404 0.441 00479
24 0.134 0.175 0.216 0.259 0302 0345 0388 0.432 0.476 0.520 0.564
26 0.204 0.252 0301 0351 00401 00451 0.503 0.554 0.605 0.656
28 0.235 0.290 0347 0.403 0.461 0.519 0.577 0.636 0.695 0.755
30 0.269 0332 0394 0.460 0525 0590 0.658 0.714 0.792 0.860
32 0306 0.375 0.447 0.520 0.593 0.668 0.743 0.818 0.895 0.971
34 0.422 0.502 0.583 0.666 0.749 0.833 0.918 1.003 1.089
36 0.472 0.560 0.650 0.742 0.834 0.929 1.023 1.118 1.214
38 0.623 0.722 0.823 0.925 1.029 1.134 1.239 1345
40 0.798 0.909 1.021 1.135 1.250 1.366 10483
42 0.999 1.122 1.246 1.373 1500 1.628
44 1.228 1363 1..501 1.640 1.780
46 1.487 1.636 1.187 1.939
48 1.177 1.941 2.106
50 2.101 2.279
52 20460

• SlUmp height=30 em
Top diamclcrinside bad:;=7.5 em

,



Total volumes (m]) for while spruce in all ecoregions of Ihe Yukon Territory

Height (m)

DBII 4 6 • 10 12 14 16 " 20 22 2A ,.
" 30 32 " 36 38 40

(em)
4 0.002 0.003 0.005 0.006 0.007 0.008 0.009
6 0.005 0.007 0.010 0.012 0.015 0.017 0.019 0.022

• 0.008 0.013 0.017 0.021 0.025 0.029 0.033 0.037 0.042
10 0.013 0.019 0.025 0.032 0.038 0.044 0.051 0.037 0.063 0.070
12 0.018 0.027 0.036 0.045 0.054 0.063 0.072 0.081 0.090 0.099 0.107
14 0.025 0.037 0.048 0.060 0.072 0.084 0.096 0.108 0.120 0.132 0.144 0.156 0.168
16 0.033 0.048 0.063 0.078 0.(l9J 0.109 0.124 0.140 0.155 0.17I 0.186 0.202 0.217

" 0.042 0.060 0.079 0.098 0.117 0.136 0.156 0.175 0.194 0.214 0.233 0.253 0.272
20 0.053 0.074 0.097 0.110 0.144 0.167 0.191 0.215 0.238 0.262 0.286 0.310 0.334 0.357
22 0.091 0.118 0.145 0.173 0.202 0.230 0.258 0.287 0.315 0.344 0.373 0.401 0.430 0.459
2A 0.140 0.173 0.206 0.239 0.273 0.306 0.340 0.374 0.... 0.442 0.475 0.509 0541 0.577,. 0.165 0.203 0.241 0."" 0.319 0.359 0.398 0.437 0.477 0.516 0.556 0.596 0.635 0.675

" 0.192 0.236 0."" 0.325 0.370 0.415 0.461 0.506 0.552 0.598 0.643 0.689 0.735 0.781
30 0.322 0.373 0.425 0.476 0.528 0.580 0.633 0.685 0.737 0.790 0.842 0.895
32 0.367 0:425 0.483 0.542 MOl 0.660 0.719 0.179 0.838 0.898 0.957 1.017 1.077 1.137

" 0.481 0.546 0.612 0.679 0.745 0.812 0.879 0.946 1.013 1.080 1.148 1.215 1.282 1.350
36 0.541 0.614 0.688 0.762 0.836 0.911 0.... 1.0tH 1.136 1.211 1.287 1.362 1.438 1.513
38 0.... 0.768 0.850 0.933 1.016 1.100 U8J 1.267 1.351 1.05 1.519 1.603 1.687
40 . . 0.763 0.853 0..... 1.036 1.128 1.220 1.313 1.406 1.498 1.591 I.... I.ns 1.871
42 0.944 1.044 1.145 1.247 1.348 \.450 1.5S2 1.655 1.757 1.860 1.963 2""
44 1.040 1.l50 I.'" 1.372 1.483 1.595 1.707 1.820 1.932 2.045 2.158 2.271.. 1.261 1.382 1.>04 1.62f:J 1.748 1.871 1.994 2.117 22AO 2363 2.487.. 1.511 1.643 1.776 1.909 2043 2m 2.311 2.445 "80 2.714
so 1.789 1.933 201' 2223 2369 2.515 2661 2801 2"3

