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Composite Volunle Tahles for Timher and 

Their Application in the Lake States I 

By s. n. GEYOIIKllNTZ: POI'ester, und L. 1;'. OLSEN, J.:llaJlItical Statistida'lI, Lake 
States Forest Experiment St,at,ion; PO/'est Service 

INTRODUCTION 

Volume tables ShO\\';'lg the contents of trees of given sizes accord
j,ng to some unit of mellsm-e nre essential to most forestry work. They 
are used :In estimating the amount of standing timber for timber sales, 
forest llHlnagement plans, forest surveys, appraisal of damage, and 
forest valuation in general. TIley are essential for studies of volume 
and gro\vth. 

• 
The present trend is toward the use of fewer tables which can be 

modified or ad,; usted on the basis of observed differences in stand 
composition and tlle factors affecting both total and utilizable volume 
of tallied trees. Such un npproach is not only more convenient in field 
application but also more accurate tlHll1 tlle use of many of the common 
tables for individual species because it requires an appraisal of the 
characteristics that affect the volume of the timber to which the table 
is to be applied. 

The purpose of this publication is to explain the development and 
use of a series of Lake States tables for w.hich there has been consider
able demand. TIle concept used is that for any unit of measure there 
will be a single table applicable to the average run of timber through
out tlle Lllke States, regardless of species. Composite tables reflect 
the frequency of occurrenCe of the different species within the region 
and tlle average form and bark tl1ickness of all species. Since extreme 
precision in gross yolume estimates is seldom necessary, the applica
tion of such a table to stands occupying large areas or to smaller stands 
which do not differ to :t Inar-ked degree from the average run usually 
gives estimntes sufficiently accurate for fhe purposes of most users. 
Only a stand ta] I~T and height curves are required for estimation 
of these stnnds. For tIle occasional stand showing wide differences 
from tlle average in forrn, in bark thickness, in merchantability, etc., 
correc60n factors cun be applied to make ndjusbnents for these di£.. 

Submitted for lllli)li(':lt:ion !\lay 20, 19[,4. 
2 AcknOly,lecigment is Illude to the numerous foresters who hlH'e participated 

in teRting these 1::1\)1('8 :tnd who hase contributed yaluable suggestions on how 
Slid] t-ah]ps (,olll(~ he Illude llIore usefuL 

~l\Illilli:nill("d by flip I:. f-;. Department of A.gri('ulture. Forest SerYice, 111 
cooperation with the Unh·ersit~· of Minnesota, St. Paul 1, Minn.• 

I 
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ferences. Similarly, these correction factors can be used to correct 
small divergencies in valuable timber. 

The concept of 00mposite tables is applicable to other regions. In • 
fact, some Lake States composite tables .are being used with consider
able success in the Cent,~al States region and in some of the Eastern 
and Southern ~tates. ,Vith the recently developed adjustment fl!-c
tors presented III tIns report, the composite tables can be more easIly 
applied in other regions; the same base can be used in any locality 
with adjustments for variations in the chief factors affecting tree 
volume. Corrections for form class, upper taper, bark, and merchant
ability are not local but, rather, general in application. Species ad
justments can be developed locally 'when necessary. 

The basic pattI t \n of the tables, their use and accuracy, and the 

various adjustmen" factors are presented in this report. 


COMPOSITE TABLES VERSUS SPECIES TABLES 

All volume tables Imve limitations. Most of those 'which have been 
constructed ill the past are tables for individual species. One volume 
table for each species, however, is not the final answer, as trees of a 
given species may cliffer in form, class, bark, and merchantability 
from one region to another and eVCll in the same relatively restricted 
area, dependillg on site, density, age. :md management and utiliza
tion practices. TIence, a large munber of volunle tables for each 
species are required within a region. For example, several jack pine 
tables would be needed to depict local differences lunong the various. 
sections of Minnesota. On the other Jland. it is probable that none 
of these local tables would correctly represent the species over the 
entire State. . 

Although a number of y01ume tables do exist for many of the majo.... 

species in the Lake States, most of them were de\-eloped f'ither from 

sample trees covering a large area and llence are lIot necessarily 

applicable to small stands, or they were based on measurements from 

cut trees 011 one or two logging operations and thus might not be rep

resentative of other areas. 


In place of numerous tables to coyer :311 possible stand variatjons, it 

is more practical to use one htble with a set of corrections for form 

class, bark. and bLper whi('h will enable the user to apply the table to 

any specified stand. Such a pl'ocedure requires that valuable timber 

be scrutiuized for stand yariations in order to prov.icle a proper basis 

for necessary adjustment. It. also alerts the cruiser for cllflnges in 

timber form and gives him training that pays off in more accurate 

estimates. 


During an analysis of some 47 samples of st:mds distributed 
throughout the Lake States region and including 17 species, it became 
apparent that species differences are of little practical significance in 
estimating board-foot scale. In fact, as much variation existed within 
a species as between species. After accounting for form class and • 
taper variations, all based on inside bark dimensions, the residual 
errors appeared to be random alld slw,,"eclno correlation with species. 

Usinl;' no corrections for either form class or taper differencies, 56 

comparIsons of composite table estimates were made (fig. 1) w.ith those 
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SUGAR MAPLE, BASSWOOD 
a YELLOW BIRCH 

• 

o SPECIES TABLES • COMPOSITE TABLES 

FIGUItE I.-Percent deyjations from actual volumes of uG estimates made with 
composite and species volume tables. 

based on some of the existing species tables 4 with the followiI13 
results: 

NumlJcr of tp''/al8 
-Oomp08itc SlJCGic8 

tn/Jle in lJ/c
Percent deviation from actual yolume: csliJJ/"tr,~ c8limntc8 

0-4.0 --------- .-•. ---- -____________________________ 24 17 
4.1-8.0 _____________________________________________ 18 21 
8.1-12.0 --------__________________________________ 14 10 
12.1+___________________________________ ___________ 0 S 

• 
Total tests_____________________________________ un uG 

'ii'orest Survey Staff. Yollllne tables used in councction with the Forest 
Survey. O. S. Forest 8el'l'., Lake States Forest Expt. Stu. Econ. Note 8, [35] 
pp. 1937. [I'rocessed.] 

Brown, R.M., and Geyol'kiuntz, S. n. Volumc, ~'ield, and stand tables for tree 
species in the Lake States. l\linll. Oniy. Agr. 1J]xpt. Sta. Tech. Bul. 1u), 208 pp.
1934. (Rev. and enl.) 
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The local species tables are not superior to the composite tables. In 
fact, the use of some of the species tables resulted in large errors rang
ing from 12 to 22 percent. ~ome of these large errors arise from local 
taper differences; a species table may be applied very weU in one place 
and be as much as 10 percent in error in another place. 

Other difHculties deyelop from the use of the existing species tables. 
The measurements in some tables are to a fixed top, and others are to 
a Ytlriable top. Some tables are based on total height, others on 111er
chRlltable l)eight. X etn·]y all diffet· in regard to taper. Their correct 
application requires knowledge of the ilnplied taper and the stand 
characteristics lIpon '\'hicI1 t11e tables are based. Such :information 
is seldom giyen~ or, if :rntilable, can 1':11'ely be used in practice. 

The composite tables, on the of-her hal1CL are fe'.Y in 11Llll1ber and 
the user can easily ]ll'come famili:ll' -with their basic premises. Since 
they al'e based on a large representatiYe sample, 11e can apply them 
without correction to Jarge <lre~lS. In other stands with local peculiari 
ties, when accurate est-imates are :needed, l1e is proYided with the 
iJlfOl'l1lation necessary to make adjustments. 

Previously, an attempt ,vas made to incorporate "species correction 
factors" in t11e two composit-e board-foot tables presented in this re
port. It became apparent, howe\'cr, that these corrections were in 
reality the eomhine{l efl'ects of form class amI taper differences which 
can be associated ,yjth certain species over the entire Lake States area. 
In tJl;S sense they may he cal1ed species correction factors. If they 
were obtained in a random ma11Jler over a large area, these species 
conection fadol's migM improve estimates considerably when applied 
to large areas. They would be less satisfactory in more restricted 
stands because taper is greatly inflllenced by the past history of the 
stand, density of stocking, age, and cuttings. These individual stand 
variRtions frequently obliterate tlle species effect. It is preferable, 
therefore, to relate adjustments more directly to form class and taper 
whenever it is possible or practicable to do so. 

Success in estimating sawlog stands depends entirely on the ability 
of tIle estimator to recogni.ze -and correct for form class and taper 
peculiarities as comp}trecl to the taper shown ill the volume table, 
wllethel' it be tt composite 01' a species table. There are a fe,," species 
which, because of large inherent differences in bark thickness or taper, 
will always require a relatively large adjustment for accurate esti
mates.. These :include such species a.s beech, dense old-growth pines, 
and wlute ORk. 

CO:MPOSITE TABLES AND STANDA.RDS OF 

MERCHANTABILITY 


Six composite tables are presented on the following pages: Tables 
J and 2 show bOH.rcl-foot. volume based on the Scribner and Interna
tional l,4-.incll rules; table 3 shows the cubic-foot volume of the entire 
tree stem; tables lJ. lInd Ii Sl10W corc1woocl volume by total height 
assumjng minimum top c1iarneters inside bark of 4 ancl3 inches, respec
tiveJy; a.nd table G, also a cOl'dwood table, shows volume by number of 
bolts. All volmues are gross. 

• 


• 


• 

,
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COMPOSITE VOLUME TABLES FOR TIMBER 5 

The Scribner and Internutional rules were selected because thev 
.... re those most commonly used in the Lake States region. In general, 
the Scribner .rule is used by industry and both Scribner and Interna
tional rules by State anel Federal agendes. Cubic-foot measure is of 
interest primarily to research workers in estimating tree growth. 
Cordwood .measure is used by the pulpwood industry as ,yell as by 
companies using box bolts or wood for container voneer. 

The standards of mm:ch:ll1tability assumed in the following 
tables are: 

Board-foot vol1trne.-Tlus is the gross scale above a l-foot 
stump to a point on the stem where merchantability is limited by 
branches, defect, or deformity. Top diameters are variable, the 
minImum being 8.0 inches inside bark for hardwoods other than 

TABLE l.-Oornposite table: gross VOZ'u,1I1e 1 in board-feet (Scribner 
r'ule) by n1/,mber of l6-foot logs 

Diameter I \'olume wben number of IG-foot logs is
breast high 


7~ 1 i 1~ I 2 I 2% I 3 I 37~ 4
(inches) 	 5 

-.--1-- __I __'~---- 

BWTd- BoaTd- :.Board-I !3oCtrd- IBoc/'l'd- 1!3o(l,rel- BoaTcZ- BoaTeI- BO(I.l'rL
fect feet feet jeet feet feet feci, feet feet8_ . __________ , 10 16 24 31


!l ___________ -l 13 23 31 39 41i ------ ------ ------ -----10 __________ -1 17 30 40 49 57 62 

1] ___________ 1 	 ------ ------ -----22 38 51 62 71 78
12___________ 	 ------ ------ --- ---I 28 48 GG 78 89 100 108
13 ___________ 	 ------ ----- 

34 5!l 81 9G 112 126 138 145
14 ___________ 	 -- 
40 70 06 116 141 IGO 170 178 

--~ 


15 ___________ 	 ----- 
47 81 113 ]37 IG6 ]88 204 220
lfi ___________ 	 -----54 93 120 158 191 224, 248 2G3
17 _____ .______ ]oe 	 ---- -63 148 182 218 257 285 308 3'10
18 ___________ 72 122 IG8 207 248 2(l2 325 355 395 

81 137 HIO 234 280 328 3G8 40,5 455 

no l5G 212 262 317 36G 4l.'i 450 520 


100 173 2:38 203 351 405 4GO 505 585 

11] 1\)4 2G2 328 :302 450 ,510 560 6GO 


;g:::::::::::1 
~~=~~=~:~~===23 ___ .. - ~ ~ - -- 123 	 215 2no :3GO 435 500 560 G20 730

24 __ .. __
25 _____ -- -	 137 23G 31!l 400 470 550 (;20 (HlO 800 


. ~ - - -- 140 258 348 440 520 GOO G80 7GO 880 

2G_ 	 ](i5 281 381 4.80 ,5G5 G50 740 820 ~)50
-27 ___ .. ,- , ! 	 1'10 305 415 520 620 710 800 SOfl 1, 030

28 .. ____. .. -I In5 331 MiO 5GO G70 no 860 nGO I, 120 

20_ .. _ _ _ _ ... __I 210 35G 485 GOO 720 830 930 1,030 ],200
30 ________ 227 383 520 n50 770 8110 1,000 1,110 I, 200
31 ___________ 

2't5 IF! 0 560 700 830 nf>O 1,0BO 1,200 1, 380 

3? 2GO 440 GOO 740 SOO I, 020 1, 150 1,280 1,470
'- .. ,---------1 	 270 470 G+O 700 ()50 11,080 1,230 1, 370 1, 5GO
33_ .. ________ 

?~-- ---------1 	 2()4 500 (i80 84() I,OIG I, HiO 1,300 1,4GO I, G70 
312 5ilO 720 noo 1,080 r. 23O 1, 3!l0 I, f>GO 1,7(l0
330 5G5 770 IlGO I, :140 1,310 1,480 I, Gf>O 1, (l0037~~===~== ______ =:===!!____ ~ 340 (jOO 820 1,020 1,210 1, aDO 1,570 ],7.50 2, 01038 ___________ ! 3G5 0:30 	 sno 1 -1,270 1,470 I, GGO i 2, ]201,070 ___ .. _______30 : 	 38,1 GGO 000 I, ] 30 1, 3:~0 i:l, f>f>0 ( no 

1
1,040,84O 2, 240


40 ___________ ! 	405 700 D,SO 1:1,180 1, 400 ,I, G30 1, 850 2, 050 2, 350
I 

1 The bold figures in the upper portion of the table show \'OlUllll~ to a top diam

eter of G.O or more, but less t;hUll 8.0 inehes and hCllce are applicable ollly to soft
woods, 

305773-55-2 
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aspen and 6.0 inches inside ba,rk for conifers and aspen. The 
standard log assumed is 16 feet in length. 

O~lbio-foot volume.-This is the total gross volume excluding 
bark. It includes stump, stem, and tip, but no branches. 

Uords.-Volume measured is standard rough (unpeeled) 
cords-a cord being 4 by 4 by 8 feet. It includes the stem wood 
above a I-foot stump, measured in 8-foot bolts, toa point on the 
bole where mer~hnntabi]ity is limited by branches, defects, or 
deformity. Top diameters are variable but not less than 4.0 
inches (3.0 inches for composite table 5) inside bark. Careful 
piling is assumed, equivalent to 79 cubic feet of wood or 92 cubic 
feet of wood and bark pel' corel. Such piling is characteristic 
of pulpwood loaded in railroad cars. 

TABLE 2.-00mposite table: gross voMlmeJ. in board-feet (Interna. 
tional V4-inoh '1'1.de) by number of 16-foot logs 

Diameter Volume when lllllnber of Hi-foot logs js 
breast hjgh . 


__C_in_c_he_S_)_I__H__1_ 17'z ~ 2~~ _3_!~_4_'___5_ 

Board- Board- Board- BoaTel- Board- Boarel- Boarel- Boarel- Board
feet feet feel feel Jeel feet feet feet feet8___________ _ 35 46 _____________________________ _15 249___________ _ 44 54 63 ____________ . ___________18 3210___________ 21 39 54 68 761 81 ______ 1______ ----- 11 __________ _ 68 82 9J 98 _________________ _25 4812__________ _ 80 100 114 1241 130 ___________ _30 5713 __________ _ 

36 68 96 118 134 149 161 171 _____ _
14.___________ 4.2 79 110 140 163 184 194 205, _____ _15 __________ _ 

50 921 128 160 188 214 232 250:_____ _16 ___________ 
59 105 147 180 213 247 274 295 1 32617__________ _ 66 118 166 208 24.5 281 314. 340 37818__________ _ 
74 1351 188 23.5 278 320 360 4.00 4.4019 __________ _ 152 212 265 314 360 405 4.50 50020 __________ _ 

21 _________ _ ~~I 170,1 236 295 350, 400 4501 .500 570
1021 1891 262 328 390' 4501 505! 550 63522 __________ _ 
112 209: 290 362 430; 495' 555' 610 715I23 ________ . __ 122 2281 3] 6 396 4701 540 6101 680[' 80024__________ _ 
133 2.52: 346 430 510; 59.5 670 740 870 

<)-~o __________ _ 145 275' 376 470 555' 645 730 810 95026 __________ ,. 158 300! 410 510 605: 700 790 880 1, 020
27. _ . _____ .. __ r

172j! 3251 44.0 ~f)QI Q501 760 8501 950 1, 100 
28-----------1 

U~7 348 480 o90i !OO, 8~0 920 1,020 1, ~9029 ______ . ____ , 203 3781 5]5 ~4Q! 160, 810 990, 1,100 1. ~80
30 ____._ ..• ___ 1 220 410, 550 6801 810. 930 1, 060; 1, 180 1, 360
31. ______,_._.' 237 440, ~93~ ~401 870 1,OQO 1, ~4011, 2~0 1, ~~O 

254 470 6 v 190 930 1,010 1, ~101 1,300 1,00033 .. . --,'32_____________ __ 270 5001' 680 8401 990, 1, 140 1, 290, 1, 4401 1, 6.5034,__________ _ 291 530: 725 90011, 060 1, 210 1, 380! 1, 530, 1, 760
35 ___________ , 311 5651 770; 950, 1,120, 1,290 1, '160, 1,630: 1,88G36___________ 1 333 (iOO' 820: 1, 010; ], 11)0 1, 370 1, 5501 1, 725; 2, 000 
37 __________ .1 3531 635 1 860 1, 070, ], 2pO ], ~50 1, Q401 1, 830 2, 12038___________ ! 1374) 670 910 1,120, 1,330 1,030 1,130 1,930, 2,240
3!L__________ ; 394.! 705; 9(i0 1, ;~O, 1,400, 1, Q2011, 830: ;,040i 2,360 
4.0_ .---------1 415 7.15; 1,OlD 1, _vOi 1, 480, 1, 100 1, 930j ~, 160 2, 480

1 l 1 

I The bold figures in the tipper portion of the table show volume to a top (liam

• 


• 


• 

eter of 6,0 or more, but less than 8.0 inches and hence are applicable only to 
softwoods. 



