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ABSTRACT

Volume estimation equations for
young—-growth Sierra redwood [Sequoiaden—
dron giganteum (Lindl.) Decne] have been
developed for determining cubic foot or
Scribner board foot volume. Three dif-
ferent egquation types were developed:

local, standard and Girard's form class.
Sample tree measurements were made using
a Tele-relaskop. The new eguations
provide a more accurate estimate of
volume than previously existing Sierra
redwood volume equations.

KEYWORDS: Sierra redwood, volume estimation



INTRODUCTICN
Young-growth Sierra redwocd
[ Sequoiadendron giganteum {Lindl.)

Decne) is an important timber resource
in the central and southern Sierras
cccurring on an estimated 35,600 acres.
QOver the past several years the amount
of young-growth Sierra redwood harvested
has gradually increased and tihis trend

is expected to continue (Benson, per-
sonal communication, 1985).
Young—growth Sierra redwood are

characterized as having pointed ftops,
shallow—furrowed bark and persistent
limbs, including those that are dead, on
the entire bole.

The purpose of this study was to
develcp volume equations based on diame-
ter, height, and a stem form descriptor
that would apply to young—growth trees
in stands of different densities where
tree forms may vary.

BACKGROUND

Accurate volume estimation egua-

tions are important for developing
reliable estimates o©f harvest wvolume,
timber inventory, and for thinning,

stocking and growth and yield studies.

Volume estimation equations for
Sierra redwcod were developed by Wensel
and Schoenheide (1971), for Mountain
Home Demonstration State Forest .
Ecwever, while these ecquations have been
shown to be applicable to trees that
have developed in open stand conditions,
they have historically underestimated
the volume of trees growing 3in dense

stands on Mountain Home Deronstration
State Forest.

The specific objective of this
project was to develop local, standard,
and form class wlure equations and
tables for young-growth Sierra redwood
that will:

range of
and corre-

1) Represent a wider
diameters (10 o 80 inches)
sponding heights,

2) Accurately estimate volume Zor
all values of teaper, and

3) Will ke apolicable to the
various stand conditions at Mountain
Home Demonstration State Forest.

METHODS
Field sampling took place
during the summer of 19386. One-
hundred-sixty-seven sample trees

were measured while standing using
a Tele-relaskop. Pescriptive
statistics for the sample trees
are provided in Table

In addition to the standing
tree measurements, a sub-sample of
29 trees were felled and measured.
The relationship of standing tree
volume to cut tree volume for tne
cut trees was used to adjust vol-
ume of the standing trees.

Volume Egquation Development

Three types of veclume estima-
tion equations were developed in

Table 1. Summary of descriptive statistics for the sample trees.
Standard

Variablae N Minimum Maximum Mean Deviation

DBH (inches) 160 11.4 112.4 35.1 15.8

Total Height (feet) 160 46 243 132 39

Girard Form Class (percent) 160 35.7 93.1 7.2 7.3

Total Volume (cubic feet) 160 12.8 4,000.0 327.3 425.9

Total Volume (board feet) 160 48 29,498 2,133 3,095




Table 2, Volume estimation equaticn coefficients and cegres-
gion staristics.

Units by b1 b2 b3 Rr2 SEE N

Local

Cubic Feet 0.04469696 2.390837 0.862 1.23 158
Board Feet 0.08723565 2.699115% 0.347 1,33 158
Standard

Cubic Feet 0.00243833% 1.694874 2.098957 0.986 1.14 160
Board Feet 0.001682608 1.755856 1.490641 0.981 1.19 120
Form Quotient

Cubic Feet 0.000043153 1.723¢17 0.399809 1.048283 3.%94 1.08 158
3oard rFeex 0.0000081253 1.785709 1.354768 1.38096% 3.9%1 1,12 138
both cubic feet and Scribner becard bhj = regression

feet units: 1) local volume
egquation (equation 1), standard
volume eguation (eguation 2) and
form class volume equaticn

{equaticn 3). The form for each

equation is given bkelow, A 1lcg
base 10 transformation of the
eguation variables was used to

linearize the data and to equalize
the variatiocn.

Local V = bg DBEM (1)

[2]
bg DBHDL gbz rb3(3)

Standard V = by DBEP1 gb2

1l

Fform Class V

Volume inside bark in
cublc or board feet,

where: V =

cosfficients.
Table 2 lists the egquation co-

efficients and summarizes the
results of the equation
development. Volume tables are

provided in the Appendix.