" 2099 2256 2.413 2.571 2128 2.887 3.045 3.204
54 2.442 2.612 2.782 2.952 3.123 3.294 3.466
l6 2.820 3.003 3.187 3.311 3.555 3.740

" 3.235 3.432 3.630 3.828 4.027
60 3.688 3.900 4.113 4.326
62 4.183 4.410 4.638•~



~ - Merchantable volumes· (mJ) for white spruce in all ecoregions of the yukon territory

Height (m)

DBII • , • 10 12 14 " 11 '" 22 24 26 " 30 32 34 36 31 '0
(=)

•,
•
10 0.006 0.011 O.OI~ 0."'" 0.024 0.021 0.033 0.031 0.041 0.046
12 0.011 0.Q18 0.026 0.034 0.041 0.049 0.056 0.064 0.071 0.079 0.085I. 0.016 0.02B 0.038 0.049 0.059 0.070 0.081 0.092 0.103 0.114 0.124 0.135 0.146

I' 0.022 0.037 0.052 0.066 0.080 0.095 0.109 0.124 0.138 0.153 0.167 0.182 0.196

I' 0.02B 0.047 0.066 0.085 0.103 0.121 0.141 0.159 0.177 0.196 0.215 0.234 0.252
2ll 0.036 0.059 0.082 0.105 0.129 0.151 0.175 0.198 0.220 0.244 0.267 0.290 0.314 0.336
22 0.073 0.101 0.128 0.156 0.185 0.212 0.240 0.268 0.296 0.324 0.353 0.380 0.408 0.437
24 0.120 0.153 0.187 0.220 0.253 0.216 0.320 0.353 0.3&7 0.'120 0.453 0.486 0.520 0.553
26 0.\42 0.181 0.219 0.258 0.291 0.337 0.376 0.414 0.454 0.493 0.532 0.572 0.61\ 0.650

" 0.165 0.210 0.255 0.300 0.346 0.391 0.436 0.481 0.527 0.573 0.611 0.663 0.709 0.754
30 0.294 0.345 0.398 0.449 0.501 0.553 0.606 0.657 0.709 0.762 0.814 0.866
32 0.335 0.394 0.452 0.512 0.571 0.630 0.689 0.749 0.101 0.867 0.926 0.986 1.046 1.106
34 0.446 0.512 0.578 0.645 0.712 0.779 0.846 0.913 0.9&0 1.046 1.114 1.181 1.248 1.316
36 0.501 0.575 0.650 0.725 0.799 0.874 0.949 1.024 1.099 1.174 1.250 1.325 1.401 1.476
J8 0.643 0.726 0.809 0.892 0.975 1.060 \.143 \.227 1.311 1.395 1.479 1.563 1.647
40 0.715 0.806 0.898 0.991 1.083 1.176 1.269 1.362 1.454 1.547 1.640 1.734 \.827
.2 0.892 0.993 1.095 1.198 1.299 1.402 1.504 1.607 1.709 1.812 1.916 2.018
44 0.983 1.094 1.205 1.318 1.430 1.542 1.655 \.768 1.8&0 1.993 2\06 2.219.. \.199 1.322 1.445 1.568 1.690 1.814 \.937 2060 2.184 2307 2.431
48 1.445 1.578 1.712 1.846 1.981 2.115 2249 2.384 2.519 2.653
50 1.718 \.863 2009 2.155 2302 244' 2.595 2.741 2.887