7 .COMPOSITE VOLUME TABLES FOR TIMBER 

• 
TABLE 3.--00mpo8ite table: gro88 peeled volume in C1.l.bic feet, entire 

stem, by total height 

Yolume when total height is-
Diameter 

breast high 
(inches) 100

20 I F~t I 40 \' 50 60 'Ii 70 80 " 90 1I' 11 

.feet L~J~~~ feet .feet ~~ 
------;---1 l i 

Cubic IC1l01:C C1/,bic C110ic C1lbic IC1lbic Cubic! Cub'ic Cubic 
~ M ~ ~ ~ ~ ~I~ ~ 

1::::====:::: '0: ~ .~: ~ ~: ~ t g --2~2- ====== ====:=1=====:1::====
5____________ 1. 3 1..7 2.3 2.9 3.4 4.0 _____ J______L____ _ 
6____________ 1. 9 2.5 3.3 4.1 4.9 5.8 ___________J _____ _ 
7____________ 2.6 3.4 4.5 5.6 6.7 7.8 9.0 _____ J _____ _ 
8____________ ______ 4.4 5.9 7.3 8.8 1.0.3 11.7 13.,2' 
9_.___________ ______ 5.6 7.4. 9.3 11. 1. 13.0 1.4.9 16.7 18.6 
1.0___________ ______ 6.9 9.2 11.. 4. 13.7 16.0 18.3 20.6 22.9 
11 __________ -,-___________ 11.1. 13.9 16.6 19.4 22.2 24. 9 27.7 
12 ___________1_____+ _____ 13.2 16.5 1.9.8 23.1 26.4 29.7 33.0 

U=::=====:=: :==::=C==:= i~: g ~~: ! ~~: ~ n: ~ ~i: g :6: i. ~~: ~ 
15 ___________1______1______ ;0. ~ 25.8 30.9 36. 1 41.. 2 46.4! 51. 5 
16----------- ------ ______ _3.:) 29.3 35.2 41. 0 46.9 52.8 58.6 
17_________________ \______ ' 26.5 33.1 39.7 46.3 53.0 59.6 66.2 
18 ___________ 11______ ------1 29.7 37.1 44. 5 51. 9 59.4 66.8 74.2 
19_________________ ,______1 3363.. !, 41.3 49.6 57.9 66.2 74.4 82. 7 

~~::========t===:::======l ______ !8: ~ g8: gI' *6: ~ ~6: ~ I~g: g 15i' 6 
22 ! ii, 55. 4 66. 5 ii. 6 8S. 7 ' 99. 8 111• ~~===========:======:==:=== ======1 ~g: g ~~: ~ !~~: 1 15~' 9 i~~ U~ 
li:~~~~~::m,:~~m::~~m,mml illlH i !111 IE 1mm 
30___________ ,______ :______ ------)'103 124 1/144 165 186 206 

I ! ' . 

TABLE 4.-0omposite table: gross 'Volume in rough cords to a raar'iable 
top diameter in.side bar'Jc of not less thanit.O inches, by total, height 

VoluJUl' \du'l1 total height j,,- PercentDiameter i_....---,_._,--_.,.-_.,,--._..,.-___-...____l of total 
breast highi! : I' I i I height

(inehe3) ;:1O! 30 40' ,50 . 60 110 ; 80 90; 100 utilized I r feet I feet Jeet 1 feet I [('Pc feet 1feet feet I feet. 

----1'--.'--.--1--'--1----1--;--'1---
,Cords!CordSiCOrdslCordslcordSl Cords: Cordsi Cords, Cords' Percent 

5___________ jO. 006.:0. 008,0.011 0.0150. OI8t 02L ____ _____ '_____ ~~ 
6___________ . 013f . OISI .025 .032 .038 . 046! __________ '____ _ 
1___________1 .021, .0281 .0391" 04.8 .0581 .010 0.0801__________ 46 
8___________ '_____ .039!. 0.54.. 068 . 0.82 .0971 .• }lliO. 126-____ 51 
9___________ '_____1 .052 .012j .089 .108 .128 . HI! .168 -----1 ~'85 
10__________ 1_____ .066 . O~l1! .114 .138 .163 . lSI. 2120. 236 v

1lL_________ ,_____ ,_____ 1 .111 .140 . JlO .2001 .2301 .26·5 .2951 61• 
1 j 

See footnote at end of tahle. 
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TABLE 4.-00mposite table: gross volume in rough cords to a variable top 
diameter inside bark of not less than 4.0 inches, by total height-Con. 

Volume when total height is- PercentDiameter •(If totalbreast, high 
heightCinches) 20 30 40 50 60 70 80 I 90 100 

utilized 1feet feet feet feet feet feet feet feet feet-----I-------____________!_____ 

Cords Cords Cords Cords Cords Cords Cords Cords Cords Percent
J2. ____________________ . ]36 .173 .210 .247 .280 .320 .357 63
13 ____________________ .164 .208 .252 .297 .335 .380 .4.3 65
1,L_____________. _____ . H)2 .243 .295 .347 .40 .45 .50 67
]5____________________ .225 .285 .347 .40 .46 .52 .58 69
]6____________________ .257 .325 .39.4 .46 .53 .60 .67 70
17 ____________________ .292 .370 .45 .53 .60 .68 .76 72
]8____________________ .328 .42 .50 .59 .68 .77 .86 73
19 ____________________ .367 .47 ..56 .66 .76 .86 .961 74
20 ____________________ .4] .52 .63 .74 .85 .96 1. 07 75
2L________________________ .58 .70 .82 .94 1. 07 1.]9 76
22_________________________ .64 _ 77 .91 1. 04 1. 18 1. 31 77
23____________________ , _____ .70 .85 1. 00 1.]5 1. 29 1. 44 78 
24 _______________ -----I-----t .76 .93 1.09 1. 26 1. 4.2 1.58 
25_________________________1. 83 1. 01 1. 18 1. 37 1. M 1. 72 

78 

26---------- 1. 09 1. 27 1.47 1. 65 1. 85 80-----1-----1----- .90. 
79 

2'-__________________1 ____ 1 .97 L]8 1. 38 ].59 1. 80 2.02+ 80 
28----------l-----,----- _____ ,1.04 1. 27 1. 4.9 1.71 I. 93 2. Iv 81 
29__________ -----I-----I-----i1. 13 i1. 37 1. 60 1. 85 2.08 2.32 82 
30----------,----- -----1-----11. 21 i1. 47 11. 72 1. 98 2.24 2.49 83 

I This includes a stump height of 1 foot which lllust; be deducted in estimating • 
.number of bolts. If actual percent; is greater or less than that indicated, the 
c:;timaLed volume will be corre~.Ponc1illgly ill error. 

TABLE 5.-00mposite table: gross volume in 1'ough cOTds to a variable 
top diameter inside bark of not less than 3.0 inches, by total height 

Diameter I Volume when total height is- Percent 

breast . of total 

high ! 20 I 30 t 40 : 50 I 60 , 70 I 80 I 90 I ] 00 hcight 


__Ci_n_c_hc_'s_)_1 feet 1 feet' feet feet Ifeet feet I feet, feet _f_e_e_tl__l_lt_i1_iz_,e_d_1_
1 

lCords' Cords Cords Cords' Cords'Cords: Cords Cords'Cords 
~ ___________ ;O. 005 0.007 0.010 0.012,0. 0151-----1----- _____ 1____ _ 
.J___________ , _ 0]0.. 0]3 .019 . 024 1 .029 0.034 ----- _____1____ _ 33 

44
6 ___________ 1 .0] 6 . 02~ .030 .0371 _04.5 .0541 ______________ _ 5017 ___________ , .023' .0321 .04.3' .054' .065 .0780.088 ----- ___._ 5;'
8 ___________ 1_____ : .043, .059; .074 .090 .106, . ]21 O. ]371 ____ _ 59
fl________________ , .05U: .076i .095 .117 . ]371 .157 .178 ---- 

1 
621O_____ • ________ .! .070,' .0951 . ]20 . ]45 . ]7]1 .]97 . 222iO. 248 
61 

11._________ , _____ ' _____ . n5i .14.5 .175 .208 .2:371 .270 .300 63
12 __________ , _____ : _____ : . ]38' .175 .212 .2.50 .287 .324 .361

1 65
]3__________ , _____ :_____ 1 .164; .208: . 2.'i~ .297 .838 . 3~21 .!3 66
]4_______________ j_____ ' . ]921 .24.3, . Z9!J .347 .40 .4.) . :)0 (is
]5----------' _____ 1_____ , .225, .285\ .347 . -10 .46 .52 .58 6\)
16__________ :____1_____: . 257i .32.51 .394 .46 I .53 .60 .67 70
17---------------'-----1 .2\)2' .370.. 4.5 .53 1 .60 .68 .76 72 
]8___ ------'.----------r .3.28:, .4-2 !.?~ . ~}91' ~~ .. 77 .86 n
19_____ - ____________ , .367, .47 .:>b .66 . 1(, .! .86 .96 74
20 _______________ -----1 .41 1.52 .63 .74 .85 . H6 1. 07 75 •2.L____ .. ___ ,_________ .1 _____ , . fi8 ; .70 .82 I .94. i1. 07 ,1. 19 I 76 

http:1-----1-----.90


------

------- ------- ------
- -- ---

• 


• 


• 


COMPOSITE VOLUME TABLES FOR TIMBER 9 

TABLE 5..-Composite table: gross volume in rough cords to a variable top 
diameter inside bark oj not less than 3.0 inches, by total height-Con. 

Diameter Volume when total height is- Percent 
breast ! of total 
high 	 30 70 
 80 90 100 height


(inches) , feet feet feet feet feet feet feet feet feet utilized 1 

I 20 40 50 160 


iCords Cords Cords Cords Cords Cords Cord$ Cords Cords22__________ 
23__________ ----- ----- ----- .64 .77 .91 1.04 1. 18 1. 31 77 

24__________ ----- ----- -- .70 .85 1. 00 1.15 1.29 1. 44. 78
--~ 

----- ----- ----- .76 .93 1. 09 1.26 1. 42 1. 58 78
25__________ 
26 __________ ----- ----- ----- .83 1. 01 1. 18 1. 37 1.54 1. 72 79 

27 __________ 
----- ----- ----- .90 1. 09 1. 27 1. 47 1. 65 1. 85 80 


----- ----- ----- .97 1. 18 1. 38 1. 59 1. 80 2.00 80

28_ -------- ----- ----- ----- 1. 04 1. 27 1. 49 1.71 1. 93 2. 15 81
29 __________ 

----- - ---- ----- 1. 13 1. 37 1. 60 1. 85 2. 08 2. 32 82
30__________ ----- ----- ----- 1. 21 1. 47 1. 72 1. 98 2. 24 2.49 83 

I 


1 This includes a stump height of 1 foot which must be deducted in estimating 
number of bolts. If act.ual percent is greater or less than that indicated, the 
estimated YOIUllle will be correspondingly in error. 

TABLE 6.-001nposite table: gross volume in 7'ough cor-ds to a variable 

top diameter inside bark, by number 01 bolts 1 


Diamcter 	 Volume when number of bolts is-I

breast high 


(inches) 1 2 3 4 ;j 
 G 7 8
1 

Cords Cords 	 Cords Cords Cords Cords Cords

0.Oa7 o. on 
0 ____________ ------- --- ---- ------- ------- ------- -----~------------l Cords 

.011 .019 0.022----I 	 -- ----- ------- ------- - -- ---- -----6________ 	 .017 .028 .040 0.0477____________ 	 ------- ,...------ ------- -----8____________ 	 .023 .038 .053 .068 0.076 

.031 .050 .068 .087 .106 0 • .116
9____________ 	 ------- -----.040 .OG.'5 	 .08810 ___________ 	 109 .130 .153 0.170 

.04.9 .082 	 .111 .133 .1GO .188 .211
ll___________ 	 ----- 
12___________ 	 .OGO .100 .137 W5 . ]flO .221 .250 0.270


.070 · 121 · 16.5 .198 .225 .260 .300 .330
13____--- ____ .082 .143
14___________ 	 197 .236 .268 .305 .350 .42 

15___________ 	 .095 · 167 .228 .273 .311 .353 .40 .47


107 .193 .262 .318 .3G4IG___________ 	 .41 .46 .52

.122 .220 .300 .367 .42 .47
17___________ 	 .53 .59


138 .250 .340 .42 .48 .54 .59
18 ___________ 	 .66

155 .282 .382 .47 .55 .60 .65 .73
1fL_________ .173 .318 	 .43 .53
20___________ 	 . 61 .68 .73 .81


.194 .353 	 .48 .59 .68
21 ___________ 	 .7G .81 .89


.217 .395 
 · .54 . (iG 	 .76 .84 .90
22 ___________ 	 .98 

23___________ 	 .240 .4+ · GO .73 .84 .93 1. 00 1.07

.2G2 .48 	 · (iG .80 .92 1.03 1. 10 1. 17
24___________ .288 .52 .88
.72 1. 0025 ___________ 	 1. 12 I. 21 1. 28


. 312 .58 	 .78 1 . 10
26_________ --	 .9G J.23 1.33 1.38

. 340 · G2 	 .84 1. 04 1. 19 1. 33 1. 44 1. 51
27_____ ,______ 
28 ___________ 	 .3(j3 · G7 · 91 1. ] 3 1.29 1. 4.5 1. 5G 1. 63


.388 .72 	 .97 1. 20 
29 ___________ 	 1. 38 1. 55 1. 67 1. 76


.41. .7G 1.03 1.2!) 1.49 1. G(j30 ___________ 	 1. 80 1. 90


.43 .80 
 1. 10 1.37 	 1.59 1.7 1. 93 2.04 
.•-- 

1 The bold figurcs ill the upper portion of t.he table arc to a minimum top di
am.eter (inside bark) of 3.0 or more, but less than 4.0 inches. Other top diameters 
are variable but not less than 4.0 inches. 
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The cubic-foot and cordwood volume tables are based on the assump
tion of utilization typical of coniferous species. Their application 
to hardwoods is subJect to difficulties. The tables can always be ap
plied rather well to the portion of the stem below forks and large 
branches. If merchantable height is measured above these forks and 
~ranches, the volume will be oyerestimated in the tables. It is recom
..nended, therefore, that the upper portion of hardwoods be estimated 
separately by means of conversion factors or by reduction of merchant
able heights. 

BASIC PATTERN OF COMPOSITE TABLES 

BOARD-FoOT VOLUME TABLES 

The composite tables given on the previous pages showinO' board
foot volume by the Scribner and International %-inch ruYes were 
based on thousands of measurements obtained in the Lake States over 
a period of 25 years, and represent the average volume found in trees 
of different diameters and merchantable heights. It was found that 
trees of commercial size in this region generally average around 78-7D 
in the Girard form class (diameter inside bark at the top of the first 
log as a percent of the (Hameter at breast height outside bark), with 
slight variations depending on tree diameter and the number of logs 
in the tree. On the average, the upper logs fo]Jow the pattern shown 
in table 7. 

TABLE 7.-Average taper factors 1 for saw log trees in the Lake States 
region 

Taper factors when number of 16
foot logs in tree is-

Position of log 

1 3 145I 2 
----------------1---------1----
Butt t__________________________________ 378 378 79 80 81 
Second_________________________________ ______ 66 70 71 73 
Third__________________________________ ______ ______ 59 62 64 
Fourth_________________________________ ______ ______ ______ 52 54 
Fifth__________________________________ ______ ______ ______ ______ 44. 

Sum of taper factors__ . ___________ _ 78 144 208 265 316 

1 Top diameter of log inside bark (d. i. b.) as a percent of the diameter outside 
bark at breast height (d. b. h.). 

2 The taper factor of the butt "jog is also the Girard form class. 
a Trees less than 15.0 inches d. b. h. have a slightly higher form class, 79. 

This basic pattern of taper, including allowances for the effect of 
tree diameter and merchantable height as indica,ted by large numbers 
of tree measurements, was used in constructing composite. board-foot 
volume tables 1 and 2. The process included four major steps: (1) 
Preparing relative tapers by d. b. h. (diameter at breast height) and 

• 


• 


• 
. 
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merchantable height, (2) converting rela.tive taper into inches of 
log diameter, (3) scaling each log in the tree and summing the total 
volume, and (4) curving these total volumes with d. b. h. and mer
chantable height as coordinates. 

CUBIC-FoOT VOLUME TABLES 

Table 3 shows the number of cubic feet inside bark in the entire 
stem including s,tump and tip. In developing this table, it was found 
that when all !;'pecies are combined, the cubic-foot volume of the aver
age tree in the Lake States region generally is close to 42 percent of 
the volume of a cylinder of ,the same diameter and height. Thus, the 
formula for the cubic-foot. table is 

V=O.4:2 BR, where 
V=the peeled cubic-foot volume, 
B=the basal area in square inches computed from the diameter 

outside bark at breast height, and 

R = the tree's total height in feet. 


This simple formula is very useful for interpolating between com
posite table values when a calculator is available. 

• 
Volume for trees less than 30 feet tall cannot be estimated accurately 

with this formula. In short trees, the 4.5-foot height (d. b. h.) where 
diameter is measured is relatively high in the tree; hence the form 
factor 0.42 is too low. The cubic-volume estimates in the composite 
,table represent a form factor of 0.48 for 20-foot trees . 

The form factor is an expression of the relative fulhless of the 
tree bole. It cannot be measured accurat~ly, however, in standing 
trees. In order to approximate the form factor, the diameter outside 
bark halfway up the tree as a percent of d. b. h., known as form 
quotien,t," is often used. If this percent is determined accura.tely, it 
gives a good measure of tree form. On the average, the form quotient 
m the Lake States is approximately 68. The form factor of 0.42 
represents the general taper for trees of various heights as shown in 
table 8. 

Table 8 will be found useful for estimating the diameters along the 
tree stem. Table 9, developed on the basis of the tapers assumed above, 
shows the height utilization-volume relationships along the stem for 
the average tree. 'With the aid of this table the cubic-foot volume 
in various sections of the stem can be estimated. 

Bark volume was assumed to be 14 percent of the total unpeeled 
volume (average for all species). This corresponds to a double bark 
thickness of about 7 percent of the diameter at breast height. 

• 
For most species, therefore, the cubic-foot volume of trees with 

bark averaging about 14 percent and a, form quotient of approximately 
68 will be estimated rather [!,ccurately with the composite table. Un
less the errors are compensating, however, the estimates from the 
composite table win decrease in accuracy as the deviations of bark 
volume or form quotient from these averages increase. 

• There are several different "form quotients" in use. Througbout the text, 
the definition as given above should be kept in mind. 
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TABLE S.-General taper used for trees of va:rioUB heights 

Taper factors 2 when the total height is  •
Percent of total height 1 


20 I 30 I 40 50 60 70 80 I 90 100 

feet I feet . feet feet feet feet feet feet feet 

-1
o (ground line) _________ 100 101 102 104 107 109 110 110 110
10 ___________ ________~ 99 96 94 91 89 88 88 87 86
20 ____________________ 94 90 85 81 80 80 81 81 81
30____________________ 

87 82 76 75 75 75 76 76 76
40 ____________________ 78 73 69 69 69 69 70 70 70
50 3 ___________________ 
 66 63 63 63 63 63 63 63 63

60 ________________---_ 54 52 55 56 56 5~ 56 56 56
70 ____________________ 39 40 44 47 48 48 48 48 48
80 ____________________ 26 26 31 36 38 38 38 38 38
90 ____________________ 14 14 18 22 24 24 24 24 24
100___________________ 0 0 0 0 0 0 0 0 0 

1 Includes a I-foot stump. 
2 The diameter inside bark (at specificd intervals along the stem) as a percent 

of d. b. h. 
3 When the d. i. b. ai; half the height is u3 percent of d. b. h., the d. o. b. at the 

same point is assumed to be 68 percent•. 