TEST COF EQUATION RELIABRILITY

A test of the accuracy of the
volume eguations was performed
using an independent sample <tTree
data set provided by the Mountain
Home Demonstraticn State Forest
staff. The sample data
measurements included DBH, total
height and the scaled wvolume
(Scribner board feet) for 311
trees. Descriptive statistics for
these trees are given in Table 3,

DBH = Diameter outside bark Th timated 1 . th
at breast-height in e estimate volume using 12
inches, study equations was compared to
H = Total Height in feet, Fhe scaled volumg of tEe
F = Girard Form Class in independent sample trees. In
addition to this comparison a
percent, and .
; comparison was also made between
Table 3. Descriptive statistigs for the independent test trees,
Standard
Variable N Minimum Maximum Mean Deviation
DBEH (inches) 311 11.3 58.4 20.1. 8.0
Total Height (feet) 311 45 208 85 30
{board feet) 311 30 4,000 390 553

Total Volume



Table 4.

difference for board foot volumes
old equations against 311 trees

Summary of root mean squarxed error and aggregate

for the study equations and

of scalaed volume.

Aggregate Difference

(percent)

Root Mean Squared Error
(percent)

Study Study old
Equation equations equations equations equations
Local 4.4 -43.0 2.9 8.2
Standard 12.4 -32.4 4.2 4.8
Form Class 7.0 2.4 N/A

the scaled volume of the
independent sample trees and the
volume estimated using the
equations developed by Wensel and
Schoenheide (1971).

Two tests were used for the

comparison of the volume
estimated by the various
equations: the aggregate

difference test and the root mean
square error test.

Aggregate Difference Method

Aggregate difference is the
difference between the sum of the
estimated tree volumes and the
sum of the scaled tree volumes
for the sample trees. The
results of the aggregate
difference are summarized 1in
Table 4.

Results based on the aggre-
gate difference test indicate
that the new equations
overestimated the scaled volume
by 12.4 percent for the standard
volume equation while the form
class and the local equations
provided better estimates. The
old equations significantly
underestimated the scaled volume.

Form class was not measured
for the independent test sample
trees, however by using the
average form c¢lass of 67.2
percent cbtained from the
original sample trees, an
aggregate difference of 7.0
percent was obtained.

Based on this analysis the
new equations appear to provice a
pbetter estimate of Scribner board
foot volume,

Roct Mean Sguared Error Method

Another measure of the
reliability of an equation is the
extent to which the individual
obsexrvations of sample tree
volume deviate from the
regression surface (MacLean and
Berger, 1S576).

A measure of the residual
variation is the roct mean
squared error (Eguation [9]);
that 1s, the root of the mean
squared difference between the
predicted and actual volumes.
The results cof this compariscn,
expressed as a percent of the
average tree volume, are
summarized in Table 4.

Y. (Est .Vol.- Act.Vol)?

N
RMS (%) = T et Vol x 100 (9]
N
where: RMS = Percent root mean

squared error,

Est. Vol. = Estimated tree volume
based on volume
estimation
equations,

Act. Vol. = Actual tree volume,

and
N = number of trees.



The root mean squared error of
4.2 and 2.9 percent for the new
standard and local volume
equations, respectively, indicate
that they more closely estimate
the actual scaled wolume when
compared to the old eguations
with RMS errors of 4.8 and 8.2
perceant.
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Table & Stan

dard volume table* for Sicrra redwood in cubic feal

Dlameter
breast-helght
outside bark

Tetal helght

(Feer)