S2 2023 2.181 2339 2.498 2'" 2.815 2.973 3.133

" 2361 2.S32 2.703 2.873 3.045 3.217 3.389

" 2733 2.917 3.102 3.287 3.471 3.657

" 3.142 3.340 3.539 3.ns 3.938
60 . 3.589 3.802 4.016 '.230
62 4.077 '.306
4.534

• stump height_3O em
top diameter inside bart-7.5 em



Total volumes (m l ) (or black spruce in ecoregions 2, 4, 5, and 11 01 the Yukon Territory

Height (m)

DOH 4 • • 10 12 14 I. 18 20 22 24
(an)
4 0.002 0.004 0.005 0.006 0.007 0.008

• 0.005 0.007 0.010 0.012 0.015 0.017 0.020

• 0.008 0.012 0.017 0.021 0.02.5 0.029 0.034
10 0.013 0.019 0.02.5 0.032 0.038 0.045 0.051 0.058 0.064
12 0.019 0.028 0.036 0.045 0.054 0.064 0.073 0.082 0.091
14 0.027 0.038 0.050 0.062 0.074 0.086 0.099 0.1 II 0.124 0.136I. 0.037 0.051 0.066 0.081 0.097 0.113 0.130 0.146 0.162 0.179 0.195

I' 0.050 0.066 0.085 0.104 0.124 0.145 0.166 0.186 0.207 0.228 0.249
20 0.085 0.107 0.131 0.156 0.182 0.207 0.233 0.260 0.286 0.312
22 0.107 0.134 0.163 0.193 0.224 0.256 0.287 0.319 0.352 0.384
24 0.134 0.165 0.200 0.236 0.273 0.311 0.349 0.388 0.427 0.466
2. 0.201 0.242 0.285 0.329 0.374 0.420 0.466 0.512 0.559
2' 0.291 0341 0.392 0.445 0.499 0.554 0.609 0.664
30 0.347 0.404 0.465 0.526 0.589 0.653 0.717 0.782
32 0.477 0.546 0.618 0.691 0.765 0.840 0.915
34 0.805 0.890 0.976 1.063
3. 1.129 1.229
38 1300 1.414
40 1.619

Merchantable volumes· (ml) ror black spruce in ecoregtons 2, 4, 5, and 11 of the Yukon Territory

Height (m)

DOH 4 • • 10 12 14 I. I' 20 22 24
(em)
4

••
10 0.011 0.D15 0.020 0.024 0.029 0.033 0.039 0.043
12 0.011 0.019 0.026 0.034 0.042 0.051 0.058 0.066 0.074
14 0.016 0.028 0.039 0.051 0.062 0.073 0.085 0.096 0.108 0.120I. 0.023 0.039 0.054 0.069 0.084 0.100 0.116 0.132 0.147 0.163 0.179
18 0.031 0.051 0.071 0.090 0.110 0.131 0.151 0.171 0.192 0.212 0.233
20 0.066 0.090 0.115 0.140 0.166 0.191 0.217 0.243 0.269 0.295
22 0.083 0.113 0.143 0.174 0.206 0.238 0.269 0.301 0334 036.5
24 0.103 0.139 0.176 0.214 0.252 0.290 0.328 0.367 0.406 0.445
2. 0.169 0.214 0.259 0304 0.350 0.396 0.443 0.489 0.536
2. 02.5. 0309 0.362 0.416 0.411 0.527 0.582 0.638
30 030.5 0366 0.430 0.492 0.557 0.622 0.686 0.152
32 0.432 0..504 0~79 0.653 0.728 0.804 0.880
34 0.761 0.847 0.935 1.023
3. 1.081 1.183
38 1.245 1360
40 1.557

• Stump height::30 em
Top diameter inside bark:7.5 em
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Total volumes (m) (or black spruce in ecoregions 8. 9. and 12 of the Yukon Territory

Height (m)