TABLE 9.-Pm'cent of total cubic-foot volume at any gi·ven percent of 
total tree height 

Percent Percent •Percent of total height I of total Percent of total height of total 
utilized 1 cubic-fooi; utilized 1 cubic-foot 


volume 2 volume 2 


10 ___________________ _ 22 45________________,___ _ 
 73
15___________________ _ 32 50___________________ _ 
 77
20___________________ _ 40 55____._____________ .. __ 
 82
25 ___________________ _ 47 uO ___________________ _ 86
30 ___________________ _ 54 70___________________ _ 
 93
35___________________ _ u1 80 ___________________ _ 97
40___________________ _ 67 90___________________ _ 
 99 


1 Stem from ground to actual point of utilization. 
2 Percents given include volume of stump. 

CORDWOOD VOLUME TABLES 

Composite tables 4, 5, amI 6 were derived from composite cubic-foot 
table 3. In these tables 79 cubic feet of solid wood, 13 cubic feet of 
bark, and 36 Gubic feet of void space per cord are assumed. These 
a.re th~ averages ILttained by cltreful piling such as is done when 
ehipping by rail. . 

Composite tables 4 umI 5, based on total height, further represent 
utilization which is t.ypical of the softwoods ill the Lake States region 
(table 10). The degree of utilization for hardwods is somewhat 
lower. Obv.iotlsly, therefore, the tables will not apply to hardwoods 
unless adjusted as described in a later section. 
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• 
TABLE 10.-Merchantability assumed for softwoods for composite 

cordwood tables 4 and 5 

Cordwood table 4 Cordwood table 5 

Diameter breast high (inches) 
Height 

utilization 1 

Top 
diameter 

inside 
Height 

utilization 1 

Top 
diameter 

inside 
bark bark 

Percent Inches Percent Inches4_______________________________________________ _ 33 3. 0
5 __ ._._________________________ 23 4.0 44 3. 2
6____________________________ 39 4.2 50 3.5
8____________________________ 5t ~ 8 59 3.8 
10___________________________ 58 5.3 62 5.0 
12___________________________ 113 5.6 65 5. 5 
16___________________________ 70 a 2 70 6. 2
20_ __________________________ 75 6.5 75 6. 5
24___________________________ 78 6.8 78 6.8 
30___________________________ 83 7.0 83 7. 0 

1 From the ground up. In computing number of bolts, 1 foot should be sub
tracted for stump. 

Composite tables 4 and 5 were derived from tables 3, 9, and 10. An 
example of the calculation of the cord wood volume in a 12-inch, 
60-foot tree is as follows: 
Volume of entire tree (table 3) _________________________ 19.8 cubic feet. 
Height utilized (table 10) _____________________________ 63 percent. 
Corresponding portion of total cubic-foot volume utilized (table 9) __________________________________________ 88 percent. 
Volume in merchantable stem and stn,np=0.88 x 19.8____ 17.4. cubic feet.
Volume of I-foot stump________________________________ 0.9 cubic foot. 
Volume of merchantable stem excluding stump=17.4-0.9_ 16.ft cubic feet. 
Correl':vonding cordwood ,"olmne=16.5/79 or 0.209 cords as compared with the 

curved value of 0.210, shown in table 4. 

Composite table 6, based on the number of 8-foot bolts, shows total 
heights related to d. b. h. and to the numbers of bolts utilized (table 11). 

Composite cubic-foot table 3 was used together with tables 9 and 
11 to obtain the cordwood volumes shown in composite table 6. For 
example, the cordwoor1 volume of a 12-inch, 4.~bolt tree was computed 
as follows: 
Total height assumed (table 11) ____________________________ 63 feet. 
Volume of entire tree (table S) ______________________________ 20.8 cubic feet. 
Total height utilized (four 8-foot bolts plus l-foot stump) as.a

percentage of the total beight______________________________ 52 percent. 
Total volume utilized (table 9) ______________________________ 79 percent. 
Volume of merchantable stem and stump=0.79X20.8___________ 16.4 cubic feet. 
Volume of l-foot stump____________________________________ 0.9 cubic foot. 
Volume of merchantable stem=16.4-0.9______________________ 15.5 cubic feet. 
Corresponding cordwoodvolume=15.5/79 (.'ubic feet-_________ . 0.196 cord. 

When curved with other volumes this resnlted in 0.198 cord, as 
shown in table 6. 

As a general rule, the volume estimated from table 6 is more accurate 
than that based on total height where the assumed utilization ma.y 
sometimes deviate considerably from the actual. . 

305jj8-55--3 

http:stn,np=0.88
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TABLE H.-Total height8 as8umed in comp08ite cor&,:vood tablet 
for tree8 with varying number8 of 8-foot bolt8 

Height when the number of 8-foot bolts is  • 
Diameter breast high (inches) 1---;----,---,-----:--.,.----.----;-- 

5 7 8 _______1__1--=-1_3__4_1_ 6_1____1 __ 

Feet Feet Peet Feet Peet Feet Feet Feet6 ___________________________ 43 44 508 ___________________________ ----- ----- ----- ----- ----
51 51 51 60 70 ----- ----- ---10 __________________________ 
57 57 57 57 66 7612 __________________________ ----- ----"
63 63 63 63 G4 72 8314 __________________________ 67 67 67 67 67 70 79 9016 __________________________ 
71 71 il il 71 71 76 8718 __________________________ 
74 74. 74 74 74 74 7G 8420 __________________________ 

1 77 77 7i 77 77 77 77 8224 __________________________ 1 
30 __________________________ 1 

81 81 81 81 81 81 81 81 
84 84 84 84 84 84 84. 84 

I 

THE USE OF COMPOSITE TABLES: THEIR ACCURACY 

AND LIMITATIONS 


For many jobs the composite volume tables without modification 
are sufficiently accurate. The board-foot composite tables have been 
used successfnlly in the Lake States since 1943 for estimnting volume 
of pine and hardwood commercial stands. Beca.use of compensating 
tendencies in the fadors afrediD!!" tree Yolurne, particula:dy when •
large areas are cruised, estimates from these tables Imve seldom de
viated from actual grotiS scnle by 1l10re fhail 6 or7 per·cent. Larget· 
er.rors occasionally may OCCliT in estimating stands of exceptionally 
goo<? form or of very poor form. 

Smce tbe cubic-foot table (table 3) and the cord wood tables (tables 
4 and 5) have not been published previously, there IHlve been no 
reports from the field on their accm:acy. However, tests applied to 
data gathered over a. per.ioel of years inclicate that errors in cubic-foot 
volume will seldom be o\'r.r G percent. A. number of pulpwood 
companjes report that satisfactory results have been obtained. wjth the 
lise of cordwood table 6 6 based on llumber of bolts. No checks are 
available for cord wood tables 4 and 5. TIle accuracy of aU the cord
v,-ood tables depends partly on the cuhic-foot table on which they 
were based. More important causes for errors are the lack of care in 
piling and any larg-e differences between the actual height and those 
assumed in the tables . 

.A number of tests were made to determine the applicability of the 
board-foot and cuhic-foot volume tables to di Il'erent types of timber. 
Samples were selected to represent both normal and abnormal types of 
timber in order to evaluate the effects of form ('lass and taper on 

• This taule is a re\·isiolJ of the tllhle J/n~sented in TJ. S. Forest 8eIT., Lake States •.Forest Expt. Sta. Tech. Note No. 241, Oct<,ber 11)45. .F'or the general run. o'f 
timber by d. b. h. nnd mercbantllble beight the differences between the two 
tables'are rather smnn. 
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• 
volume. Since they were not rRnclom slunp]es, tlle distributional pat
tern of errors obtamed should not be consIdered representative of the 
usual run of errors likely to result from regular cruises. Although 
large errors do occur, they are m nch less freq Llent than indicated in the 
tabulation below, showing the results of the tests: 

Number of trials 

Percent of deviation 'OomfJ08i~Comp08ite 
from actual volume : 1Jo~~tle°,ot cu~::,!;{~ot

o -- 4.0________________________________________ 19 23 
4.1- 8.0,________________________________________ Hi 11 
S. I--J.2. 0 _______________________________________ 10 4 

12. 1-20. 0___________________________________ 3 1 

47 39 

1 Volume estimates were made trom cOIllJlosite tall!e 1, SCl'ihner, Distribution 
of errors of estimates made from the International rule table would be about 
the same. 

It appears that, with cerblin exceptions, volumes may be estimated 
from the composite tables jf an accuracy within G 01' 7 percent is 
satisfactory, These estimates mip:ht jnclucle those tnken on most 
reconnaissance cntises. those of the less Taluable timber. rmd those of 
periodic cruises made j'OI' the purpose of determining gi'owth. 

• 
Stands which probably will require adjl1stnmnt becu.us~ of.an ab

normal pattern rlud which produce inadequate compensatIon mcJuc1e 
those which are open-grown or cuIled-ovm.:a.nc1 apt t6 be considerably 
below average in form, those oJ clense old growth which may have 
exceptionally good form. those of species w,hjch are on the edge of 
their natural habitat, and lUlY in 'which especially good utilization is 
practiced, resulting in top logs of excessi\'(~ taper, 

Specinl cautjon should be exercised in usinp: the cordwood com
posi te tables based 011 d. b. h. arld total height. Si nce the actual stem 
utilization in some species. pal'ticuln.rIy hardwoods, is considerably 
below the utilization represented in tIle tables: some discount is often 
required. It shou.ld also be rccof.,'1lized that the factor of 79 cubic feet 
of solid wood pel' stnudal'cl cord of bolts stacked 'with th,e ba.rk on 
represents good care in piling, If such close piling is not common 
practice in a given locality, the l:eslllts of the cordwood estimates wi]] 
be low. '1'he latter point applies, of course, to all cord wood composite 
tables. The allowances for di,fferences in piling and ill stem utiliza
tion are discussed in tJle S(·cti011 on "Factors Affecting Volume lmd 
Methods ofAdj ustil1g Estim ntes." 

Experienced foresters maT USe the composite tables on almost any 
type of cruise provided thr)' study the detailed discussion of factors 
affecting volume, Oil the basis Qf such study they sllOuld be able to 
recognize the conditions that :inclicate a. st:md is not composed of tIle 
a\'el'llge run of tindJer :Isis repres('nted in the ta.bles. . 

• 
The appliclltion of fhe composite tables requires only a stand taU}' 

Qf trees by diameter: classes and a sufficient number 0:1' measurements 
to represent log-height 'utilization 0.1' total tr'(~e height, depe.nding on 
the tlLble to be used. Rules for their application follow: 

1. Use the, lllc'I'chanl:abiJif:y standards gin'lI on page 5 in the ])I'e
ceding section, D.ifferent standards will requil.'e some correction if 
accurate results are desired. . 
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2. Tally the number of trees for the various species by diameter 
classes. 

3. Measure heights on a sufficient lHunber of sam11le trees of each 
important species to be able to draw R representative height over 
diameter curve. To use the board-foot tables (1 and 2) and the cord
wood table (6) based on number of bolts, obtain merchantable heights. 
To use the other three tables (3,4, and 5), collect information on total 
heights. In order to avoid bias, tllese sample trees should be selected 
at random and sllOuld cover' the range of the diameter classes present. 
(An alternative to making merchantnble lwight curves .is to tally all 
trees by d. b. h. and munber of logs or boH:s.) 

4. For each species make a volume table based on the height over 
diameter curve and the composite table. For example, the table 
made with the lise of composite table 1 might appeal' as follows: 

Merchantable Volllrne, 
heiflht 1 Scribner 2 

Diumeter breast high (ill('(I('f;) : (board-feet)
10_____________________________________________ (j'Jet) 

30.1ti
11_____________________________________________ 21 4612____________________________________________ 24 (j6
l:L____________________________________ -_______ 27
14_____________________________________________ 2!) 87

1081::;_____________________________________ ________ ;:0 131 
1 From merch:lutuble ]teight cUr\'e; !'xclllllei; 1-1'001: Rtlllllp. 
'Interpolated fl:om composite mlJle 1. 

If preferred, the volume of ellch sample tree estimated from the 
table could be plotted clil'ectly over d. b. h. alld a volume curve drawn 
without the Ilse of a height curve. The difference between the two 
methods is very small. 

5. Apply the volumes obt:rlin('c1 in step 4 to the h'ce tally by lliam
eter class. 

6. Remember that suitable volume estimates llre obtained only wheu 
the taper of timber cruised does not deviate SUftiCi(llltly from the basic 
patterns of the composite tables to result ill a larger error than is 
tolerable for the job. The cruiser should al ways be watchful for 
abnormal taper while observing sample trees. If deviations appear 
excessive and are ]lot compensating, some correction should be made. 
In such cases, even a rough aJlowaJlce in the right direction is better 
ti~a\l 110 correction at all. (See "Factors Affecti.n~ Volume and 
Mfltltods of J\.djust:ing Esf"imates" for gujdance on anlount of <:ol'l'ec
tion required.) 

APP.LICABILITY CHECK 

How IT Is MADE 

Frequently, in a llew territory, the estimator lacks assumnce that 
the composite tables wi)] apply to the general run of timber on the 
tract. He may suspect that the tables will either overrun or underrun 
certain species, blocks, or condition classes. When an especially ac
curate cruise is l't~qllired or when the I:imber of certuin species is of 
high value, the cOluposite btbles should be checked agttinst the meas
ured volumes of trees obtained :from the stands to be estimated. The 
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most direct way would be to compare volumes of felled trees to the 
corresponding estimates from the volum~ table. 

There are some cuttings going on in the forest every year. These 
may be large logging operatlOns or scattered small timber sales. Such 
operations provide the cruiser with the opportunity to n~ felled trees 
to train his eye in observing differences in taper. The felled trees 
can also be used for makinp: applicability checks. Such checks, how
ever, require a representative sample to depict. and weigh all the 
essential charactenstics of the timber. Three major conditions should 
be observed: 

Good 8cattel'.-Sample trees for it given species should be well 
distributed tlu'oughout the timber to which the volume table will 
be applied. 

ProlJOrtionate TeJiI'(jsentcdion,-No special sizes, types, or grow
inp: condit:ions should be unduly .repl'esented in the sample. 

Lac!.: of bias /1'0111- cut t1'ec8.-The sample of cut trees should be 
l'epresentative of the remaining timber. If tIle Jogging operations 
are taking only the best or the poorest trees, then the estimator 
sliould make allo,,-ances for this fa.ct 01' select an independent 
sample. 

The number of sample trees needed for the c11eck depends, of course, 
011 the accuracy demanded from them. Unless a precise estimate is 
req1lired, it few sample trees of the impol'ta.nt species wj]l be sufficient. 

'''hen volume-tnble errors only are considered, experience inclicates 
that in 9 cases out of 10 the fo]]owing number of sample trees will 
be required for ea~h species or group of spec.ies in order to stay within 
t]1e limits of aCClU'aC)~ specified below: . 

JAm its oj Sumll/e tree8 
accurflCII required, 
(percent) (nllmber) 

±li 25 
±5 36 
±4¥.! 44 
±4 56 
±31h 73 
±3 lOO 
±2\-f 144 

It is c1o~lbt.flll whether an nccul'acy J.wtter than ±2 percent of gross 
yolume 1nll eVl'r bcrcfJuircd 1'1'0111 ~L vollime table 01' should even be 
~u1~icjpated with complete assur~U1ce;, 110 sampl~ of un,Y .limited size 
.IS llke]y to be eXllctJ'y l'epreselltutlvc of the /;r'ad 111 questIOn. 

In measuring trees th('sc 1'01.11.' rulP8 1ihouJd also be observed: 
1. Diameter's along the 11'('e bole,botll outside and inside of bark, 

should be takpn at regular S-f()Qt intervals above lL I-foot stump. 
Diameters should also be rneflsured at the stump and at breast height, 
01' 4% feet above the ground. 

2. D.inmeters should be nH'uSul'ecl to the neurest one-tenth :inch and 
th(' bark thickness to the nearest one-hrent:ieth inch. 

~), Abnormalities, snell as knots, s'Yellings, 01' constrictions, appear
illg itJ regular points of measurement. should br avoided by taking 
meaSUl'elnents either below or above the cleformit.l" Bark thickness 
should be measured at .its highest nnd Jowest ridges at the crosscut 
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sections, ancl the two reaclil1gs averaged; it is not measured at crevices, 
because the cliameter tape or the calipers touch the l'id~es only. 

4. Total ancl merchantablelleights shoulcl be recordecl to the nearest 
foot. The merchantable height, .llS describecl on page 5, is a relatively 
clear portion of the bole. If better utilization extends beyoml the first 
large limb or fork ancl thus includes rapidly tapering logs or bolts, 
tIils should be Doted.. Otherwise all the composite tables wjU tend 
to overestima te the volume. 

The measurements of cut tl'E'es will pro\·icle the necessary informa
tjon to test the applicability of the composite tables to the species or 
tjmber in question and to J·Bake nc1justrilcnts if necessary. The chlta 
will also reveal tIle reasons Jor ngrE'CI1lE'l.lt or d.isngreement behreen 
the measul"E'd and t]le table yolurnes. Denations mny be attributed to 
differences in form, dass, bark thiC'kness~ taper of. the upper· logs, 
butt-s,n:-l1: etc. l as cliscussed uncler "Factors Affeding Yol1.1111e." If 
the cliscrepancies are consistently in one rlircei:ion or tlle aggregate 
cli:fferel~ce is l:uge enough to be sign:ificant ge.lwral nc1.jnstments or 
correctIons can be made. The follmY)]1g hyo exalllplesdlustmte the 
adaptation of volume tables to speci fic tracts b.\' mea n;;; of test s'lmples. 
Exam·r)le 1 

A block of IHlrd wood timber :ljlj)('tl l'l'c1 to hllye :l'01'1n ('onsistently 
poorer than average. Butt-swt'll ,nlsIH'onOr1J1ced, particularly in 
large trees, nnd some reduction in yoluUle apparcntly wus llPcessflry, 
at least for tlle hyo nlluahle species. sugal' maple and yellow hirch. 
A patch of simil:u' timber 'was being ("111: nearhy. As anticipated, 
the allnl~'sis of the meaSln:emeni's :for JOO ]';111 <1 om1)' selected :felled trees 
c1 isclosec1 thaI; un ifol'mly oc('u IT.i ng blltt-swe'll (nfreeti ng TO percent 
of trees) required a clis('ount 0:1' the esj'inlaj'ed volume. A, compal'isoJ1 
of the actual yolumes of the l11(';'lsul'ed trees with the \'o]ul11es of ihe 
same tr('es taken j'rom thE' cOHlpo;;:itE' htblpi;; sllUwn in tnble ]2. '1]1e 
summaries by diameter classes are for tll(, ellt-ire samples o:f the two 
species tested. 

The table indicates the volume deficiency of yellow birch in all 
diameter cln::;"es, fluctuating between a - 6 and a -11 percent. Since 
there is 110 correlation of the relati\'e clifl'el'ence with d. b. h., a flat 
reducti01) of -S.5 percent shonld be used. The correction can be 
appljed directly to the total vol11111e of all tallied yellow birch trees 
estimated from composite table 1. 