tinches) 10 | 50 [ 60 ¥ 70 [ 80 [ 9o T 100 3109l 2201 170724907 150 [ 160 [ 1720 100 [ 190 2001 2101 220 |
10 7 17 19 71 23 25 28
12 9 26 29 12 35 38
14 12 34 4] :ﬁiej 59
16 15 38 17 61
18 19 16 52 5 63 59 75 a1
20 23 55 62 68 75 a2 89 96
22 26 65 12 60 89 §7 105 113
24 31 75 04 93 103 112 | 122z 131 141 151 18D
26 35 86 96 107 118 128 | 139 1sa 181 172 le4
29 40 97 309 121 133 146 195 208
30 45 57 70 93 g6 | 109 123 136 150 164 220 234 248 263
32 S0 64 18 92 107 137 152 167 183 245 26) 277 293
34 102 119 w 202 289 307 325
36 113 131 149 147 204 | 223 §§§| 319 319 359
34 124 143 163 181 203 224 286 | 307 320 343 31 392
40 135 156 178 200 222 244 266 %ﬁ% 312 L3y e a0 a2
1?2 147 170 193 217 241 265 289 [ 314 339 364 189 | 414 lj%] 465
44 159 184 209 235 261 287 313 | 340 366 _393 475 503
46 253 281 309 338 _,]_6_&_‘ 395 | 424 512 542 572 607
18 272 362 332 363 294 425 | 456 551  5B3 615 647
50 2691 324 356 399 422 590 659 €93
52 311 346 381 416 451 < 631 [ 867 ) 704 741
54 332 269 406 443 481 SIB 557 672 150 190
56 353 392 432 471 550 592 715 190 840
59 soo 542 | 89 628 847 B9\
60 530 575 L 620 f G&% | 111 | 757 897 944
62 560 607 655 [ 203 1%2 | 801 B8SD  B99 948 99y
64 91 641 691 7427 79Y _£d45_ B9 949 1001 10N
66 622 €75 728 182 826 | BSO | 945 999 1054 1110
68 655 110 766 823 B39 | 936 | 994 10S1 1109 1167
70 688 146 805 864 924 | 983 | 1044 1104 1165 1226
12 906 969 1032 L1095 S0 1222 1266
74 949 1015 1081 1147 1280 1347
16 963 1062 1131 1200 1269 1339 1404
78 1028 1109 )16l 1254 1326 1400 144
80 10831158 1231 1309 1365 146l (15371

A volume (board feet) 0,001682608*DBR"1.755956%Total Helyht”1.490641



Diameter
breast-height One tenth inch
outside bark
finches) o T 1T 2T 3T 4T s T 61 3 [ o | 9
10 14 56 71 89 108 130 155 183 213 247
12 71 89 108 130 155 183 213 247 283 323
14 108 130 155 183 213 247 283 323 366 413
16 155 183 213 247 283 323 366 413 463 517
18 213 247 283 323 J6o 413 463 517 575 637
20 283 323 366 413 463 517 875 637 703 172
22 366 413 463 517 575 637 703 772 846 925
24 463 517 575 637 703 772 846 925 1008 1095
26 575 637 703 772 846 925 1008 1095 1187 1283
28 703 712 846 925 1008 1095 1187 1283 1385 145t
30 846 925 1008 1095 1187 1283 1385 1491 1602 1719
32 1008 1095 1187 1283 1385 1491 1602 1719 1840 1967
34 1287 1283 1385 1491 1602 1719 1840 1967 2099 2237
36 1385 1491 1602 1719 1840 1967 2099 2237 2380 2529
38 1602 1719 1840 1967 2099 2237 2380 2529 2683 2844
40 1840 1967 2099 2237 2380 2529 2683 2844 3010 3182
42 2099 2237 2380 2529 2683 2844 3010 3182 3361 3545
44 2380 2529 2683 2844 3010 3182 3361 3545 3736 3933
46 2683 2844 3010 3182 3361 3545 3736 3933 4136 4346
48 3010 3182 3361 3545 3736 3933 4136 4346 4563 4786
50 3361 3545 3736 3933 4136 4346 4563 4786 5016 5253
52 3736 3933 4136 4346 4563 4786 5016 5253 5497 5748
54 4136 4346 4563 4786 5016 5253 5497 5748 6006 6271
56 4563 4786 5016 5253 5497 5748 6006 6271 6543 6823
S8 5016 5253 5497 5748 6006 6271 6543 6823 7110 7404
60 5497 5748 6006 6271 6543 6823 7110 7404 7706 8016
62 6006 6271 6543 6823 7110 7404 7706 B80l6 8334 8659
64 6543 6823 7110 7404 7706 8016 8334 8659 8992 9333
66 7110 7404 7706 8016 8334 8659 8992 9333 9682 10039
68 7706 8016 8334 8659 8992 9333 9682 10039 10405 10778
70 8339 8659 §9%2 9333 9682 10039 10405 10778 11160 11551