DBH 4 6 8 10 12 14 16 18 20 22
(=)
4 0.002 0.004 0.005 0.006 0.007
6 0.005 0.008 0.010 0.013 0.016 0.018 0.021
8 0.009 0.013 0.0\8 0.022 0.027 0.031 0.036
10 0.014 0.020 0.027 0.034 0.041 0.048 0.054
12 0.020 0.029 0.038 0.048 0.057 0.067 0.076 0.086
14 0.027 0.039 0.051 0.063 0.076 0.088 0.101 0.114 0.127 0.140
16 0.036 0.050 0.065 0.081 0.097 0.113 0.129 0.145 0.161 0.118
18 0.063 0.081 0.100 0.120 0.140 0.160 0.180 0.200 0.220
20 0.078 0.099 0.122 0.145 0.169 0.193 0.211 0.241 0.265
22 0.119 0.146 0.173 0.201 0.229 0.257 0.286 0.314
24 0.171 0.202 0.235 0.267 0300 0.333 0366
26 0.198 0.234 0.271 0308 0346 0.383 0.422
28 0.268 0309 0.351 0.394 0.437 0.480
30 0.350 0.396 0.444 0.492 0541
32 0.392 0.444 0.497 0.550 0.604
34 0.494 0.552 0.611 0.670
3' 0.610 0.674 0.739
38 0.739 0.8\0
40 0.883

Merchantable volumes* (ml) for black spruce in ecoregions 8, 9, and 12 of the Yukon Territory

Heighl (m)

DBH 4 6 8 10 12 14 16 18 20 22
(em)
4
6
8
10 0.007 0.012 0.017 0.023 0.Q28 0.033 0.037
12 0.012 0.020 0.Q28 0.037 0.045 0.054 0.061 0.070
14 0.017 0.029 0.041 0.052 0.064 0.075 0.087 0.099 0.111 0.123
16 0.023 0.038 0.053 0.069 0.084 0.100 0.115 0.130 0.146 0.162
18 0.049 0.068 0.087 0.106 0.126 0.146 0.165 0.184 0.204
20 0.061 0.084 0.107 0.130 0.154 0.178 0.201 0.225 0.248
22 0.101 0.129 0.156 0.184 0.212 0.240 0.269 0.296
24 0.151 0.183 0.216 0.249 0.282 0.314 0347
2. 0.175 0.212 0.250 0.288 0.326 0.363 0.402
28 0.244 0.286 0.328 0.372 0.415 0.458
30 0.324 0.371 0.419 0.468 0.517
32 0.362 0.416 0.470 0.523 0.578
34 0.462 0.522 0.581 0.641
3. 0.576 0.641 0.701
38 0.703 0.775
40 0.845

• Snunp height=30 em
Top dilJTleler inside bark=7.5 em
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Total volumes (mJ ) ror trembling aspen in e<'oregions 4, 5, and 8 or the Yukon Territory

Height (m)

DBH 4 6 8 10 12 14 16 18 20 22 24
(em)
4 0.002 0.003 0.004 0.005 0.006 0.008
6 0.004 0.007 0.009 0.012 0.014 0.017 0.019
8 0.008 0.012 0.016 0.020 0.025 0.029 0.033
10 0.012 0.018 0.024 0.031 0.037 0.044 0.051
12 0.016 0.025 0.034 0.043 0.053 0.062 0.Q71 0.081 0.090 0.100
14 0.022 0.033 0.045 0.058 0.070 0.082 0.095 0.108 0.120 0.133 0.145
16 0.043 0.058 0.074 0.089 0.105 0.121 0.138 0.154 0.170 0.186
18 0.053 0.072 0.091 0.111 0.131 0.151 0.171 0.191 0.211 0.232
20 0.065 0.087 0.110 0.134 0.158 0.183 0.207 0.232 0.256 0.281
22 0.077 0.104 0.131 0.159 0.188 0.217 0.246 0.275 0.305 0.334
24 0.122 0.153 0.186 0.220 0.253 0.287 0.322 0.356 0.391
26 0.141 0.177 0.215 0.253 0.292 0.331 0.37\ 0.411 0.451
28 0.202 0.245 0.289 0.333 0.378 0.423 0.469 0.514
30 0.229 0.277 0.326 0.376 0.427 0.478 0.529 0.58\
32 0,311 0.365 0.421 0.478 0.535 0.592 0.650
34 0.406 0.468 0.531 0.594 0.658 0.723
36 0.517 0.586 0.656 0.726 0.798
38 0.643 0.720 0.797 0.875
40 0.786 0.870 0.955
42 0.945 l.037
44 1.122