,A. similar deficiency jn yolumeis obserl'cd in sligar maple. Some 
correlation appearB behYe('ll jJle pen·(·ntage differences and tree djam
eters. Because of t:llis correlation, tlle correction shoulcl be ma&~ 
separa~ely for each cliamei:er group, rm~ging 1'rom practically no 
correcbon for smal1 b·ces to +11 per(~ent tor very large trees. How
ever, jf this js deemed troublesollw, a :flat rcclndion can also be used 
providecl that the test sample WflB obtained in some proportionate or 
representative way, so that it ('ouM be con:;ic1ered a 1I1iniature replica 
of 'the diameter taUy of the pntire tract. Then the average correction 
of -5.3 percent obtained 1'01,· fhe entire sample could be safely used 
to discount the composite vO]Ulne table estimates for sugar maple. If 
the sample is not proportionate, theu.\ycighting is required. This 
would either reduce or :increase the deduction of 5.3 percel1t,depend
ing on the relative weights of small verSUS large trees. 
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TABLE 12.-00mparison of the measured and esti1nated volumes of 
sample trees for yellow birch and sugar maple, by diameter class 

Sample I Yolume IDifferenceD. b. It. class (illch0:;) 
trees I

Measured Estimated II 

! 
lVumber Boord-feet Boo,rd-feet PerCC11t

10.0-12.9___________ . _________ , 16 632 708 -]0.7 
13.0-15.IL ____________________1 16 1,425 1,52) -6.3 
]6.0-18.,9---------------------1 14 2,350 2, Sil -8.6
19.0-21.!L ______ ._____________ 10 ~,!~4 2,9!7 -6.1 
22.0-24.9_____________________1 10 0, ,H2 3,9()4 -9.7 
25.0-27.9 _____ - _______________1 2 961 1,04,5 -8.0 
28.0-30.9 _____________________ , 2 1,435 1,620 -11.4. 

31.0-33.9- - - - - - --- - - - - - -- - - - - - i_--_-_-_-_--_-_-_-1_------_-_----_-_-.1_-_-_-_--_-_-_-_-_-:_--_.-_-_-_-_--_-_-
Aggregates__________________ j 70 I 13, 169 14, 3961 -8. S 

Sc-GAH MAP],E SA~IPLE 

• 
10.0-12.9___________________J 61 287 ! 290 1 -1.0 
13.0-15.9 _____________________1 ~ 495 497 I -.4 
16.0-18.9_____________________ 1 '), 1,083 1,102 ; -1.7 
19.0-21.9_____________________ . ;:) I S67 i 924 II -6.2 
22.0-24..9 ____________________ 5 ! 2,225 1 2,2il -2.0~t 

25.0-27.9 _____________________ , :~, J,540 1,650 I -u.7 
28.0-30.9_____________________ , ; I J, :33Q I i', ~OlOO I -5.7 
31.0-33.9_____________________1 - J ,68i) -11. :)I 

,----------------
Aggregatc~__________________ 1 30 I 9, 512 1 JO,044,! -5.3 

I Estilt1atecl from composite ta.ble 1. 

EwampZe2 
In another example the volumes shown ill composjte table 1 were 

applied to a tract of oak in southern Wisconsin. A sample of 600 
tree measurements of red oak from southern ,Yisconsin "-:lS available 
for the test. The sample represented wide coverage of area (llld was 
obtained on ,many logging operations. The analysis of the data dis
closed tlUlt although volume estimates for some .illclivid1.lal tre~s. varied 
f['om the measured yolume by as much liS 28 percent, the posItIve and 
negative differences almost compensated one another. There was no 
discernible trend of differences '\vjth d. b. 11., and the aggregate dif
ference between the measnred am1 the estimated volumes was quite 
smitJl. It was also observed that a small representative sample (10 
percent of the original) could ])]:ovide J1early the same informaHon 

• 
as a very large one (table J.3). TJ1c fignres clearly indicate that the 
composite table can he applied to an mercl1:mtabJe sizes o1~ trees and 
that llO correction is .needed since t1. compeJlsating tendency is appar
ent throughollt, . 
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TABLE 13.-00mparison of the 17wasul'ed and estimated volumes of a 
sample of red oak, by d.b.h. class 

Sample Measured Estimated DifferenceD. b. h. class (inches) •trees volume volume 1 

ZOhmber Board-feet Board-feet Percent 
13.0-15.9_____________________ 14 2,010 2,045 -1. 7 
16.0-18.9_____________________ 10 2,003 1,943 +3.1 
19.0-21.9_____________________ 9 3,041 3,106 -2.1 
22.0-24.9_____________________ 21 9,257 8,895 +4.1 
25.0-27.9--------------------_1 4 2,084 2,223 -6.3 
28.0-30.9_____________________ 3 2,130 2,110 +.9 

~::::l~L:::::::::::::::::::1-------::-:1-- --- -870 -I.---::~:::-1-----+I:' 
Aggregates__________________! 21,395 +1. 0 

I From composite table l. 

SIGNIFICANCE OF DIFFERENCES 

The above tests illv.ite the question: How large should the aggregate 
ilifference ill volume be in order to be judged significanU To deter
mine the answer, the relative yariance of individual tree volume dif
ferences should be known. as ,yell as the number of trees used in the 
test sample. Roughly, if 'the aggregate difference of the test sample 
does not exceed two times tlle standard deviation cliyided by the 5quare 
root of the llUmber of trees used in the test, the difference is not con- . • 
sidered significant and may be disregarded. This g-eneral rule will 
be helpful ill determining the significance of observed di.fferences. 

The standard deviation of individual tree volumes from the com
posite table is known to be a ±15 percent for board-feet and a ±10 
percent for cubic feet. If the same standard deviations are assumed 
in test samples, the maximum allowable ilifferencebebyp.en the aggre
gate actual volumes and tlle composite table estimates without correc
tion would be as folJows: 

Mazimum difference UllotDed in
--BOard-foot-Olibie-fo-o-t-

,t'oh/me 'uolllme 
Trees in fest sample [lHunbcr) : (per'cellt) (percent) 

20 _________________________________________ ±6.i ±4.5 
30_________________________________________ ±5.5 ±3.6 
40 _________________________________________ ±4.i ±3.2 
60 _________________________________ ~______ ±3.9 ±2.6 
80 _________________________________________ ±a.4 ±2.2 

100 ________________________________________ ±3.0 ±2.0 
150________________________________________ ±2.4 ±1.6 

If, however. the individua1 tree volumes in the test sample deviate 
by consistently similar percentages from the composite table estimates, 
smaller aggregate differences would be required :for significance. 
When this occurs, it is desirable to compute the standard deviation 
independently in order to determine [1 more accurate estimate of the • 
maXImum .allowable difference. 

From the tabulation above it is apparent that the measured volume 
of yellow birch (table 12), with the aggregate difference of 8.5 per
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cent, deviates signHicantly from the volume table estimate. This 
actual difference is considerably larger than the maximum difference 
allowed for l1onsignificance. }""or l'edoak, however, 110 correction 
should be made. A sample of 62 trees could be as much as ±3.9 
percent off in total volume (instead of 1.0 percent) alld still be con
sidered s part of the original or basic data. 

The sugar maple sample (table 12), however, presents a problem; 
the difference of a -5.3 percent is within the maximum allowable 
difference of 5.5 percent required for a sample of 30 trees. ~~n exam
ination of the individual tree differences, however, showed consistently 
similar deviations from the composite table volumes, nearly all of 
them on the negathe side. "Then the composite table estimntes were 
reduced by 5.3 percent, the measured volumes showed small deviations, 
both negative and positive, from these estimntes. The standard devia
tion of these differences proved to be only a ±8 percent. This is 
considerably Jess than the 15 percent assmi'led previously and would 

require a maximum allowable difference of '!:.,X 8 or 2.9 percent instead 
'\ 30 

of the 5.5 percent as specified by the rule of thumb. 
:Most test samples show about I-he same deviations from the cor

rected table volumes as I-he average I'l1n of individual trees used in the 
composite tables. The problem ellcollntered above with sugnr mnple 
wi]] seldom occur in practice. 

LIMITATIONS 

A number of such applicability checks ha.ve been made and reported 
by variolls agencies in tlle north-central area. 1']1e applicabjJjty of 
composite bonl'd-foot vol lime tflhles 1 :nl~l :2 to different. spe?ies .or 
specles groups was tested (table 14). 'Ille samp]es varled m SIze 
and distributioJl Ol'er Ole l'el,!ion. 

Scrutiny of the basic d:iht involved in these tests revealed some 
ra.ther interesting fncts. .A number of' tests, for example, indicated 
close.agreement witll the composite tables. The individual irregulari 
ties in taper aPPettl'ed to be averaging out o\'er the area. The errors 
tended to compensate, p:t1ticuln.rly when .large samples covering dif
ferent conditions were involved. -

However, some species showt'd consistent deviations from the com
posite tables. As expected, consistent (lifferences in form and bark 
thickness appeared in such species as yellow-poplar, black tupelo 
(blackgurn), beeth, willows, bh\ck:jack oak, and l'edcec1at. The appli
cation of composite tables to such species Or conditions WWlOUt any 
corrections wolJld. of course. be a mistake. However, such clear-clit 
exceptions are a T~atter of Ct)JllJ110n knowledge and are usually taken 
care of in every Jocality wl)ellevel' the),occu1'. 

l\{ost species, howen~J', belong to another group in which tlie differ
ences between the rneaslll'ed a nd the estimated volumes result _not from 
species peculiarities but; :from stand-to-stand variations in form class 
aml taper. In sevel:alinstnJ1c('s, the Kllllsas, Illinois, and Lake States 
samples showed different correction fudors for tile same species. Such 
discrepancips have OCCUlTed nven :nnong samples from the same 
locality. 
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TABLE 14.-8011/-e applicability cheol.:s of composite tables 1 and 13 
in the ·nol'th-central a1'ea 

Percentage differences between me.'\s
med and estimated volumes re
ported in various studies 

Species 
Kansas 

Forest; Illinois and Mis- Region !) 
SUITeyl study 2 souri stlldif'R 4 

samples 3 

L Usually no adjustment required:
Sugar maple ______________________ o _______________ _oYellow birch _____________________ _ o _______________________ _ 
Bur oak_________________________ _ o _______ _o 
Hackberry, black cherry,. redgum. 


honeylocust, mulberry, Kentucky

coffeetree_______________________ ________ ________ ________ 0 

Post oak__________________________ ________ 0 0 _______ _ 
Basswoocl_________________________ -2 _______________________ _ 

2. 	_-\djustment reqllired-eonsi;;t,ent; dif
fercnce in form and bark: 

J~lrnR_______ .... _____________ ... _______ +5 +5 _______ ....-L~) 

Yellow-poplar, Illat'kgullL__________ ________ +'];3 ________ +15 
Beech____________________________ +J5 +15 _______________ _ 
Baldeypress and sa55afrn.,,___________ ________ ________ ________ -I 

Paper birch_______________________ ________ ________ ________ -7 
Willow and blackjack oak___________ ________ -20 _______________ _ 