* Volume (board feet) = 0.08723565*DBH"2.69911



Table B, Loca

Diameter

breast~height
outside bark

One tenth inch

] volume table* for Sierra redwood 4p cubic feet,

(inches) 0 1 12 3 2 | 5 | & 7 B 9
10 11 14 17 21 25 29 34 39 45 51
12 17 21 25 29 34 39 45 51 58 65
14 25 29 34 39 45 51 59 65 72 81
16 34 39 45 51 58 65 72 81 89 98
18 45 51 56 65 72 81 89 99 108 118
20 58 65 72 81 89 98 108 118 129 140
22 72 81 89 9 108 118 129 140 152 164
24 89 98 108 118 129 140 152 164 177 191
26 108 118 129 140 152 164 177 191 205 220
28 129 140 152 164 177 191 205 220 235 251
30 152 164 177 191 205 220 235 291 267 285
32 177 191 205 220 235 251 267 285 302 321
34 205 220 235 251 267 285 302 321 340 359
36 235 251 267 285 302 321 340 359 380 401
38 267 285 302 321 380 359 380 401 422 445
40 302 321 340 359 380 401 422 445 468 493
42 340 359 380 401 422 445 468 491 S16 541
44 380 401 422 445 468 491 516 541 566 593
46 422 445 468 491 516 541 566 593 620 647
18 468 491 S16 541 566 593 620 647 676 705
50 516 541 566 593 620 647 676 705 735 766
52 S66 593 620 647 676 705 7135 766 197 829
54 620 647 676 705 735 766 797 B29 862 B96
56 676 705 735 766 797 B29 862 B96 930 965
58 735 766 797 829 862 896 930 965 1001 1038
60 797 829 862 B96 930 965 1001 1038 1095 1113
62 862 896 930 965 1001 1038 1075 1113 1152 1192
64 930 965 1001 1036 1075 1113 1152 1192 1233 1274
66 1001 1038 1075 1113 1152 1192 1233 1274 1316 1359
68 1075 1113 1152 1192 1233 1274 1316 1359 1403 1447
70 1192 1192 1233 1274 1316 1359 1403 1447 1493 1539

* Voluwe (cubic Feet) = 0.0446969%96 » DBH"~2.390837
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Table ¢. Fform class volume Cabje* for Slerra redwood in Scribner beoard feet (6 inch top,
Girard Form Class = 694}
Dlameter

breast-helght Total helght {feet)

outslde bark

— {Uochesy | 5
10 ¢ 39 111 123 136
12 120 136 154 171 189
it 158 201 250
16 229| 257 %é; ki)
18 248 283 318 354 382 430
20 300 342 384 424 174 520
22 356 405 456 5098 562 617
24 120 161 208 308 361 416 474 533 594 657 721 187 B55 921
26 139 188 241 I:szs__?lj 355§ 417 481 541 6l6 686 158 833 909 98?7 1066
28 159 215 215 339 106 476 549 625 703 184 10368 1127 12149
a0 180 243 3n 383 459 [ 539 622 07 796 887 9g1 1077 : 1276 1376 1483 1590
J2 202 273 349 431 516 698 794 834 9956 1101 1209 1433 1548 1665 1785
31 480 575 675 986 1311 1228 1471[3%{]}]]?26 1857 1991
38 532 637 748 862 11041 1211 1361 1630 1912 20%8 2206
Ja 586 702 424 950 1001 1217 1646 1797 1950 2107 2260 2431
40 643 70 %03 1042 1196 1334%1905 1970 21139 2311 5. 2665
42 702 841 966 1138 1299 1456 1623 | 1794 1970 2150 2334 29522 Eﬁuﬂh] 2909
44 1631 914 1012 1227 1407 1563 1764 | 1951 2142 23138 2538 2250 3163
46 1339 15249 1715 191) 2320| 2532 | 2749 4 3196 3426
48 1446 1645 1851 2063 228][25515] 2733 | 298" 3449 3698 195G 4207
50 1556 1770 1992 2220 2454 5 1198) J?l?d_g_}‘_g:] 4251 4527
52 1669 1899 2137 2332 2631 09 3426 3983 4561 48LEB
54 1786 2033 2287 2549 2818 3094 3377 3961 | 4262 1881 H1496
56 107 2170 2441 27121 3303 2605 39131 4228 4550[}3% 5210 5540
58 2898 1312041 3518 3839 4168} 4503 5549 5910
60 3080 3405 [ 3738 40801 4429 ﬂﬂsﬁt%%] 5897 6281
62 3266 3611 3965 L4327 46081 5076 5462 5855 €255 G662
64 3458 3823 4198 4581 4973 5374 57B2 6198 6822 1053
66 3654 4040 4436 4842 5256 967%| 6111 6551 6998 1453
3] 3856 42631 4681 5108 5545 5942 | 6447 6911 73B9 1064
70 4062 4491 4931 9381 5842 L£312 | 6782 7281 1778 B284
72 5660 6145 6640 1144 2182 8714
T4 5946 6455 6974 7505[1}% 4594 9153
76 6238 6771 1317 TBT3 8439 9016 9602
78 6535 71095 7666 8249 49B4Z 9446
890 e B39 1423 2023 8632 9233 94886 229