Merchantable volumes· (mJ) for trembling aspen in ecoregions 4, 5, and 8 of the Yukon Territory

Height (m)

DBH 4 6 8 10 12 14 16 18 20 22 24
(em)
4
6
8
10 0.010 0.014 0.020 0.024 0.029 0.035
12 0.009 0.017 0.024 0.032 0.041 0.049 0.056 0.065
14 0.013 0.024 0.035 0.047 0.058 0.069 0.081 0.093 0.104 0.115 0.126
16 0.032 0.047 0.062 0.076 0.092 0.107 0.123 0.138 0.153 0.168
18 0.041 0.060 0.078 0.Q98 0.117 0.136 0.155 0.175 0.194 0.214
20 0.050 0.073 0.096 0.119 0.143 0.167 0.191 0.215 0.238 0.263
22 0.060 0.088 0.115 0.143 0.171 0.200 0.228 0.257 0.286 0.315
24 0.103 0.135 0.168 0.202 0.234 0.268 0.303 0.336 0.371
26 0.119 0.156 0.195 0.233 0.272 0.310 0.350 0.390 0.429
28 0.178 0.222 0.266 0.310 0.355 0.400 0.446 0.491
30 0.202 0.251 0.301 0.351 0.402 0.453 0.504 0.556
32 0.282 0.337 0.394 0.451 0.508 0.565 0.623
34 0.375 0.438 0.501 0.564 0.628 0.693
36 0.483 0.553 0.624 0.694 0.766
38 0.607 0.685 0.762 0.&40
40 0.747 0.832 0.917
42 0.904 0.996
44 1.078

• Stump height::=30 em
Top diameler inside bark::7.5 em

II



Total volumes (mJ
) ror trembling aspen in «oregions 2, 9, 11, and 12 or the Yukon Territory

Height (m)

DBH 4 • 8 10 12 14 " 18 20 22 24 2.
(em)
4 0.002 0.003 0.004 0.006 0.007 0.008

• 0.005 0.007 0.010 0.012 0.015 O.oI7 0.020
8 0.008 0.012 0.017 0.021 0.026 0.030 0.035
10 0.012 0.019 0.026 0.033 0.040 0.047 0.054 0.061
12 0.017 0.027 0.036 0.046 0.056 0.066 0.076 0.086 0.097
14 0.036 0.049 0.062 0.075 0.089 0.103 0.116 0.130

" 0.046 0.063 0.080 0'<:197 0.115 0.132 0.150 0.168
18 0.058 0.078 0.100 0.121 0.143 0.165 0.187 0.210 0.232 0.254 0.277
20 0.096 0.122 0.148 0.175 0.202 0.229 0.25. 0.283 0311 0338
22 0.145 0.177 0.209 0.241 0.274 0307 0339 0372 0.405
24 0.171 0.208 0.246 0.284 0323 0361 0.400 0.439 0.478
2. 0.199 0.242 0.286 0.330 0.375 0.420 0.465 0.510 0.556
28 0.229 0.278 0328 0379 0.431 0.482 0.534 0.587 0.639
30 0.374 0.431 0.490 0.549 0.608 0.668 0.727
32 0.422 0.487 0.553 0.619 0.686 0.753 0.821
34 0.472 0.545 0.619 0.693 0.768 0.843 0.919
36 0.606 0.688 0.771 0.854 0.938 1.023
38 0.761 0.852 0.944 1.037 1.131
40 0.937 1.038 1.141 1.243
42 1.137 1.248 1.361
44 1360 1.483
46 1.610
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Merchantable volumes· (m') ror trembling aspen in ecoregions 2, 9, II, and 12 or the Yukon Territory

Height (m)