3. 	Adjustment required depending OIl 
form and taper:

Red maple________________________ +5 0 _______________ _ 
Ash, white and greell______________ 0 +8 +3 +3 
Ash, black________________________ ________ ________ ________ -5 
Red oaL_________________________ -3 +10 +G _______ _ 
White oaL_______________________ -3 +8 _______________ _ 

~~~~~~~'L-k--~~====================== ----::.::7-,____~~_ ======== ======== Hickory, scarlet oak, pin oak________ ________ +G +G _______ _ 
Cott,onwoocL______________________ ________ -3 +7 _______ _ 
Sycamore_________________________ ________ -7 +7 _______ _ 
Black wal.nuL ________________._____ ________ -10 -3 _______ _ 
Butternut_________________________ ________ ________ ________ -:I 0 
Hemlock__________________________ -8 _______________________ _ 
'Vhite pine________________________ -4 _______________________ _ 
Red pine_________________________ +4 _______________________ _ 
Shortleaf and loblolly pine__________ ________ ________ ________ -4 
Tamarack and white spruce_________ ________ ________ ________ -10 
Redcedar_________________________ ________ -20 _______________ _ 

I Based on a large number of measuremellt;s obtained hy the Forest Survey in 
Wisconsin and Michigan in l!)35-3u. 

2 Study reported in Aids for Computing Tree Volumes iu Illinois, U. S. 
Forest Serv., Central States Forest Expt. Sta. Tech. Paper Jl5. ] !).50. 

3 Data by Jl:. H.. Ware obt,aincd in lH35 iu southeaster.n part of Kansas and 
adjoining MissourL 

4 Corrections reported by C. B. St,oti; alld W. 'Yo Barton in 1951, State and 
Private Forest,ry, Milwaukee, WiR. 
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Thus, ideal1Yl app]:icabiHty checks shouM be made in each area 
characterized by certain gro"wth COllditiol1s :md sllOnld be used only 
in the area from which the sample is drawn orin areas where the 
same conditions are known to exist. Applicability checks also are 
very desirable when important cruises axe made without the l1elp of 
experienced timber estimators. :Many fonna1 studies, slIch as ex
tensive surveys, should also utilize these ehecki'. On SUdl jobs the 
work of obtaining samples ('1m be mechaJlical, :md satisfactory cor
rection factors can be obtained for the important :-;p(>ci(>s or types of 
timber in each specified area. 

Such checks, how eyer, would become too COE:tly 'ii' mrHle for each 
species on l'elatiYcly sma]] :u·eas. On smaller johs qn icker methods 
are needed, even though less reliabl(>. One method requires the ability 
to evaluate form class and taper clifferp)1ccs (lirectlovin standing trees. 
An experienced estimator, for example, \yhile folh)\\-ing the cruise 
lines, ',,"onlcl have noticed thnt both tlle yellow hir(·ll :lml 511!!:I!" maple 
shown in table 12 were of rclahvely pOOl' form. He would have esti
mated the form class as approximat('ly 76, requirill!! a 6-percent 
reduction. Such a correctionobtnined (lir('ctly on shlnding trees 
c1uring the process of cruising "yould ]l11ve been i'ol]n<1 suffici('nt for 
aJl practic:ll purpos('s and would h:lye saved ll1Uch time and 
inconvenience. 

It ".is l"eco!!niz('(l tlmt H)e ability to differentiute between aetual and 
normal tnp'er l"('(Lllil"PS training,"hllt tlw timhl'l" c!"lIispr will find it 
invrduable during his cm·e('l" and ,,\·ell worl.h the (',fl'orl. .Frequent 
practice on Je.lktl trees 01" on SbllHlillg tr('es \d)en~ a. dl('ck can be 
made is indispensable, 

In the next section the :factors alJ'('ctiJ1!! timlwr H)lIlIl1C are (lescribecl 
with the two~t'oJcll)llrpose 01' 'j'urther ciHrif'ying the main causes oi' 
volume discrepanci('s and sho\ying 110W Ule various corre<'1:ion factors 
can be applied on the basis of direct obserndiolls 01' sl:nnding trees. 
:Many conscientions cruisers "will want to know the chief causes of 
volume vfIJ:iation; they should find the discussion of adjustment fac
tors very helpful. 

FACTORS AFFECTING VOLUME AND METHODS OF 

ADJUSTING ESTIMATES 


The effects o:f site, dl'JlRi(y, a.lld pnst history of the stand are re
flected jn tIle forlll, height, ;md bark thickness ofindividllal trees. 
These volume c1l:lradr.l"isties to!!et1lel' with clHTent metllod;.; of utili
zation and care in piling mny 'diffe]" from the averages assumed in 
the preparation of volume tables. 'VJ1en these differen(·ps arc large 
and not compensatin!!. adj nstments tn·e needed ill order to avoid under
estimating or overestimating the true volume. The nclditionnl time 
spent obsel'viJ1g 1'01"111 class and taper characteristics general]:v will 
more than pay foritseU in nC(,Ul"flc.y oi: the final estimate: p;\1oticularl)' 
when valuable timber· is involved. EV('11 when less accurate estimates 
are acceptab]e~ tl1l" cl"uis('r sllOul(l :I.lwa.ys observe the stallds for ab
nornml taper and degree of lJtilization. It was sudl trn.il1ing as 
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this, subconscious though it may have been, tl1at enabled some of the 
oldtime cruisers to obtain accurate volume estimates without the aid 
of the m01'e technical methods available today.

If more accuracy is desired, measurements on cut or felled timber 
are 11eeded, or instruments especially designed for aiding the cruiser 
ill estimating stem diameters from the ground should be used. Some 
such instruments have been designed 7 and se\"eral are in the process of 
development. A simple and practical instrument would replace eye 
estimates and could llIake it possible to use adjustment factors with 
greater accuracy. 

Most cruises require taking sample trees unHormly throughout the 
a.!·ea to obtain total or merchantable heights bv diameter classes and 
species. This is done either on sample plots or along the strip lines 
withill each condition class of timber. Regardless of the type of 
sampling emplo)'l'd, thl' (Tllisel\ as stated on p. 16, should mllke all 
possible effort to eonsider the relative importance of each area., size
class, and species 011 the tract. It is these sample trees that the cruiser 
should study for the factors affecting \701ume. 

BOARD·FoOT VOLUME 

Check of Composite Table Estimates in Different Types of Stands 

To determine the effects of form class and taper on bmlrd-foot 
volume, an analysis was made of 47 samples of various stands selected 
from different parts of the J..ake States. No trees having less than 
t "'0 Hi-foot logs were used in the samples, a nd all logs were rneasured 
in IG-foot lengths. The samples were chosea pll1"posely to represent 
both average and abnormal types of timbl'l". The stnn(1;; tested were 
placed in four categories: (1) Follow.ing the nOI'1I1l11 pattern shown 
.in table 7 i (2) departing from the 1101'mal pattern bllt w.ith com
pensating tendenGies in the taper of individua.l .logs i (3) lHwing 
the form paUel'l1s of the entire stem generally higl1er or lower than 
11ormal; and (4) showing marked irregularities in tape.' with little 
or no compensation. The nccuracy of the estimates from composite 
tab.le 1 (Scribner) has been computed for these four gronps of stands 
(table 15).8 Sirnil:u'results would be obtained with lhe Jnternational 
~& . 

The results of tlle tests clearly inclicate both the accuracy of com
posite tables and the limitations in their application to variolls types 
of stands on adlli\l (·l"Il.isillg jobs (ta:ble lv, col. 3). As mentioned 
previollsly, they apply very well when taper of the timber agrees with 
the pattern implieain the tables. The errors are within 3 percent of 

'Ferree, )liIes J. The pole euliper. J·our. IPorestry 44: [,94-595, illus. 
1946. 

Godmllll, It. M. The pole diameter Utpe. Jour. li'orrstry 4i: GOS-509, illus. 
1949. 

Vallx, ('. H. Tniltrlllllent for det('rlllinatinn of tree diameters .in inches at any 
It(,>ight:. Jour. Forest:,·y 50: OOl-(iOi, illns. J:)[,2. 

'To lIlake it nnnecessary to present tahle 15 several times in this bulletin, 
the results of each seri('s f)f t"1'~b:; aJ"(~ ShOWll .ill the various columns; conse" 
quently, frequent reference will be made to tahle Hi. 
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COMPOSITE VOLUME TABLES FOR TIMBER 

TABLE 15.-Tests of the accuracy of various esti'TlULtes of board-foot 
volume (Scrib'M'/') 

GR)UP I-STANDS FOLLOWING NORMAL PATTERN 
-

Deviation from actual volume of 
estimates based on-

Average 
devia-

Species Basis: 
trees Com

posite 
table 1 

COlll
posite 
table 
with 

correc
tion for 

form 
class 1 

Foron 
class 

tables 2 

Com
posite 
table 
with 

log-by
log cor
rections 

tion 
from 

normal 
form 

class in 
units 

(1) (2) (3) (4) (5) (6) (7) 

Number Percent Percent Percent Percent Number
Jack pine____________ 39 +2.0 +3.6 +5.7 +0.6 %White pine ___________ 19 +3.3 +3.5 +10.2 +3.3 0
HemlocL____________ 86 -1.8 +1.3 +4.4 +.8 1
Sugar ma.ple__________ 30 -2.0 +.9 (3) (3) 1])0______________ 27 -.5 -2.0 -1.6 -.5 %Do ______________ 30 -2.4 -3.4 -2.8 +.5 %
Yellow birch _________ 28 -1.3 (3) -.7 1+1.3 

31 +.9 +.3 -.8 +2.4 0 
.~sh 50 -1.9 +.7 +3.0 +1.3 1 

Do ______________ 

Do______________ 17 +2.7 +2.0 (3) (3) 0
Red oak ____ ._________ 62 -1.1 +1.6 +4.4 -.8 1Beech_______________ 29 +2.4 +2.2 +2.0 +3.2 0 

GROUP 2-STANDS DEPARTING FROM NORMAL PATTERN BUT WITH 
COMPENSATING TENDENCIES 

Hemlock _____________ 40 -1.9 -5.8 +2.4 -2.2 1%Do______________ 17 -.8 +7.3 +14.5 +3.7 27~Basswood ____________ 83 +4.3 -5.0 -1.2 -1.6 3
Yellow birch _________ 28 +2.0 -2.6 +1..1, (3) 1%Elm _________________ 30 -.1 +3.2 (3) (3) 1Do ______________ 

74 -.9 -3.3 -.5 -1.4 1 

GROUP 3-STANDS WITH FOnJ\{ PATTEnN OF ENTIRE STEM GENERALLY HIGHER 
OR LOWER THAN NORMAL 

Red pine_____________ 25 -3.3 +3.3 +2.8 +3.4 2White pine ___________ 12 +7.7 +.8 +4.7 +1.9 2% 
4(; +6.6 +2.7 +6.1 +1. 3 1%

Do______________ 
Tamarack____________ 82 -10.2 -2.2 +.3 -1.2 2~Hemlock _____ - _______ 55 +5.1 +.5 +3.9 -1.0 1~Aspen _______________ 111 -7.7 -1.0 -1.1 +1.2 2
Sugar maple __________ 73 +5.8 -2.0 +1.1 -.6 2~~
Yellow birch _________ 82 +4.7 +1.6 +5.0 -1.2 2Do ______________ 18 +8.5 +2.0 (3) (3) 2.\sh_________________ 53 -9.2 -.7 +.2 -.5 3
Red maple___________ 85 -6.6 +1.2 +3.5 -.3 2~Do______________ 23 -6.1 -.1 (3) (3) 2
Paper birch __________ 11 +3.7 +.1 +1.4 0 1Do ______________ 

12 +13.6 +2.8 +1.8 -2.3 3~Ba.sswood ____________ 30 +6.8 0 (3) (8) 2 

See footnotes at eml of table. 
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TABLE l5.-Tests of the accuracy of various estimates of board-foot 
volume (Scribner)-Continued 

GROUP 4-STANDS WITH MARKED IRREGULARITY IN TAPER AND LITTLE OR NO 
COMPENSA'l'ION 

Deviation from actual volume of 
estimates based on-

Average 
devia

COIll- tionCom-Bosis: posite fromSpecies positetrees table normalCom- Form tablewith formposite class withcorrec- class intable 1 tables 2, log-bytioll for unitslog corform rectiollsclass 1 

(1) (2) (3) (,1) (5) (6) n 

N~I,'II1ber Pcrc(;nL Pereen/, Percent Percent Number
Red pine_____________ 104 -n6 -8.9 -2. f) +0.9 2~])0______________ 21 +6.2 +S. S +7.2 +1.9 1Do______________ 

42 +IS.8 +19.3 +21.2 +2.1 }f
White pine___________ 72 -7. '.I: -3.7 +.1 +1.6 1Do______________ 19 +S.1 +4. S (3) (3) 1Do__,____________ 26 +9.5 +12.0 (3) (3) 1
Whitc sprucc_________ 30 +15. S +11.4 -1-10. (j +'S 1% 
Balsam fiL 29 +10. G +12.3 -1-10.,2 +,(1 }~
Hcmlock__________ -_ 23 +5.1 -1-6.2 C") (3) }f])0______________ 

32 -1-10.3 -1-7. () -I-S. S +2.2 1
Sugar maplc__________ 51 -5.2 -4,. '1 (3) 0 ~~ Basswood ____________ 25 -4,. 7 -4.(; -I. (I - .2 0EI1I1 _________________ 

13 -12.0 -10.3 -5. (i -1.3 }~Rcd oaL ____________ 30 -1-11.3 -1-8.6 (I) (a) 1 

1 Using the 3-percent rulc. . 
~ Tables prcparcd for ]corcsb Scrvice use by Clcmcllt Mcsa\'agc and Jamcs 'V. 

Girard. 
3 K ot computcd iinsufficicnt elata. 

the actual scale. Good results n,re also obtained when the depltrture 
from the normal pattern is compensating; that is, when rapid taper 
ill one or two of the logs is offset by :l somewlmt better than avemge 
form in other logs. Under these conditions the errors will vary ac
cording to the degree of compensation but will usually remain below 
plus or minus 5 percent. Most stands will fall in one or the other 
of these two groups. 

Occasionally stands will be found in which form-class differences 
are marked and compensation in taper does not take place. For such 
stands the estimates from the composite tables will deviate from the 
true scale by a considerable amount. In these deviations the applica
tion of Girard form-class corrections is clearly desimble. A more 
detai.led discussion of the form-class correction will follow. 

There are rare occasions, however, when the most meticulous cor
rectionsfor form cluss result hl estimutes deviating from the true 
scale by as much as 15 percent or more. This fact has caused some 
cruisers to question the practicability of form-class corrections. Such 

•. 

• : 
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deviations are noted in opel1 c grOW,l1 timber, culled-over stands, and 
particularly when, as in recent years, better utilization pt'actices force 
the met'chantable height into ttl(' (TOWn of the tree wllere the top logs 
nre itTegula.r or nbnormnlJy small. In a stand of this kind, corrections 
for upper tal)er are also needed. A practicaJ approach to handling 
these mther complex situations is suggested in the section on "Irregu
lar Taper in Upper Logs." 

Girard FOl'm Class a 

The average taper expected in the Lake States region is SlWWll in 
table 7. Occasionally the form class of a stand ,may be considerably 
higher or lower than average. This is especiany likely to occur in 
disturbed stands where either the best trees have been cut, leaving 
those of poorer form, or where the least sih-icllltllrally desirable trees 
have been removed, leaving only those of better form. Also old 
stands or stands that have grown llUder unusually dense conditions 
may have trees with very little taper. 

The Girard form class is obviously affected by bark thickness. 
'Vhen the bark is unusually thick, the j'orm class is lower th:Ul indi
cated by the general taper of the tree, and "ice Yorsa. It has also 
))een noted tlmt relntive htlrk thickness is 110t the sallle at the top 
of the first log as at d. b. h. for some species. .Elm, sligar maple, and 
basswood have relatively thicker bark a.t 17 i:eet above ground than 
at d. b. h. In hemlock, tamitrack, and white pine the reverse is gen
erally true. These differences should be kept in mind when judging 
form class. 

)V11en the average j'01'111 class 0:1' a stand dev.ifltes :l'rom tbe l'CgiOlllLl 
average, it is to be expected that the ta.per of the upper logs will also 
vary accordingly. For example, i:l' the form class oj' a stand of trees 
averaging about tlu'ee Jogs in merchantable height is 82 instead of 79, 
the taper factors of the second a.nd tllird logs normally will be, not 
70 and 59 as indicated ill table 7, but somethi.ng higher than that. .t\ 
rule of thumb has been developecl 1:0 inclicate approximately what 
taper factors [tI:e to be expected 1n trees of any given fOl'lll cbss. These 
factors Rre related to the top d. i. b. of the first Jog as j'oIlows: 

Rnl,io 01 t.op (t;.. 0. of 'i.na.teate(l, lO!J to [,/Ie tOl) (t. 'i. O. Of bul I, 10f) 

Position of log .in trc2: 
Secolld__________________ --__________.. __________, ___________ glo 
Third -------- --____________________________.,____ "' __ .. ' ____ ._ ';:l
Ji'ourtlL________________ . _____________ ,,, _____________________ ~':t 

.Inf:tlL_______________________________ , ______________________ J,,:! 

Thus, for 3-log trees with forJll class 82, the blper factOJ: oj' the second 
log should be about o/J.o oj' 8201' iJ, and thRt oJ the third log should be 
about % of 82 or: 02. These :factors 0:1' 74 and 6:} replace the "normtd." 
ones of 70 a.nd59. 

In the past, cl'uisel'shn.vc clistomarily Illude fl, ~-percent allowance in 
volume for: every un it difference from the a "erage Girard 1'01'111 class. 

• Definition given on p. 10. 

http:cl'uisel'shn.vc
http:somethi.ng


28 TECHNICAL BULLETIN 1104, U. S. DEPT. OF AGRICULTURE 

If, for example, the actual form class of the timber runs close to 80 
und the table shows the regiona.l a,Yerage of 78, the correction would 
be 2 x 3 or 6 percent to be added to the yolume estimate. Likewise,l1,n 
average .forn1 class of 75 wouJd require :t 3 x 3 or 9-percent reduction 
in the volume estimate. This rule gives satisfactory results when the 
taper above the first log changes ill proportion to the increase or de
crease in form class. However, where the taper bils to conform to 
the normal pattern in relation to the clumge in form class, t.he 3-per
cent rule does not work. The requirements for the propel' application 
of the 3-percentru]e have been investigated und portrayed (fig. 2). 
The normal pattern of taper 1'01' trees of varying numbers of logs (as 
ffiven in table 7) has been expressed for simplicity as the sum 'of 
'taper factors" or the sum of the top d. i. b.:s of each log as percents 
of the d. b. h. These sums vary from 78 to 316 for 1- and 5-log trees, 
respectively (table 7) . 
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FIGUllE 2.-'.I:he effect of tUJler .factors on board-foot volume. 
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The percent deviation of actual from composite volume (P) related 
to the ratio of actual (8) to norma] sums (So) of taper factors can be 
~xpressed by the formula: 

P=234 [~o -1] 
1'0 compare the use of percent deyiation (fig. 2) with the 3-per

cent rule, consider two 20-inch, 3-]og trees with varying taper factors 
(table 16). 

TABLE IS.-Log measw'ements and scale volumes of t1.IJO 1JO-inch 3-Zog 
trees 'with varying taper factors 

Tree ::\0.2 

Xormal' 

Position of log 


I I Tree Xo. 1 

taper I Top Scale Top Scale
factors I d. i. b. Taper 	 Tapervol- d. i. b. volfact.ors 	 factors umeIof log 	 of log ume 

I In. Bd·-fl. In. Bd·-fl.ButL______________ 79 ]5.0 75 144. 15. 0 75 144Second_____________ 70 1 13.2 66 ]07 13.8 69 119Third ______________ 5() , 11. 2 56 73 12.0 60 86
I 

TotaL _.. _____ 208 j_______ \ 197 324 l_~_____ \ 204 I 349,
1 I 

• 	 The Y11rious "0] ume estimates aud methods of calculation a·re as 
follows: 

~rr£t 1\-0. 1 	 'rTf.(, l\-f)~ e 
Volume estimate from table] (board-feet) ____________ _ 366a66 
'Revised estimai;(' by tlle3-pcreent rule: 

Xumbcr of units dedation from normal form class __ 'I 4. 
First estimate reduced by 4 x 3, or 1.2 percent {board
fee~--------------------------------------- 322 322 

.Revised estimate based on sum of taper factors: 
Ratio of act,ua! to normal sum of taper factors: 

Tree!\o.I=197/208_______________________ .947 
Tree Ko. 2=204{208_ ___ ____________ _______ . 981 

Corresponding percent deviation of adultl \'olume 
from firstestirnltte (fig. 2)_____________________ -.12.4 -4.4 