* Volume (board feer) = 0.000Q0081253 * DBI"Y1.795709 * Total Height™1.354768 * £5°1.3909690
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Lable 10, For z

Diameter

breast-height
outside bark

Clazs = 63%)

Total height (feel)

{inche sl 40 1 50 1 60 | 70 [ g0 ] 90 [aoo | jjoeT p2e L azol sq0T1se 1o T 370 [ age T 100 [ 200 [ 210 [ 220
10 7 9 15 16 18 20 22 24 25 27 29 31 23 35 36 38 <0
12 10 25 27 30 32 s a7 40 42 45 47 50 52 55
14 13 33 19 ﬁj 46 49 52 55 59 62 65 68 72
16 16 4% 57 61 64 70 74 78 a2 a6 40
18 20 45 50 55 60 | &5 70 75 20 85 90 95 100 105 L10
20 24 54 60 66 12 14 a4 90 96 102 108 114 120 126 132
22 28 64 71 78 85 92 99 106 113 120 128 138 142 149 156
24 33 74 42 91 99 107 115 123 132 1410 L48 156 165 173 181
26 38 85 95 104 113 123 | 132 142 151 161 170  1BO 189 1%g 208
28 43 54 64 75 96 97 107 118 129 140 172 183 193 204 215 225 236
a0 18 60 73 a5 381 109 121 123 145 1597 169 206 218 230 242 254 266
32 54 64 81 95 108 135 149 162 176 189 230 2493 257 270 284 297
14 105 120 135 165 195 210 240 ﬁfﬂ 270 285 300 315 330
36 116 132 149 166 199 | 215 232 265 298 315 131 3B 384
39 127 145 164 132 200 218 _u_g__zzﬁj 273 | 200 306 327 345 36) 382 A0D
40 139 159 119 149 218 230 250 2an 31y 138 57 307 M1 431
92 151 173 194 216 238 259 281 302 dz24 346 167 1449 [:iié:] 432 4154 475
44 164 187 211 234 2571 281 304 J24 51 374 144 445 4168 491 515
46 283 278 103 328 379 [ 404 | 429 480 505  S30  S56
48 272 299 126 353 a6l 408 | 435 a6z S16 544 571 594
50 292 321 350 379 408 T 496 554 612 642
52 312 343 174 406 431 530 59 I:%g] 655 686
54 333 366 400 433 466 500 533 5 599 633 699 33
56 355 390 426 461 dﬁﬁ: 532 567 603 ] 618 | 674 Iji_&g] 145 7g0
sg 490 565 603 [ 640 | s78 791 A829
%0 519 559 599 | 639 | 679 | 719 8319 878
67 546 552 634 66 18| 161 801 845 887 910
64 580 625 664 114 759 _BO3 848 893 9317 D82
66 612 659 106 153 GOOD BaT 8%4 941 908 1035
69 644 694 7413 193 842 692 941 991 1040 1090
70 677 729 781 B33 885 | GIB | 9%0 1042 1094 1146
13 875 930 984 1039 1148 1203
74 917 974 1032 1089 1204 [26]
16 960 1020 1080 1140 1200 1260 1320
18 1004 1067 1130 1192 1259 12318
09 1049 13115 1180 1246 1311 1J?7|_M_*I%

* valume (cuble fect) = 0.000043153 * DBNH~1.723417 * Totael Helght®C.999808 % 65~1,040203