DBH 4 6 8 10 12 14 16 18 20 22 24 26
(em)
4
6
8
10 0.011 0.016 0.022 0.027 0.033 0.038 0.043
12 0.010 0.019 0.027 0.035 0.044 0.053 0.062 0.070 0.080
14 0.027 0.039 0.051 0.063 0.076 0.089 0.101 0.114
16 0.035 0.052 0.068 0.085 0.102 0.118 0.135 0.152
18 0.045 0.065 0.087 0.107 0.129 0.150 0.172 0.194 0.215 0.237 0.259
20 0.081 0.107 0.133 0.160 0.186 0.213 0.239 0.265 0.293 0.319
22 0.128 0.160 0.192 0.224 0.256 0.289 0.320 0.353 0.385
24 0.152 0.189 0.227 0.265 0.303 0.341 0.380 0.418 0.457
26 0.177 0.220 0.264 0.308 0.353 0.398 0.443 0.488 0.533
28 0.203 0.253 0.304 0.355 0.407 0.458 0.510 0.563 0.614
30 0.347 0.404 0.463 0.522 0.581 0.641 0.700
32 0.391 0.457 0.523 0.590 0.657 0.724 0.792
34 0.437 0.511 0.586 0.660 0.736 0.811 0.887
36 0.568 0.651 0.735 0.818 0.903 0.988
38 0.720 0.812 0.905 0.998 1.092
40 0.893 0.995 1.098 1.201
42 1.090 1.201 1.315
44 1.309 1.433
46 1.555

* Stump height:30 em
Top diameter inside barlc:=7.5 em

J3



References

Kozak, A. 1988. A variable-exponenl taper equation. Can. J. For. Res. 18: 1363·1368

Massie. M.R; Manning, a.H.; McCloskey. K.R. 1983. Metric single-uee lotal volume tables for the Yukon
Territory. Can. For. Servo Pac. For. Res. Cent. Inr. Rep. BC·X·242. 19 p.

Oswald, E.T.; Senyk, J.P. 1977. Ecorcgions of Yukon Territory. Can. For. Servo Pac. For. Res. Cent. lnr. Rep.
BC·X·l64. 115 p.

14



Appendix 1
Taper equation model and statistics

Equation model:

In(d) = In(aJ + aJln(D) + 10(a,)D + b1ln{X)Z2 + b2In(X)ln(Z+O.OOI)

where ct; '" diameter inside bark 3l height hi (em)
D = dbh outside bark (em)
X = (l_(hfH)%)/(l_p(ll2l)

wilh hi = heighl from ground em)
H = tree height (m)
p = (HIIH)

where
HI = height of inflection point (m)

:: 0.30 for the spruces, 0.25 for pine, and
0.20 for aspen (Kozak 1988)

Z = hjH
a,b = coefficients

Equation statistics:

Species Ecoregion Equation ooefficienlS
Number R'

" " ., b, b, b, b. b, of crees

Lodgepole pine 4 and 5 0.77995 1.06248 0.99571 0.64964 ·0.03431 0.28829 -0.1064 0.155545 99 0.90
2 and 12 1.03004 0.92727 1.00155 0.55191 -0.06790 0.90356 -0.3764 0.205381 129 0.95

White spruce ,11 0.90754 0.92481 1.00213 0.11603 -0.08441 1.21302 ·0.2705 0.110240 493 0.95

Black spruce 2,4,5, II 0.98714 0.84287 \ ,0\197 0.\8757 -0.05451 0.82599 "0.2030 0.\93647 179 0.97
8.9.12 0.91046 0,96768 0.99635 0.36304 -0.13772 2.15920 -0.7757 0.176394 147 0.97

"'pen 4.5.8 0.91487 0.99355 0.99732 1.39100 -0.23648 3.57623 -1.5851 0.189703 84 0.97
2.9.11,12 0.90414 0.99438 0.99927 1.09922 -0.16723 2.5\ 179 -1.0888 0.\78431 117 0.97
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Appendix 2
Methodology and results of comparisons

Methodology

The study data were obtained from two sources: the
Yukon Forest Sevicc provided stem analysis data for
292 trees measured from 1977lO 1985, and stem analy­
sis data for 976 trees were available from a biomass
study undertaken by the Pacific Forcstry Centre from
1980 to 1982. The distribution of the Ilees by species
and ccoregion (Figure I) is shown in Table AI, while
Table A2 provides some mcnsurational data.