llevi"ecl estimat.e (board-feet):
TreeNo.I=366(l-.124}___________________ 321 
Tree No. 2=36l\(l-.OH)___ ________________ 350 

Actual \'olurue per table]6 (board-feet)_______________ 324. 34!) 

• 

Both tre~s lHl,v~ the siln~e,d;i~nensions and ~onsequently are~iven the 
SiUl1(' volurne estllflatc of '~(){J bOHrd-feet from the composIte table. 
Furthermore, since they both have the same G:irard form class of 75, 
(!ol'rection by the 3-percent rule Jowers both estimates to 3~2 board
feet. However, although the upper logs :in tree No.1 taper approxi
mately in a l10nnal fasltioll for form class 75, those in tree No ..2 do 
not taper Its lllllch as "would be expected. AccordiuO'ly, the estimate 
for tree No, 1. by the 3-pel'l:ent rule .is YCI',Y close to the correct scale, 
but in the case of tree No, 2. t.he ruIe undcl'esti mates the correct volume 
by allowing too much redu~tioll in top. 

http:2=36l\(l-.OH
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The failure of the upper logs to follow the pattern expected with 
changes in the form class explains the inaccuracies of some volume 
estimates based on j'orm-c1asscorrections alone. It is sometjmes con
tended that the 3-percent rule is not sufficiently accurate to take caTe 
of changes in form class and tllat a special series of form-class tables 
would be more accumtein application. 

Such a series of tables has been made 10 a,nd was tested in comparison 
with the 3-percent rule (table 15, col. 4: and 5) on most of the 47 
samples analyzed. Estimates from the special form-class tables were 
general1y JUgher than the estimlttes based on the 3-percent rule. The 
reason is that, ,,-illt >,;ol11e nu:iations by dia.llletcr class, the form-claSS 
tables assume slightly less taper in the lrpper logs than shown ill the 
basic pattern (table 7). Thcl.'e is little cllOice between the two methods 
in accuracy. In actual pl'adice. therefore, it appears unnecessary to 
construct and apply n. series of Jortn-C'lass tahks (which are fre
quently cumbersome) so long ns eql.l1111y good results can be obtalJled 
from one composite ta,ble ,,,iill a. 3-perccnt correctjon rule whenever 
adj ustments are Teq uired. 

"'\Vhen to correct estimates from composite tabl.es Jor form class js 
a question of para.mount impol'f:anre. The nn5,,'e1' lies :in the com
parison behYeen c'ol 11 111 n5 ~} andA. tn.hle Hi. by Ole four /!l'OUpS of stands 
presented. 8tn,nels in group 1. by definition l'equire no rorrection for 
fo1'lU dass, The,Y are HH' staleds showi!)!!' Hgrct'mrllt with tlle normal 
taper. Grollp 2 5tn nds a Iso require no (,Ol'J\'ction for form class. In 
fact, corrections 11('l'e en n do more J1:\l'Jn Chan good. beeausc the taper 
in the 'upper ]OI!S more or less (·ol11pensn.tes j'ol' Ill{' cliifel'l'l1<'p :in form. 

For ~Jand5 'in group 0. :1'01'111 (,OI'I'(>C'I;ol1s ob\'iol1s1y irnpron~ the 
eRti mfltes. This iml)l'O\-el11pn/:is in dirN:t ])I'OPOI't ion fo tllC d i fl'erencr 
betwren a.ctUH1and normal 1'01'111 eJnss, ]<'01' exam ple. the f'ypp oJ sta ncl 
in wJl.icb 1'01'I11-('1<IS5 acljustmrnt:is rfr('ctin~ m;ry be ilJustrat:ed b'y da.ta, 
on the flyernge taper :factors for a sample oJ 5~) ash trees (table 17). 

T.mLE 17.-8Iand of 5.1 {[8h h'(,(,8in 'lchielt adjustment lOT f01'111 cla88 
ig effeclivo 

Tnp0r factore; I in

2-lo!!; [n:p" (BfI"i~: 4' 0-\0;.( t1'('P1' (Ba;:j,,: 12}'o:-,ij iOil of log 'sfLll1p\e tree;;) Stlll1p\~~ tT't'cs) 

:;\01'11111.\ Adull,\ :;\ orrn:]\ Adult\ 

..._" -,,-----
i 
----1----1-------

nutt. _______________________ _ 
7R HI 79 81Rccond ____________ ••• - ______ _ GG GO 7() 74Third ____________________ - __ _ [i!) ti3 

208 2J8 

I Top d,.i. h. or fL\O).{ 11.~ 11. percent of d, I). h. 

,. TalJles IJI'('lIl1 1'(0(1 for FOri'xt Scn'jrc uSe h.r CIClllcnt Mesuvage and Jamcs W. 
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In t1w .2-10g trees, the taper factors w('re three UJ1.its higher than 
normal in both the butt anci second logs. In the 3-10g trees, the butt 
log taper was two units higher Ii nd tll.c Sl'cond and third logs were four 
units higher than normal. A.lthough the upper lo/!,s did not always 
conform exad;]y to 'whatmi/!'llt be eXlx'ctedin consequence of the dift'er
ences in form class, O.eir tleYiations were so small that correctlon for 
form class by the 3-p£'rcl'nt rule I!tlYe yerT accurate results. The 
estimate from the comj)osite table was 9 percent lower UHll,\ the a.ctual 
volume. The 3-pel'cent rule l'('cluccs the e.l:ror of estimation to Jess 
than 1 percent. 

FOl'111-class acljusbnent::; nre desirable and .increase accuracy con
siderably whell the avel'al!c form class of n. stand differs grea.tly from 
the normal, and the upper ]o/!'s conform to the pattern expected in 
:lccorc1ltnCe with the cllange in :form class. Dl'l1sely stocked stands or 
those select:iTeJy Jogged slloulcl b£' i nspe('/£'d w iill gl'ea t care for possible 
deviati011s from UYCl'agc form class. 

Irregular Taper in Upper Logs 

Stands rcprescllted in group 4: (table 15) pl'es£'nt the most difficult 
problem. Ne.itl1el' estimates frolll the composit£' tables 1101' ncljusted 
estimates based 01\ fOl'm c]ass :tlone nre suffic'iently accurate :1'01' those 
stands with mnl'k£'d irregularity oj! form. For the occasional st:wds 
with only a very slight hlper in the uPlwl.' logs, yolume w.ill be under
estimated bv eith(']' IlwUlOd. OJ] the ot"her hanel. yoluJM esti.lnates on 
stands in ,vhich the top Jog SllOW;'; ('x('<'ss.iye tai)el' wj]l be too hi/!,h. 
Accurate estimat:c's on t11l:s(' types of stands ea.n be obtained only hy 
anaJysis of the /:a.per 0'£ incliYicluallogs. Th.is is jUustl'ated by tl.e 
erratic tap£'r of the log-sin :1 reel pillt' B:tlTlple (table 18). 

T.,\BfJE 18.-8tand of red 7)ine in 'I.oMch adjustment for form ela.ss i8 
ineffective 

Tftper factors I in

2-log; tree;:; 3-10g; trees 
(Basis: 37 sample trees) (Basis: 5 sample trees)Position of log 

I Units Units 
XOl'm:.LI l\du:t1 

I
c!ifTcl'- :1\01"10:11 Actual c1ifTer
enee ence 

INJI'm.bcr lVulIIbcrButt________________ 7R 79 Sl 2 
Rel~ond ______________ is I 0GG 57 9 70 CiS 2ThircL ______________ 

--- ---- -, --- -----! -- ------1 59 42 17 

191 _-'---- ........T()t;aL----~~~~_-I~_:~'~~L_~~351==J_._,~~J 
I Top d. i. b. of a log ll~ II. perecut of d. il. h. "

http:XOl'm:.LI


-----------------

32 TECHNICAL BULLETIN 1104, U. S. DEPT. OF AGRICULTURE 

The composite table overestimates the volume of this stand by 18.3 
percent. The correction for the above-normal formclass of the 3-log 
trees increases this overestimate to 19.3 percent. Inspection of the 
taper factors of the upper logs in both the 2- and 3-10g trees indicates 
that they are much below normal, whereas the form class of both 
sizes of trees is normal or better. Hence the estimates from the com
posite table should be considerably reduced for excessi ve taper. 

Such cases can be handled through log-by-log adjustments which 
show the percent of total tree volumes to be added or subtracted for 
each unit of difference between the actual ancI the normal taper factors 
for each log (table 19) . 

The adjustments (table 19) indicate tIle effects of the deviations 
from normal of individual log taper on the entire tree volume. They 
are expressed as a percent of the estimates from the composite volume 
table. The table reve!lls one interesting point, namely, that even a 
deviation of a few units :in the top logs may produce considerable 
error in the total volume estimate. For example, an increase of five 
units in the normal taper factor :in the third log of a 3-log tree wm 
result in a· 5 X 0.9 or 4.5-percent increase in the total volume. This is 
seldom realized by field men. 

TABLE ID.-Log-by-log adjustments of t'ree volume estimates from the 
composite tables 'When log taper i.s aonorrnal 

Correction for 
Kor.mal each unit of1.0g5 in tree (numher) Position of log taper 1 difference from 

.normal taper ~ 

PercentJ ___ ___ ________ __ ___ _ _ ButL _________________ _ 378 ±3.0 

') {Butt__________________ _ a 78 ±2.0 
---------------------- ... Second 

~- 66 ±1.5-

Butt__________________ _ 79 ±1.5il___ __ _ _ _ _ _ _ _ _ _ __ __ ___ Second________________ _ 70 ±1.2{Third _________________ _ 59 ±.9 
.Butt__________________ _ 80 ±1.3Second ________________ _

4_____________________ .']'11 l' rei 71 ±J.O 
62 ±.8( , ---~--------------________________ _ -l- -Fourth 52 ~.::> 

Butt. _________________ _ 81 ±1.2Secolld________________ _ 
73 ±.95_____________________ .Th~d_________________ _ 
64 ±.7Fourth ________________ _ -l- { 54 ~.::>INfth __________________ _ 
4.4 ±.4 

1 Top d. i. b. of I!iven log as percent of d. b. h. 
~ For simplicity t.his ill assumed to be a const/tIlt rate. IJarge deviations from 

normalt.nper !lctually have sli~htly higher eorrection percenta~es. Some of the 
discrepI1IH:ie,H bet;ween actual volume and that estimated from log-by-Iog corree-
UOI1R are due to the use of the constant ·rate. 

3 .Fort,rl,le~ less Ulan_115 illches, the norrnal.taper is:79. 

• 


• 


• 



• 


• 


• 


COMPOSITE VOLUME TABLES FOR TIMBER 33 

In the red pine example (table 18) the total corrections are as 
follows: 

2-1og trees: Percent 
Butt-log adjustmenL_________________________________________ 0 
Second-log adjustment, 9X -1.5 pel'l1mt, 01'_______________________ -13.5 

Total adjustment on 2-log tree ,olumes________________________ -13.5 

a-log trees: 
Butt-log adjustment, 2X +1.5 percent, 01·_________________________ +3.0 
Second-log adjustment, 2X -1.2 percent, 01:_____ __________________ -2.4 
Third-log ndjustrueut, liX -0.1) IlerceIlt, or______________________ -15.3 

Total adjustment on 3-log tree \'olumes _________________________ -14.7 

The combined reduction is about 14 percent. The composite table 
overestimated the volume by 18.3 percent. The net error after adjust
ment (since the correction of 14 percent is on the estimate from the 
composite table) is 1.183 (1-0.14) -1, or +0.017, which is equivalent 
toa 1.7-percent deviation from actual volume. 

The theory of log-by-log adjustments is 11either complicated nor 
new.. It only requires Imow.;·ng the taper on which a ,-olume table is 
based and the amOllnt of ('orl'edioll 11eeded fOT allY departures from 
that normal. The application is cliffie-ult, for it requires judging the 
taper ltlong the merchantable stem-an ac('oJllplishmelltl'equirmg con
siderable training and frequent practi.ce. In stands of very irregular 
taper, however, it is the olllywny of insul'iJlg any degree of accuracy. 
James Girard, fumed for llis aC('lIl'a('y ill estimating Yolume, always 
supplemented his form-class estimatps with an inspection of aUll 
allowllnce fo1' upper Jog tnper. 

The first step in the ]og-by-]og analysis is to become familiar with 
the normal taper recognized in the composite table (table 20). An 
es6mate of the sizp of the de\'iations :f,·olU norma] is thPll made for 
each log if the slunp1e tree, w])(>Uwr j'plJpd 01' st:ul(:Ung. appears either 
abnormally cylinc1r.i('al or conie-a] .in :;11:1.1)(>. These differences should. 
be translated in terms of inc-Ill'S frorn the normal diameter. They 
can then be ('on\'(:'I'Ied to pen'Pllt (,(lITl'ctions to be applied to the total 
tree volume (table 21). 

A skillfrll cruiser can detect us Bluch as 1h-1nc11 clifl'erence fI'om the 
normal fop diameters, particularJy :in the lower portion of the stem. 
The unskilled cruiser should not attempt to evaluate by eye differences 
of less than 1 ine-h and should ('o.llstantJy be on guard againstsystemati
cally overestimating 01' undprestilllating diameters. AlJ cruisers should 
cheek their ocular estimates frequently. If the cruiser is unable to 
differentiate satisfnctorily between the actual and the normal taper, 
he may at least detect those trees with a, 2-i11C11 difference from normal 
in the butt or uPlwr logsaJl(l thus :tyoid o('cilsional large errors ]n 
estimati ng timber volume. 

The procedure jl1 estimating the correction percent for a 20-inch, 
3-log tr'ee is .illustrated ill table 22. If cOITPction percents are simi
larly estimiLtec1 for II number of sarnple trees in a systematic manner, 
the comparison between the revised estirnates and the direct estimates 
from the composite table will indica.te the amount of adjustment 
needed. 

http:indica.te
http:practi.ce
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TABLE 20.-Log top diameter inside bark as tlscd ,in the c01nposite board-fo(!t tables ~ 

Top fl. i. b. of illdh'idual logs whell Iluiliber of Jogs ill tree is- 8 
to1 
o 

Diameter breast high ..\. ~ 1 2 3 5 ,....Cillches) 

~ 
Butt Butt 211 I-;:u I 2;1 ad---' Butt I 2c1 I 3d ,tth Hutt I 2d ad 4th 1 5th 

----·-----'--'--'--~---I--'-------------- ~ 
10_______________ . ___ JI/~~lnS hI7:1!)~ rl1~~I~S !~~~~r.sJ~~~~s_l~~~I~fs !~~~I~~~I~~~~~sJ~~~~8- ~~~/~~8_ ~~~~~8_ ~~~/~~s_ ~~~~~s_ ~~~~~s_ ~~~~~s_ 8 

f;j 

12_____________________ 1 n.;) n.5 :-;~ !------!--i---.----.-- ------1------;------ ------ ------ ------ ------ ----------- ~ 
14___________ .. ___ ,__'" III. 0 1.1.1 ',J. ~ ',ILl .J.8 I S.l ------,---- -:--, -.-- ------ ------ -,----- ------ ----,-- ----- .....16_____________ ,, ______ 12.-1,112.:1 ,1O'(,i 12.0 11.3! ,\,1.3 ,12.8! ,II.'I! n.!) 8.a _______ ,------,-,---------------- ....18 ______________ " ______ ,1,1.011.1.0 II. I! .101,. a 12.7,10.7 1·1.4 12.,1) 1.11.2 n.4, I-tO 13.1 11.5 \).7 7.f) o 
20__________________ .. 115.0 15.0 1:3. I Hi. S 1·1. (,) I I l. 8 1,0.°,11',1. :',)12.410,,'l Hi. 2 1',1. 0 ,12.8 10.8 8.8 ... 
22_____________ • ___ 17.2 17.2 1·1.5 17.3 15.8 13.0 17.n 15.0 I~\.G IL4 17.\! ]0.2 14.2 12.0 n.n 
24________________ -0. IS. 7 18.7 .15.8 In.O 10.8 ].1. 2 Ill. 2 17. I 15.0 12. (\ Ill. 5 17. 0 15.5 13.1 10.8 ~ 
26________ .. _________ 20. a 20. a 17.2 20.5 18. I ! Iii. 3 20.8 18.0 10.2 la.6 21. 1 U).] lG.7 14,.2 U. (l rtJ28_____________________ 21.\1 21.8 IS.:1 22.0 In. 1) 10.·1 22.-,\ In.\! 17.·./ 14.0 22.8 20.1'> 18.0 \5.2 12.4, 
ao_________ "_________ 2a.4 2:3.·1 Ill. S 28. G 20. n 17. G 2·1. 0 21.:3 18.015. (j 2,1. a 22.0 10. a 1fi.:3 1:3.3 ~ 

32__ _ _ _ _ _____ •• ___ . _ _ 2;'i. 0 25. 0 , 21. () 25. 2 22. a IS. S 2;";. (j 22.7 II). n IG. 7 25. n 2:3. 4 20. 5 17. 3 14. 1 M 
I 

3·1._______________ • _ _ _ 2G. 5 20.:;! 22. :312(j. 7 2:). 7 In.!l 27. 2 I 2·1. I 21. 2 .I 7. 8 27.:) 24. 8 21. 8 18. 'J 15. 0 ~ 
36______________________ 2.8.J 28.112a.8 2S,.8 25.0 21.128.825.022,.418.82,0.220.328.0 In. 4 15.8 
8S_____________________ . 20. () 211. 6 25.1 2n.!l 20. "122. 3 80." 27. () 2::\. (j .If!. 8 :30.8 27.7 24.8 20. fi 1(\.7 o 

"'.l
40. _____________ ,. _______ 81. 2 31. \ ! 2!i. 21 31.:3 27.7 28.·.1 :12.0 28.·.1 24. S 20.8 82. '.I 2\).2 2:;.6 21. 6 17.6 

:> o 
::!l.... 
oc:: 

~ 
::!l 
tr:l 
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TABL.] 21.-Adj11.st1nent of composite 'l)olu'lne esti,tnate lol' each inch deviation 11'01n normal top diameter 01 individual 

----
logs 

AdjllstlllCllt for each illt:h deviation whell lIumber of logs ill trcc is

Di;unetcr Im:ast high ---I I ,1 o ~ 
o 

2 3
(inches) 5 

---T- i --!--!~-'--j- I" ~ 
Bull· HIII:L' 2r1 Butt 1 2d J :3d lI\dL 2c1 .. ad 4th Butt; 2d ad ,It,!' 5th t>.l 

----1-- - .- ..- -1- ..- ..---.- ...- ----'--. ----.--.-~----.---.--.- <: o"('/' f"('r- f'cl'- r'c'l'- I f'(,I'- f'(,I"- f)(,I"- f'cr- f'cr- !'cr- Par- !'(!r- r'C/'- Per- Per
cenl10_________ • ______ . __ celli crnl CI'1l1 I c(,1l1 c(,111 C(,lIt celli cellt t't'llt cent, cent cell,t cant cent as. 012___ _ 26. () ~ 

14_______ • _______ _ 
21. 0 I16__ • ____ .. __ • ____ • __ fi: ~ i E: g:=!l.=0l=~.-~:j --'- -=:~:: ===::: :::=:: ====== :===== ====== ====== ====== =====:IH. f)18c ___ . ________ , __ _ II. () !~. g f ~,()! ~. II I ~ ',- --~--- ---- .. '-,c-~- --.- - ----- • _____ • __________ _ ~ n. i S, _, I. 1 , (,. () , ,I. h ,I. () ·k 4 d. .. . _____ ______ ____ _ _ _____ _20 ____________________ , 1 i•• " 
1·1. () So ;, ~ 

7. 2 n.;l: ii. ·1, i ii. 0 .1.. ·1, a. S il. 1 .1. :3 a. !l 2. \J 2. 8 2. ;j 1Il22 ___ • ______ ._ •• __ _ 12. ;, 7. n n.., fi. (\ i .1. R ' ..1. i; .1. 0 a. ;1 2. 8 :I. \l ;j..J 2. fi 2. 5 2. 024_______ ._._._. __ ._ ._ ""l1 I. ;i n. ~ ,j. 8 iJ. 0 j .1..1' ·1.1 a. 0 :3. 0 2. fi ;\. 0 3. I. 2. 2 2. 2 .1. 8 o26. _____ .-_ •• __ 10. ;; 
!U; 

n. 2: i-,.:3 .1. O! .1. 1 :I. 8 a. ~l 2. 7 2. ;1 :\. :.1 2. n 2. I. 2. (} 1. (i ~ 
28 __ ." . __ . _. __
30 ______ • ____ _ ;-,. 7 1 ·1,. H 4. 2! :l.:-; :l. ii a. 0 2. 5 2. 2 a. () 2.7 I. !l .I. !) .1. 5 n.o ~ [i. a I. 1..:3 '.'1. !l I' :.l.:) a. 2 2. 8 2. <1 2. 0 2. 8 2. 5 1. 8 I. 8 1. <1::12. ___ . _-,,, __ ._ 8. ·1 .1. !l i .1. 2 a. (j a. a :3, 0 2. 0 2. 2 L \) 2. (i 2. a I. 7 L 7 1. ;j34 ____ ... ,_ ••• _ ~-i. H ·1,. n: :3. \l I a. ·1, ::I. 1 2. 8 2. fj 2. .1 1. 8 2, " 2. 2 ]. (i I. f) I. a t>.la6 __ •__ .. __ ._ .... 'It .,.-' ., 'J 'J () 'J 1 'J c, 'J') 'J 0 1 7 2 ',f 'J 1 'I - 1 r 1 2 38._. _________________ . i. ·1· 't; ":.' .~. I ~ ,~. - .... • .... . < _. \J ......J ..... • • a.... . i) .' ..l , .. ~ 

40. ___ . ________ . ______ ._ i. il .1. 2, :3.;) j :l () 2. i 2. 2 2. ;. 2. 2 I. \I I. (i 2. 2 2. 0 I. 5 I. '1 I. 1 
G.7 -I. 0: :3.:~; 2. H 3. (i 2. .I 2. a 2. 1 I. S I 1. fj 2. I I. \l I. " L " I. 1 

.--~'---.~.. --~-- .-~....- ----------

~ 
CoIl 
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TABLE 22.-lllustration 01 prooedure lor estimating correction lor 
abnormal taper 01 ~-inch, :i-log tree 

Top d. i. b. of log Approxi- Correc-Position of log mate tion 2differenceKormal I Actual 

Inches Inches Inches PercentButt_________________________ 
15. 8 16}!; +}!; +3.2Seco.nd _______________________ 14.0 14}!; +7f +2.7Third ________________________ ] 1. 8 12 0 0 

Total percent corrcction=-I-.5.9. 

Volume estimate from composite table] =366 board-feet. 

Revised estimate= 366 (l -I- .059) = 388 boarrl-fcet. 


I From table 20. 
2 Based on percents in table 21. 

Example of Applicalion 

If, because of the ilTegnlarities in the upper blper, it appears that 
the 3-percent rule is inapplicable, alld the cruiser is sufficiently trained 
to analyze the taper of the stem or has down timber to guide him, he 
can use another procedure (table 23). This procedure should be based 
on an unbiased sample of trees taken along the. cruise lines or the entire 
area. This sample would ordinarily consist of 15 to 50 trees per major 
species, dependmg on the size of the tract cruised. Such procedure 
automatically weighs the contribution of each tree in proportion to its 
size. 

In an example based 011 11 yellow birch trees (table 23) the s~mple 
trees on the average tapered more thal1 normal. so the volume estImate 
from the composite table should be reduced by' 9.S per<!ent. This cor
rection for taper may be considered important, particularly when a 
valuable species such as ye]]o-w birch is involved. A number of l;2