The variable density lapcr function used in this
study (Kozak 1988) is given in Appendix I. The stem
analysis data were separated by ~ies and ecoregion
groups (Table A3) and fitted to the taper equation to
oblain the regression coefficients. A total of 49 equa­
tions were derived.

Construction of these cqualions was followed by
the first test, an analysis of covariance to dClcnninc if
significant differences existed among ccorcgions. For
each species, the equations constructed for individual
ecoregions (Set A in Table A3) were compared with
equations constructed for groups of ecoregions (seLS B,
C, D and E in Table A3). Differences in residual sums
of squares were derived, and F-values were calculated
and assessed. For example, in Set C of Table A3, the
black spruce data were separated into two groups, one
comprising ceoregions 4, 8 and 9, the other comprising
ccoregions 2, 5, II and 12. One equation was then
derived for each group and an analysis of covariance
was made to determine if the group equation showed
any statislically significant difference from individual
ecoregion equations, e.g., if the one combined equation
for ecoregions 4, 8 and 9 differed significantly from the
three individual equations.

The second test consisted of a comparison of tree
volumes: foreach species, three tree sizes (small, medium
and large) were specified, and lIce volumes were calcu­
lated using the individual ecoregionequations (from Set
A in Table A3). These volumes were compared with
volumes from equations for the other groups in Table
A3. Thus, instead of comparing equations, volumes
derived from the equations were compared. On the
assumption that volume variability might be concen­
trated in the stump, the procedure was repeated with the
botlom 30 em removed from equations and volume
calculalions. Finally, volumes from individual
ecoregions (Set A in Table A3) were compared with
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volumes derived from two other SCLS of equations: (i)
the equations used by the British Columbia Ministryof
ForesLS applicable to the Fort Nelson-Cassiar area, and
(ii) the equations given by Massie el ai. (1983).

To derive the volume of a tree, the height was
divided into 10 equal sections and the stem diameters
were calculated from the taperequation (Appendix 1) at
the ends and midpoint of each section. The diameters
were used with Newton's formula to calculate stem
section volumes, which then were summed to yield the
tree volumes.

v = [(A,+4A,+A,)/6j L

where V = tree section volume (m)
At = area of small end of section (m2)
~ = area of the midpoint of Ibe

section (mZ)
~ =arcaoflargeend of section (m2).

and
L = section length (m) = H/10

Results ofarea comparisons

1. Analysis of covariance

All 49 equations had a good fit; Rl values ranged from
0.92 to 0.98. Of all the comparisons, the only equation
grouping that was found to have no statistically signifi­
cant difference from the individual equations was the
group comprised ofccoregions 4 and 5. This result was
common to all four species. This result indicates that,
with the exception of ccoregions 4 and 5, individual
ecoregion CQuations should be used.

2. Comparison of tree volumes

These tests were undertaken to find out what practically
signillcant (as opposed La statistically significant) dif­
ferences would occur if equations for groups of
ecoregions, or equations from other sources, were used
instead of equations for individual ecoregions. Assum­
ing that lhe equations for individual ccoregions (Sel A
of Table A3) were the most accurate, the volumes
derived from them were used as a benchmark for



comparison of volumes derived from the other equa­
tions.

The first volume comparison paralleled the analy­
sis of covariance test which compared tree volumes
derived from individual ecoregions (Set Aof Table A3)
with volumes derived from ecoregion groups (Sets B,
C, D and E aCTable A3). Volume differences of 10% or
more were considered unacceptable.

In comparisons of lrCC volumes calculated from
the combincdcquation (Set B of Table A3), only white
spruce had no differences exceeding 10%. Compari.
sons with other groupings (Sets C, D, and E oCTable A3)
revealed the following:

- for lodgepole pine, one acceptable grouping
was ecoregions 2 and 5, and ecoregions 4
and 12. Another acceptable grouping was
ecoregions 4 and 5, and ecoregions 2 and 12.
In each case, only one of the 12 volume
differences exceeded 10%.

- for black spruce, acceptable groupings were
ecoregions 2, 4, 5 and II, and eeoregions 8,
9 and 12. Only one of the 14 volume differ­
ences exceeded 10%.

- for aspen, acceptable groupings were eco­
regions 4, 5 and 8, and ecoregions 2, 9,11
and 12. Only two of the 21 volume differ­
ences exceeded 10%.

The second volume comparison, in which the Slump
was eliminated from equation construction and volume
calculations, revealed that the volume differences did
not decrease materially. The conclusion to be drawn
from this result is that differences in the equations are

not specific to the lower 30cm of the tree; hence, there
is no advantage to this approach.

In the third and final comparison. volumes from
equations for individual ecoregions (Set AaCTable A3)
were compared with volumes from the equations used
by the British Columbia Ministry of Forests and equa­
tions from Massie el at. (1983). The number of differ­
ences exceeding 10% were used as an error index. In
comparison with the acceptable groupings defined above,
both equation sots had considerably more differences
exceeding 10%, i.e., greater error.

The results of the volume comparisons indicate
that lrce volumes calculated from different ecoregion
equations vary considerably. While most differences
are small (less than 10%), some exceed 30%. This
variability is supported by the results of the analyses of
covariance. The variability may be real, or it may be the
result of the relatively small sample sizes (Table AI)
which may cause equations to exhibit greater differ­
ences than the parent populations. At the same time, if
lhe variability is due to the small sample sizes, the
individual ccoregion equations may not represent the
"true" relationships and the error due to small sample
si7.c may be larger than the error due to combining
ecorcgions. Thus, the analyses and comparisons must
be carefully interpreted; large or significant differences
do not necessarily indicate thal the groupings in ques­
tion should bedisregardcd. Rather, the limitations ofthe
tests must be acknowledged, and other factors, such as
the balance between convenience and cost, must be
considered. Also, one must remember that in most
practical applications the accuracy of estimating indi­
vidual tree volumes is not as important as thal of
estimating plot or stand volumes. For that purpose,
equations based on eeoregion groupings may be less
biased than the individual eeoregion equations.

Table AI. Distribution of sample trees by species and ecoregion

Species Ecoregion TOlal

2 4 5 S 9 11 12

White spruce 75 74 44 78 51 33 50 SS 493
Black spruce 54 36 42 41 53 47 53 326
Lodgepole pine 102 30 69 27 228
Trembling aspen 34 28 30 2. 20 40 23 201
All 75 264 138 219 liS 106 137 191 1248
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TaMe Al. Mensurational characteristics of sample trees by species

Species N~ba Diameter (em) Height (m)
of

T= Average Range CV'" Average Range CV'"

White SpllCC 493 19 3 - 95 S7 15 3·39 4'
Black spruce 32. 13 3 - 28 43 10 3 - 21 39
Lodgepole pine 228 14 2 - 43 52 12 2 - 24 39
Trembling upen 201 14 3 - 44 54 12 4 - 22 34

Table A3. Grouping of ecoregions for analyses

18

Set

A

B

c

o

E

Species

Each

Each

Lodgepole pine

White spruce

Black spruce

Each

Black spruce

Aspcn

Ecorcgion Groups

Individual ecorcgions

All ccoregions combined

2andS
4 and 12

4,Sand8
1,2.9. II and 12

4,8and9
2,5, II and 12

1 and 2
4 andS
Ilandl2

8 and 9
2.4,5, 11 and 12
8,9andl2
2,4. S and 11

4 and 5
4,5and8
4,5.8and 11
2,8,9.11 and 12
2,9, II and 12
2,9 and 12