inch as well as I-inch deviations are shown. If only 1-inch deviation;; 
were estimated, the total correction would 110t be as accurate. 

Short Log Lengths 

The board-foot composite tables aSSUlne standard 16-foot logs, but 
frequently logs are cut in shOlier lengths. The Scribner rule does not 
allow fo1' taper, and scaling in short lenf,rths results in :1 slight increase 
in volume: ' 

AddiU01Icd 
volume ()btafnetl

Log length (feet) : (percent)
16______________________________________________ .___________ 0 
14_________________________________________________________ 1 
12 _____ ,______________________________________________------ 3
10_________________________________________________________ 68__________________________________________________________ 9 

Estimated uverage for the Lake States________________________ 4 

• 


• 

4It 
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TAULB 2:J.-!lZ,uslmtion of lJl'oced1t1'e for adiu,sting voZwlne esti'lnates 'when ta1w'!' ,is abnormal, .l.I yellow bi:rah trees 

Different;!} frolll 1I0rllllli tllpur ill inches alld 
p(lrccnt t;orr't~ctioll 

Vol II 1111] (Jor
.I \)-f!Jol; Total fro III rectmlDiallwtt'r hr('lIst, high (illeht's\ 

logs 1st log 2d log ad log corrl](; COIIIPI) \'0\111111) 
tion site esti 

table 3 mato ~ Diff('r  Corree Differ-Differ-, C?JT(',C- Ciorrl.'c- iIl 
t\IlCt.~ I tion ~ ence I tlOIl ! enen 1 tion 2 8I·----1---- til 

<
!foll-/'d Hoa.rd o

10___________________________ _ 1\-I/.II//)('/' I ["/If/tI'S PI'I"{'('I// rn:'I/('~ I P(~I"~enl [lIf'lies ~Puc!'nl plJ/"l"!'I11 II'd jC!?t,
I (l20 ______ ._._ ., o o ao 30 ~12 _____ . __ - I --(i. a -I)~ -8.1 -1 - 'J. ,I --]8,8 ;3(;(\ 297" til

14 ____ _ 2 o o -. ~~ -7.0 -7,0 7S 73
2 - .. ;~ -.. n. S 0 012._._ -G,8 J.lfi 108
2 .+}~ I- S. [, -I ;f -I i,O10. ____ •• ____ . +15, fi 78 90 ~ 

14 __ _ -- I<~ __ Jn. 0 _ L __ 
- lll. 0 :{(l 24

10 ________ _ I ~ 2 0'- 0 0 0 o 110 Uli iIl
I ~.~ 0 0 (.) _._16_____ •.. o 40 40 

12 ______________ ._ .•.• _ ;j ~ I. -- 8. 0 --;~ -. a. 4 -- !~ -,2. n -1,.1. a 224 HI2 ~ 
24 _______ . ____ • ____ . ______ ._ ] .- ,1 2 - 1;1, 0 _ -. . _'1_ ,- -. - - -. -- -Ia,o .IS ·12 ~ 

2 1f _,'~ -;~.4 -I --;',8 Cll -n.2 ·170 427 
Tol.al ----.~-------~-~-~~~~---~T-~~-~--~~:-r·~~~-r-~-· r-I~;-;I(j 

1,439 ~ 
to 
til 
~ 

Correetion percelli, for t.he crlri~1' d:d:r.=:"'11~~:"')'I~ ~.I -.'- -n.S lI"I"l'('1; t. 
. !,l, h 


I Estilllate blL~('d 011 Lallie 20. 

2 jcrolll table 21. 

! From table .1. 
t PortiollS of I()g~ nre igllored. 

~ ..., 
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In actual practice, however, logs are cut in varying lengths and 
corrections should be adjusted to the predominant length. Usually 
in the Lake States region, the average correction will be about 4 
percent. Since the International ~-inch rule allows for taper, the 
correction for short lengths is so small that it could be omitted. 

Accuracy of Revised Estimates 

When stands follow the normal pattern, adjustment for form class 
and upper taper of logs contribute little additional accuracy and cQ.n 
be omitted. (Compare columns 3 and 6, table 15.) The same com
ment applies to stands with compensating tendencies in the factors 
affecting volume. 

In stands which differ only in the Girard form class, the correc
tion for form reduces the error considerably. Even though such 
accuracy as is show11 ill column 4, table 15, cannot be attained with 
ocular estimates of form, deviations of 8 percent or more (as shown in 
coJumn 3) would not occur if reasonable care in estimating form class 
were used and if the taper of the upper logs were not too dras6cally 
different from the normal pattern (group 3). 

Stanos with marked irregularity in taper and little or no compen
sation do not occur frequently, but the occasional stands of this kind 
encountered are probably responsible for most errors above 10 percent. 
Therefore, a conedion for the taper of upper logs is essential. Even 
rough estimates of taper would reduce considerably the errors of vol
ume estimates for such stands. 

CUBIC-FOOT VOLUME 

Check of Composite Table Estimates III Different Types 
of Stands 

Tests were made of the accuracy of estimates from the composite 
cubic-foot table on 39 different stands, which cover a wide range in 
factors affecting volume. A random selection would have included 
more stands with average form, and very few representing the ex
tremes; hence the estimates generally wonld have shown a greater de
gree of accuracy. Even with the nonrandom selection, the composite 
table estimates on 29 of the 39 tests were within 5 percent of the 
actual volume. Only two of the tests were over 10 percent in error. 

The stands used in the tests (table 24) are divided into two groups. 
Group 1 includes those stands i~ which the fa~tors affecting volUll!e 
are eIther average or compensatmg. Group 2 mcludes the stands m 
which form quotient, bark volume, species taper, or some combination 
of these factors is considerably above or below the average and cor
rections of the composite table estimates are required. 

In this study the differences between the actual volumes and those 
estimated from the composite table are considered to be caused by three 
factors, namely, bark, form class, and species taper. Each of these 
items is discussed in detail. 

• 


• 


• 




• 


• 
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TABLE 24.-Accuracy of culJic-foot 'Volume estimates and the adjust
ment required for the factors affecting 'Volume, on 'Various sample 
stands 
GROUP I-STANDS IN 	WHICH FACTORS AFFECTING VOLUME ARE EITHER 

AVERAGE OR COMPENSATING 

. DeYia
tion of Adjustment required for- Deyia
com tion of 

Species Basis: 
trees 

posite 
table 
esti
mate 
from 

Form 
quo
tient 

Bark 
volume 

Species 
taper 

Net 
correc

tion 

revised 
esti
mate 
from 

actual 
actual 

(1) (2) (3) (4) (5) (6) (7) (8) 

Number Percent Percent Percent Percent Percent Percent 
Red pine- -- __ - - ---- 20 +1.2 +0.6 -1.8 O. 0 -1.2 O. 0 
White pine--------- 21 +.6 +.2 -.4 -2.0 -2.2 -1.6

Do ____________ 18 +4.8 +1.0 	 -1.8 -2.0 -2.8 +1.9
Jack pine ___________ 25 -2.1 .-1. 3 -2.1 +3.0 -.4 -2.5 

Do ____ ----- --- 30 +3.0 -4.0 -.4 +3.0 -1.4 +1.6
Balsam fir__________ 43 +1.0 -7.0 +2.0 +3.0 -2.0 -1.0 
Black spru ce __ - - - - - - 27 +.4 + ..5 -2.0 +2.0 +.5 +.9Do ____________ 20 -3.4 +.5 +.3 +2.0 +2.8 -.7

Do ____________ 24 -.2 -4.0 +4.4 +2.0 +2.4 +2.2
Do ____________ 25 -3.2 (1) (1) (1) (1) (1)

6 • White-cedar ___ - - --- 18 -3.1 - .n +1.3 +5.0 -.2 -3.3 
Hemlock ___ - - -- - - -- 39 -.1 +3.2 -4.0 -2.0 -2.8 -2.9

Do ____________ 18 -.7 +6.8 -4.1 -2.0 +.7 0 
I • 

.~spen-------------- 80 -1.6 T.n +.5 0 +1.0 -.6 
Sugar maple ________ 10 	 -4.0 +2.5-.2 +10.5 -4.0 +2.3 
Yellow birch _______ 23 -.1 -1.5 +.7 0 -.8 -.9 

Do_. ____ - ___ --- 16 -2.9 +2. i +1.0 0 +3.7 +.7 
Basswood ______ ---- .28 +2.5 +4.2 -5.4 0 -1.2 +1.3 

GROUP 2-STANDS IN WHICH FACTORS AFFECTING VOLUME DEVIATE FROM 
THE AVERAGE AND ARE NOT COMPENSATING 

Red pine_ - -- -- ----- 25 -10.0 +9.3 +1.3 O. 0 +10.6 -0.5
Do____________ 25 -14.6 +18.2 -1.0 .0 +17.2 +.1 

Jack pine----------- 80 -11. 9 +6.2 +3.5 I +3.0 +12.7 -.7 
Balsam fir ______ ---- 21 +3.1 -6.8 .L.8 +a.o -3.0 .0Do ____________ 	 I 

27 -8.0 +3.5 	 +2.0 +3.0 +8.5 -.2
Do ____________ 25 +6.5 -]3.7 +2.0 +3.0 -8.7 -2.8 

Hlack spruce-------- 20 -7.7 .L .2 +4.6 +2.0 +6.8 -1.4I 

White-cedar ____ ---- 29 -3.3 -2.6 +1.4 +5.0 +3 8 +.4
Tamarack __________ 11 -5.5 (1) (1) (1) (1) (1)
Hemlock ___________ 18 +8.8 +1.0 -5.0 -2.0 -6.0 +2.3

Do ____________ 25 -5.2 +9.3 -2.4 -2.0 +4.9 -.6Aspen______________ 45 -4.8 +1.0 	 +2.5 .0 +3.5 -1.5
Do ____________ 48 -3.6 +5.0 +1.5 .0 +6.5 +2.7 

Sugar maple ________ 16 +6.9 -2.5 -.8 -4.0 -7.3 -.9
Do ____________ 23 +6.0 +4.5 	 -.5.. 8 -4.0 -5.3 +.4Do.. ___________ 30 +9.4 (1) (1) (1) (I) (1) 

Basswood _____ -- ___ 30 +2.8 +.5 -4.5 .0 -4.0 -L3
Do ____________ Hi +3.7 +1.5 -5.3 .0 -3.8 -.2

Oak _______________ 27 -4.4 +7.0 	 -6.3 +7.0 +7.7 +3.0
Do ____ '_ _______ 41 +:3.8 -9.5 -3.5 +7.0 -6.0 '-2.4
Do ____________ 39 +5.5 -11. 0 	 -2.4 +7.0 -6.4 -1.3I 


1 Insufficient~data to compute corrections. 



___________________________ _ 

----------
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Bark Volume 
Bark volume of trees in the Lake States varies considerably among. 

species. Some species are noted for their thin bark, particuhtrly 
beech, tamarack, spruce, and balsam fir; others such as the oaks have 
unusually thick barlc Regional averages for bark volume have been 
computed by species for three stand-size classes (table 25). 

Since bark thickness is affected by stand density, age, site, etc., 

there is frequently wiele variation not only among different species 

but also among different stands of the same species. Jack pine bark, 

for example, is rathel' thin in and near the Superior National Forest 

and relatively thick iu Hubbard County, Minn. Similar tendencies 


TABLE 25.-P1'oportion of bark to total unpeeled oubio-foot volume by 

speoies and stand size 


Proportion of bark when stand is-

Sawtimber (12 illehes 
Species Poletimbel' d. b. h. and larger) 

(4-10 
inches 

d. b. 11.) Second Old 
growth growth 

Conifers: 	 Percent Percent PercentBalsam fir__________________________ _ 12 12
'White-cedar, llortherlL ______________ _ 14 14 14 
 •Hemlock___________________________ _ 17 17 19

Pine:	Jack 


Hed ___________________________ _ 17 H 10 

16 13 11
\Vhito_________________________ _ 14- 16 18


Spruoe:Black__________________________ _ 
12 11
\Vhite_________________________ _ 	 ---------
15 12 10
Tamarack__________________________ _ 
12 11 


Hardwoods: 
Ash:Black__________________________ _ 

16
Greon __________________________ _ 	 15 14 

17 16 19
\Vhi to _________________________ _ 

Aspen_____________________________ _ 17 1G In 
18 ]8Basswood __________________________ _ ----------


Beeeh_______________ ______________ _ 18 20 20 

c 	 8 
 8 7


Birch:Paper__________________________ _ 
11 ]2yellow_________________________ _ 	 ---------
1:3 Iii 15
Cottonwood ____________________ . ___ _

Elnls ______________________________ _ 17 17 18 

17 18 In
Hickories_______________________ . ___ _ 15 16 


Maple:Hed _______________ . ___ . _______ _ 
15 15 14
Sugar._________________________ _ 15 17 18


Oaks:
llccL _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ 18 20 20
White ___ .___ ._ _ __________ _ •20 20 22 
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have also been noted in white pine and oak. For this reason it is rec
ommended that the l'stimator check the bark thickll(;sS of a number 
of trees in a stand to determine whether it approximates fairly closely 
the general average of the species or how inr it deviates from the 14
percent average assumed in the composite table. Double bark thick
ness expressed in percent of d. b. h. can then be converted into bark 
volume by certain multiplying factors (table 26). 

TABLE 26.-},[ultiply,tng factors for conve1·tinq bark percent at d. b. h. 
to bark volume in percent 

Multiply MultiplySpecies Speciesing factors 1 ing facto", 1 

~Oak ________ __________ _ Sprllces ________________ .2. 2 2.0Elm___________________ _ HemlocL______________ _2. 2 2. 0
Sugar rnaple____________ _ Tamarack_____________ _2. 2 2.0Aspen ________________ _ Basswood ______________ _ 2. 2 1.8Ashes __________________ _ Beech_________________ _2. 0 1.8Birches________________ _ .Tack pine______________ _ 2.0 1.8
Red rnaple____________ _ 2. 0 Red and white pine _____ _ 1.6Balsa.m fir ______________ _ 2. 0 

1 To be applied to the double bark thickness us II. percent of d. b. h. outside bark. 

As bark volume was assumed to be 14: percent in the composite table, 
corrections must be estimated from this figure. For example, if the 
bark of a stand is thick fl,nd its volume is estimated at 18 percent, the 
difference of 4 percent must be subtracted from the composite table 
volume. If the bark volume is less than 14 per'cent, the difference 
should be added to the estimate from the composite table. 

TIle adjustment needed for difTel'ences in bal'];: "Volume among 3{) 
tests has been computed (table 24, column 5). Eleven of the stands 
had bark yolume sutlieiently difl'eI'ent froll1 the 14 percent assumed in 
the composite table to require 4 percent or more cOl'l'ection. For ex
ftlnple. !l.'~ PPI'(,Pllt \"as subtract"eel from nle ('olllposiJe. volump, estimate 
for the basswood sample in p:roup 1, indicating that the hark volume 
must have been 14.0+5.4:, or 19.4 percent. In 16 of the 21 stands in 
which the bark volume deviation was 2 percent or more, the final esti
mate was improved by making the correction. 

Form Quotient 

• 
The form quotient, or the clirrmcter outside bark nt one-half of the 

height as :~ pel'cent of <1. b. 11., ~en(,J'ally jndicates tile fullness of the 
bole and is definitely correlated with the form facto''. Since:t form 
factor of 42 percent of the cylinder volume was med in the composite 
table, the deviations of actual volume from the ('omposite volume 
should likewise be correlated with the actual form quotient. Devia
tions for about 135 trees randomly se]ected from various samples have 
been calculated (fig. 3). Although there is considerable variation 
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FORM QUOTIENT 

.FIGURE S.-T.lIe effect of form quotient on cubic-foot ,olume. • 
within each form quotient group, the trend indicates that on the 
!t verage much accuracy 'will be gai ned by recognizing form quotient. 

There appears to be a tendency for some species to have a higher 
form quotient than others. For example, red pine and old-growth 
hemlock generally show less taper than white-cedar or balsam fir. 
As is true of bark, howe\"(~r, stand density and age affect form quo
tient. Old-growth and dense timber is generally noted for its better 
form. As a rule, suppressed and intermedi.ate trees within a stand 
Jmve better form than the dominants. 

The studies indicated that the composite table estimate should be 
increased or diminished by about 1.75 percent for each unit of devia
tion from the average form quotient of 68. III 36 tests, the amount of 
correction needed for form quotient variations ranged from 0.2 to 18.2 
percent (btble 24, column 4). III 1!), or over 11n If of the tests, the 
form quotients were at least two units different from the average, and 
required a correction of 3.5 percent or more. '1'he fimll estimates in 
15 (If these 19 stands were improved by making: the correction. 

To assist in making adjustments for form quotient the norma] 
diameters outside bark at one-huH the i:otal height for eueh diametel· 
class, together with volume udjustment pereentsfor each inch of 
deviation from the normal, have been computed (table 27). If, for 
example, a 14-inch tree shows a diameter outside bark of 10.5 inches at 
one-half the total height, the composite volume estimate should be 
increased by 12.5 percent. 
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TABLE 27.-Normal diameter Otttside bark at one-half the total height 
and percent adjWJtment for each inch of difference from normal 1 

Volume Volume 
Normal correction Normal correctionDiameter Diameterdiameter at for each diameter at for eachbreast high breast highone-half inch devia- one-half inch devia(inches) (inches)total height tio!'. from total height tion from 

normal normal 

Inches Percent 'Inches Percent6____________ 19 ___________4. 1 29.0 12. 9 9.07 ____________ 20 ___________4.8 25.0 13.6 8. 58 ____________ 215.4 22.0 14.3 8.59 ____________ 22 ___________6.1 19.5 15. 0 8. 010.__________ 23___________6. 8 17.5 15. 6 7.511 ___________ 24___________7. 5 16.0 16.3 7.0
.;JD __________ ......12___________ ?8. 2 14. 5 17.0 7.013 ___________ 26___________8.8 13. 5 ]7.7 6. 514___________ 27___________9. 5 12.5 18.4 6. 515___________ 28___________10. 2 11.5 19.0 6. 016___________ 29 ___________10.9 11. 0 19. 7 6. 017___________ 30___________11. 6 10. 5 20.<1 6. 0 

(18-----------l 12.2 9. 5 

1 All diameter measurements are outside bark. 

• A skiJJed cruiser should be able to estimate deviations from normal 
of 1 .inch on the. large trees and one-half inch on the smaller trees . 
Checks of ocular estima.tes should be made frequently to avoid a con
stant bias in one (l1recti.ol1. AltllOngh form quotient estiml1tes may be 
subject to considerable enor. the estimator should be able to detect 
large deviations fwm 110rmafin a stand and make some. correction for 
them. 

As mentioned previously. special instruments thRt are both relatively 
accurate and practical could replace ocuhtr estimates and thus jmprove 
the accuracy of form-chss estimation. Adjustment factors (tllhle 2i) 
would then become .mOl'e useful to the Il,'crage cruiser .in applying 
the measurements of the composite yolume tables to .indiyidual tracts. 

Species Taper 

• 

Because of the wide variation. in bl1rk thickness and form quotient 
within :t speci.es, these factors cannot properly be combined into 11 

species correction. It was found, however, that even aiter allowances 
had been made in the sample stands for differencesi.n these two factors 
there still remained for some species a small but systematic dis
crepancy between the estimntec1 imcl actual volume. This discrepltIlc), 
is attributed to the fact that, of two trees with the same form quotient, 
one may tilper clifferently tlU1I1 tIle other up to or beyond the halfway 
point 011 the stem. l\{uch of the variation within the same form 
quotient group (see fig. 3) is explained by this OIle factor, which ma)' 
be called species taper. 

After the composite table estimates hnve been adjusted for form 
quotient and bark thickness, the volumes of oak, white-cedar, jack pine, 

http:speci.es
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balsam fir, and black spruce are still generally underestimated from 
2 to 7 percent (table 2B). The volumes of white pine, hemlock, and 
sugar maple, on the other hand, are overestimated by 2 to 4 percent.. 
Other species apparently need no adjustment. 

Very frequently, the effects of form and bark in combination tend 
to obliterate the species differences. Therefore, the species adjustment 
should be used only jf allowances have also been made for form and 
bark thickness. 

TABLE 2B.-Adj1lstment of composite cubic-foot estimates for species 
taper differenoes 

Percent of Percent of 
Species 1 adjust Species 1 adjust

ment ment 

Oak ___________________ _ Aspen _________________ _
I if o

White-cedar ____________ _ ..L- Yello,,' birch ____________ _
ID o

Jack pine ______________ _ BusswoocL _____________ _+3 o
Balsamfir______________ _ '''-hite pine_________ .. ___ _+3 -2
Black spruce ___________ _ Hemlock_______________ _+2 -2
Red pine_______________ _ Sugar mn.ple____________ _ -40 1, 

I Data were not available for all IJake States species. 

Twenty-five of 36 tests made were for: species that have a correction 
for species taper (table 24). On Ii of these, adjustments improved • 
the final estimates. . 

Example of Application 

The procedure followed in estimating und applyjng the adjustment 
factors is s11ow))1]1 table 29. 

1. Correctio11 for form quotient: 243.3/225.0=1.081, or 8.1 percent 
to be added to the composite volume estima.te. 

2. Correction for bark yolume: 11.80/1'.1:1.1=0.084. indicating that 
on the average 8.4 perc.ent of the d. b. h. is bark. 0.084 x 1.B (see 
table 2(l) =0.151, indicating t1mt 15.1 percent of the total unreeled 
volume js barl,:. 0.140-0.151= -0.011, or -1.1 pereent. This is the 
percent difl'erence in bark volume from that assumed in the composite 
table. Since the bRrk volume is greater thRl1 normal, the volume esti
mate sllOuld be. reduced by 1.1 percent. 

3. Correction for species I:upel': ..'\,ccol"(lin~ to table ~8, 3 percent 
should be added to the volume. estimRte for jack pine. 

4. Correct;ion percents for all three itlctors added algebraically:
+B.l-1.1+3.0= +10.0 percent. 

5. A.ssuming that the volume estimate from the. composite table for 
the cruise datil is 2,800 cubic feet ])er acre, tl1e corrected estimate is: 
2,BOOX 1.10=3,080 cubic feet. 

By taking into considenLtion an three. factors affecting cubic volume, • 
the. first estimate of volume was increased by 10 percent. In this case 
there was a cliJl'erence. in form sufticientJy large to warrant an extra 
effort to correct the original estimate from. the composite table. 

http:estima.te
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TABLE 29.-11lmtration of procedure for adjU8ting the cubic-foot esti
mate from, the compositetohle on a· jack pine stand 

N 1/ Devia.!.'orma . Cor-mid- tlOns DoubleVolume d' .from rectedDiameter breast Total Correc- barkesti- ~k~- nor.Inal yolumehigh (inches) height tion 2 thickmate 1 esti outside !!ud- ness
b rk 2 dlam mate 4 

a eter 3 

(1) (2) (3) (4) (5) (6) (7) (8) 

Oubic Per- Cuhic 
Feet feet !-"ches blches cent feet Inches 

6.9___ 51 5.6 4. 7 +12.5 6. 3 O. 52- - ------ +~Y.L __ .... ..... _- 46 8.7 6. 2 +19.5 10. 4 .76--- +1 
9.5 __ ------_ .. - ... -- 42 8.7 6.5 +;.~ +9.2 9.5 .86 
11.0__ .. "'- .---- 62 17.2 7. 5 +~ +8.0 18. 6 .95 
11.3 __ , _ .. _ ... 4,.5 13. 2 7. 7 +1 +].5. .5 15.2 .8411.7___________ 54. Hi. 9 8.0 0 0 16.9 .91
12.0_____ ,''' _______ 47 15. 5 8.2 +1 +14.5 17. 7 1.14 
12.0__ 

~ .... -.- . -- - --- 62 20.4 8. 2 -1 -14. j 17.4 1.06 
12.2__ ._. _ .... ~ -_. - --- .54 ]8.4 8.3 0 0 18.4 .9613.7__________ . ____ 55 23. 6 9. 3 +X +6.5 25. 1 1.14
15.2______ --- {i5 34. 4 10.3 +1 +11.5 38.4 1. 5016.5_______________ tiS 42. 4 11.2 +11~ + Hi. 5 49. 4 1. 16 

Total 141.1.------1------- 225. 0 ------- ------- ------- 243. 3 11. 80 

I From composite table 3. 

2 From table 27. 

3 Estimated by eye or instrumcnt. 

4 Column 3 corrected by pcrcents in column 6. 


Accuracy of Revised Estimates 

For 36 stands tested, the deviations of the corrected cubic-foot vol
ume estimates from the actual measured volume were no more than 
3% percent in error; most of them were -within 1 or 2 percent (table 
24, column 8). 

The results, however, are not a good indiClltion of what may be 
expected in regular cruises for two reasons. First, the samples used 
were not random but were selected purposely to obtain wide variation 
in factors affecting volume. A. similar l1lunber of random tests should 
show better results from the composite table Rnd less variation in form 
quotients and bark volumes. Second, it cannot be expected that esti
mates of bark and ocular estimates of form made on standing trees will 
be as accurate as was possible in these tests, where exact measurements 
of the bark a]] along the stem and of form quotient at half the height 
were available. Nevertheless, with practice, most cruisers should be 
able to detect any marked depllrture from the average and to make 
some adjustment for it. -

Of the 36 stands tested, 8 were very close to Hveragein every respect; 
that is, very little adjustment, had to be made for any of the factors 
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(table 24). In9 of the stands, larger adjustments were made for 
2 or 3 of the factors, but the net correction was small because the 
deviations tended to be compensating. In the remaining 19 stands, 
an error from 3 to 14 ,percent would have resulted if no adjustments 
had been applied to the composite table estimates. Since the samples 
were selected especia]]y to i]]ustrate the effects on volume of abnormal 
form quotients, such stands would be encountered only occasionally 
in practice, \Yhen they do occur, however, large errors in estimates 
can result from the failure to take form quotient into considemtion, 

Of the three factors affecting Yolume, it is eas,jest to correct for 
species taper, simply by adjusting the first estimate by the percent 
briven i11 table 28. A.djgstment for bark Yolume, also, is not difficult 
because it J'equires rel:ttively few borings to determine double-bark 
thickness used in conjunction witl1 table 26. Adjusting for for111 
quotient, however, is a different m:ttter; the cruiser must be skilled 
in ocular estimates OJ' must make frequent checks either on felled trees 
or by climbing standing trees. 

Bec!Luse of the relative difliculty of obtaining form qnotient meas
urements, the cruiser may be inclined to make lldjustmel1ts for bark 
volume and species taper only and to assume that the majority of 
estimates will thereby be impl'o\-ed, This is true if the form quotient 
is average 01' requires adjustment in the same direction as the net 
correction for species tapeJ' and bark volume, For example, if the 
bark volume of an oak sta.nd m,eaSUl'es 18 percent, a correction of a 
minus 4 percent must be made on the estimate from the composite table 
which aSSlUnes bark volume of 14 pel'cent. The species taper adj ust
ment for oak is a plus 7 percent, making a net COl'l'ectiOl1 for species 
taper and bark volume of a plus 3 percent, 

'I'he composite table will overestimate a stand if it has a. form 
quotient below average; hence the estimate would become less reliable 
jf net adjustments for bark yolume and species taper only were used. 
Had the forl11 quotient been average 01' better, the estimate would 
IHtve been improved. This is because an abon-average form quotient 
~dways requires a plus correction. Since this is i11 th~ same direction as 
the combined bark volume and species taper correction, an improve
.ment would necessarily be made. If the net correction for these two 
factors had been a minus 3 percent instead of a plus 3 percent, the 
opposite wouM have been true; application of the net correction factor 
would have improyed the Jimtl esbmate only if the stand had an aver
age or below-average form quotient. 

The conclusion, then, is that before decicling to m~lke use of the 
species and bark correction factor only, the estimator must at least 
determine whether the form quotient of the stand is average, below 
Hyerage, or above average. 

CORDWOOD VOLUME 

In using composite cOl'dwooc1 tables 4, 5, and G, the estimator sllOuJd 
consider (a) the care exercised in piling1 (b) Jarge differences in 
:form and taper, and (c) the degree or actual utilization. 
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Care in Piling 

The composite tables assume careful piling equivalent to 79 cubic 
feet of wood or 92 cubic feet of wood and bark per standard cord of 
unpeeled bolts. If local practice (woods piling, pilinO' on trucks, etc.) 
indicates looser piling, some correction will be require~. For example, 
sometimes in average woods piling only 75 cubic feet of wood are 
stacked per r~ugh sord,_whic~l obviously implies that 5 yercent more 
stacked materIal, (19-70) ..;.-70, would be needed to equa the amount 
shown in the composite table. Special consideration should be given 
to this question of care in pilillg since loose p:i1ing is often the cause 
of large discrepancies in estimates ·of cord wood volumes. 

Large Differences in Form 

Moderate vRriatiOlls in form and species taper and in bark thickness 
have a very small effect on volume of stacked material. Although good 
form results ill more cubjc volume of bolts, such bolts are apt to pile 
better and thus have more volume per cord. The reverse is trne of 
poor form. If the bolts have tllin bark tIlere will be more units per 
rough cord and also a higher solid con teJ1 t. Therefore, the cordwood 
volume estimated from composite tables 'win seldom need adjustment 
for variation il) bark and forIn and wiU commonly suffice for all 
practical purposes. "Then large Ylu·jatio]1S from the a.vera~es occur, 
especially when they tend in the same direction, some adjustment 
must be made. It is assumed that with careful piling the solid conte-"lt 
of a rough cord wj]l very seldom be less than 75 or more th:U1 83 
cubic feet. 

Degree of Actual Utilization 

The merc11antable height in terms of bolts is the usable height to 
a POUlt on t11C stem where elefect, brancl1es, or c1efonrlit-y limit actual 
1l1E!rchantnbility llndis 110t to a fixed top diameter. The minimum top 
diameters, either 3.0 or 4.0 :inehes inside bark, are merely the smallest 
sizes acceptable to the pulpwood industry. 

The degree of aetual utijization determines the yield in bolts from 
standing trees. TJ11S factor should always be carefully ascertained 
in cl'l1isinl!. The composite tables, whether bn.secl on total height 01.. 

bolt height, are based on certain utiJization stancl::Lrds (see tables 10 
and 11). If tIle relation of the merchantable height to the total 
height varies considembly from the shlIlclarc1s assumed in the tables: 
adjustments s]lOuld be made. 

His essential, th(,l"efo)"(', that cruisel's wllo pref(,T to uSe t:n bles'~ ,mel 5 
based on total height should, w]llle measm:iilg total heights, also take 
enough merchantable l1cight estimates to establish the similarity be
tween the actual utilization and; Illlt assumed in table 10. 

For convenienee, adj ustments for actual util izatioll have been com
bined with those for form quotient chss and species taper, both for use 
with corc1wootl \'ollllnc tables 4 and 5, baS('d on total height (see table 
30) and conlwood YOllll1lC taille 6. bas('(l on number of bolts (see 
table 31). 
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If cordwood volume is estimated from composite table 6 requiring 
a tally by number of bolts instead of total hejght,a correction should 
be applied if actual total heights are considerably higher 01' lower • 
than the assumed heights given in table 11. 

TABLE 30.-Adjustment of 	cordwood estimates based on composite 
tables 40r5 

IPercent adjustment wllCn the ratio of 
actua.l merchantable height to as-Form sumed merchanta.ble height is-Species group quotient 


class 1 


0.60 O.iO 0.80 0.90 1.00 1.10 1.20 1.30 

Per- Per- Pcr- Pcr- Per- Per- Pc'/"- Per
ccnt ccnt cenl cent cent cent cent cen.tBalsam fir, spruce, tama {POOL____ 	 -i -2 +i-3i -2i -19 -13 +3rack,red and white pines, Aycrage__ -30 -20 -12 -6 0 +5 +10 +14hemlock, aspen, birch, Oood -23 -13 -5 +1 +i +12 +li +2]ash, and maple. 

Cedar, jack pinc, cotton- f)oor----- -32 -22 -]4 -8 -2 +3 +8 +12 
wood, elm, and bass- Ayeragc__ -25 -15 -i -1 +5 +10 +15 +llJOood ____wond. -18 -8 0 +G +12 +1i +22 +2{) 


f)oor----- -2i -.Ii -9 -3 +3 +8 +13 +1i 

oak---------------------- Avemge__ -20 -)0 -2 +4 +10 +]5 +20 +24

Oood ____ 
T;)-13 ' -+ll +1i +22 +2i +;31-31

t 

I Form quotient classes: Poor, G5 or leSSi a\'crage, GG-iOi good, il or morc.. 
See discussion on form quoticnt and figure 3. 

TABLE 31.-Adjustment of cordwood estimates based on composite 
table 6 

])ercent ILdjustmcnt, wben the ratio of 

Form actnal height to aSf;umeci hcight is .Spccies grO~lp quotient 

class 1 


O.iO I 0.80 I0.90 1~12 1.20 

PCT- Pcr- Per- Per- Per- Per
rcnt ('cnt celli cent cent ('pn(Balsam fir, sprllce, tar.Jl-

F')OOL __-- -22 -]i -]2 -i -2 +3arack rccl and white Ayeragc__ -1.'5 -)0 -5 0 +5 +10pines,'hemlock, aspen, lOoocL ___ -8 -3 +2 +i +12 +libirch, ash, Il.lld mu.plc. 
Cedar, jack pille, cotton- {poor_____ -Ii -]2 -i -2 +3 +8 

wood, elm, and bass- Aycragc__ -]0 -5 0 +5 +10 +].)
Goocl ____wood. -3 -1-2 ,I' ~ +]2 +]7 +22 


-]2 -7 -2 +a +8 +13
f'oor----
Oak------------------l Ayeragc__ -5 0 ,0' - +10 +]5 +20 

-1--	 I f)
,~I, 	 +22I Goocl_ - - -I +2 I +12 +Ii 

1 Form quotient clusscS: Poor, (;5 or JCSSi Il.ycragc, {)(;-iOi good, 71 or rnorC'. • 
Sec disclission on form Cjuotient and figuTC 3. 
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Example ·of Application 

For example (table 32), the correction factor was obtained from 
sample trees in an aspen stand with the poor average form quotient 
of 62. 

TABLE 32.-Basis f01' adjusting cord-wood volume estimated from com
posite table 4- for an aspen stand 

8-foot bolts 
Total VolumeDiameter breast high (inches) height estimate 1 

Actual Assumed 2 

Feet Cords Number Number 
8____________________________ 50 .068 2.5 3.1 
10___________________________ 60 .138 ao ~2 
12 ________________________ ~__ 70 . 247 ~ 0 5.4
8____________________________ 60 .082 2.5 3.7
HL__________________________ 70 .460 5.0 6.0
14___________________________ 60 . 295 ~ 0 4.. 9 
12___________________________ 60 .210 4.0 4.6 
12_ -------------------------- 60 I .210 ~ 0 4.6
10___________________________ 70 .103 a5 ~O 

8____________________________ 50 .068 2.0 3.1 
--------1---------1-------

• TotaL-----------------:----------1 1.941 34.5 44.6 

1 Values from composite table 4. 
J Estimated from table 10. 

The ratio of actual to assumed number of bolts is 34.5/44.6, or 0.77 
(table 32). 

The form quotient of 62 illd.icates poor form for the trees in this 
stand. (See discuss.ion on form quotient in cubic-foot section.) 

The correction factor for this aspen stand is a minus 21 percent (see 
table 30). 

The new cordwood estimate of sample trees becomes 1.941 (1-0.21), 
or 1.53 cords. 

Using the same example, hut bflsin¥ the estimate on the number of 
bolts, gives s]jghtly cWferent results ~table 33). 

The ratio of actua1 to assumed total height is 610/594, or 1.03. 
The form q,uotient of 62· indicates pOOl' form for the tl'ees.in this 

stand. (See discllssion on for111 quotient in cubic-foot section.) 
The correction factor for this aspen stand is a minus 6 percent (see 

table 31). 
The adjusted cordwood esbmate of sample trees becomes 1.688 

(1-0.06), or 1.59 cords. 

• 
For this stand the cordwood estimate based 011 total height required 

a .reduction of 21 percent because of the floor form and the fact that 
the actual number of bolts was considerably less than that assumed 
in the composite table. On the other hand, the estimate based 011 num
ber of bolts needed It reduction of 6 percent, pdmarily because of poor 

http:tl'ees.in
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form. The corrected estimates, based on generalized correction fac
tors, were not exactly the same for both methods, but either method 
would provide much more satisfactory estimates than those obtained 
directly from the composite tables. 

TABLE 33.-Basis for adjusting cordwood volume estimated from com
posite table 6 for an aspen sta/Tld 

I Total hcight 
VolumeDiamcter breast high (inches) Bolts estimate 1 

Actual Assumed 2 

N1l1nber Cords Feet Feel8 __________________________ _ 
2. 5 O. 059 50 5110____ . ____________ • _______ _ 
3.0 .111 60 5712__________________________ _ 
4. 0 . 198 70 638____.. _ . __ . _. ________ . __ 2. 5 .059 60 iii16 _____________________ . 
5. 0 .420 70 7114_____________ .____________ _ 4. 0 .273 60 6712 _______ . . __ _ __ _ __ . ___ . 4. 0 .198 60 6312______________________ . 
4.0 .198 60 6310_________________ . ____ . 3.5 .122 70 578___________ . ____ . 2. 0 .050 50 51 

1. 688 1 610 594. 

1 Estimated from composite table 6. 
I From table 11. 

Accuracy of Revised Estimates 

The accurncy of any cordwood table is difficult to judge because 
of the varia~jon in the closeness of piling. Nevertheless, composite 
table 6,11 whlCh shows volume based on number of bolts, has been used 
for some years by foresters and pulpwood industry men, and opinion 
thus far indicates that a satisfactory degree of accuracy is obtamable 
without adjustment. This implies that commercial stands on which 
the table has been use.d genera~y .have shown no ex.treme variations 
in form and total heIght. It IS probable that adJustment factors 
rarely will be needed when merchantable height is measured. 

Estimates based on the cord wood tables by total height are apt 
t.o require adjustment more frequently t.han those based. on number 
of bolts, since variations in merchant.ability can cause errors of con
siderable magnitude. It is especially important when using these 
tables to make certain t.hat the ut.ilized height closely approximates 
the standards used in the tables. 

U See footnote 5, p. 11. 
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SUMMARY 

• This report explains the development of a set of composite volume 
tables for the Lake States and their appEcation :in the field. 

Six basic composite tables have been prepared that can be adjusted 
by means of correction factors to fit any particular stand. The tables 
have been tested extensively :ill the field and have been found to be 
a satisfactory replacement for the J1l1merOUS local species volume tables 
formerly used in the Lake States. 

'Vhen large areas are evaluated, a considerable amount of com
pensation among the factors affecting volume occurs, and adjustment 
of the basic composite tables llsualJy :is not requiTed. The estimates 
are also sufficiently accurate on small tracts for recOlUlaissance surveys 
or for timber of relatively low Hlue. 

For the purchase or sale of more valuable timber, or in areas where 
the timber clearly departs frolll the average pattern, adjustments 
should be made. This requires either additional work in making 
!'.pplicability checks or the ability to estimate significant differences 
in form class of trees. btlrk thickness, taper associated w:ith species 
and the condition of tile stand, degree of utilizat:ion, and local prac
tices. Methods for lll:lking these ucljustments are given. 

A satjsfactory estimate, using any volume table, is ahvays dependent 
on adequate considera60n of the character of the timber being cruised. 
To use the adjustment factors presented:in this report, it is necessary 
to eyaluate local differences in timber stands often oYerJooked when 

• using species tables. This fosters improved estimates. 

• 
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