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Woody debris or %lash"--the fbtiage, branches, species and 9 hardwood species (or species groups)
unmerchantable bole tips, and broken or defective common to forests of the North Central and North-
boles of trees left on the ground after tree cutting eastern United States. Methods of estimating the

(fig. 1)--often poses a serious fire threat to forest weight of slash by standard flael size classes are also
resources. When weather conditions are conducive, included.

fires encountering heavy accumulations of slash burn
with high intensity, are generally difficult to control,
and can quickly spread into surrounding stands of
valuable timber. Where the risk of fire damage is

high, management action to treat or remove slash
accumulations is often desirable. ONMERCHANTABLE

Whether slash treatment is necessary and which
type of treatment is most effective in a particular
situation are complex decisions involving a variety

of factors. Among them are the amount of slash in- CROWN
volved, land management objectives, resource val-
ues, land ownership and use patterns, topography,
,climate, vegetation types, fire frequency, fire effects,
local fire suppression capability, slash disposal laws,
and timber sale contract requirements.

This handbook tbcuses on the first of these factors,
the amount of slash involved. While field inventory

methods can be used to estimate slash weight (Rous- Bo_e
sopoutos and Johnson 1973), they are expensive and
must be applied after cutting rather than before. The
primary objective of this guide is to provide methods

fbr predicting slash weight prior to cutting usingcommon and easily Obtainable tree measurements
as independent variables (i.e., d.b.h, or, in some cases,
d.b.h, with tree height). Tables are included that al- Figure 1.--Slash is produced from three portions o/"
low the user to estimate weights of crowns and un- the tree: (I) crown; (2) unmerchantable tip; and
:merchantable bole tips, both on a "per tree" and a (3) defective or broken bole (adapted from Brown
'_per unit of tree basal area" basis for 10 coniferous et al. 1977).



PREDICTING SLASH t:h_ branchwood crown weights to predict total debris

WEIGHT from summer harvest of hardwoods.

The equations and sources used in constructing

In the slash weight prediction process, four sources table 8 are shown in Appendix II. Although the equa-

of slash or debris are recognized: cutting, trampling, tions for hardwood crown weights and foliage weights
defect and breakage, and existing debris, were sometimes developed from diffbrent sources,

the same species was used whenever possible. When
(a) Cutting debris consists of tree crowns and tops this was not possible, species within the same genus

remaining on the site after cutting. were used.
(b) Trampling debris is incidental material result-

ing from logging activities; it generally consists The weights given in tables 1-8 include all crown
of small trees damaged during skidding or other branchwood, including the unmerchantable bole tip

logging operations, to a 4-inch top. Appendix III shows weight per tree
(c) Breakage and defect is debris left on the site and top diameter based on equations listed in Ap-

as cult material. The amount of debris can vary pendix I. Bole section weights as needed were added
considerably by locality, site, age of the stand, to weights shown in Appendix III to get the weights
timber sate operator, and timber sale require- listed in tables 1 and 2.

ments. Wood densities needed for calculating slash
(d) Existing debris consists of material on the site resulting from defect and breakage, are given in

prior to logging or precommercial thinning. A table 9.
downed woody fhels inventory (Brown 1974) can
be used to estimate the amount of existing de- The steps for using the tables to predict the weights
bris. of the various slash components are outlined below.

Estimates of'cutting and trampling debris can be Step 1
made using the crown weight information presented

in tables 1-7. These tables were generally patterned Summarize tree harvest data by (a) number of
after those found in the Handbook for Predicting trees to be cut per acre by species and d.b.h, or (b)
Slash Weight of Western Conifers (Brown et al. 1977) basal area by species and d.b.h., whichever is most
and in the Handbook [br Predicting Residue Weights

of PacificNorthwestConifers(SnellandBrownl980). _.__ _il, .% /')_/_kki_i

In developing our tables we did not make allowances " /
for differing stand conditions, although it is known, UNMERCNAN3-ASLETI P_

fbr example, that crown weight of red pine can vary 21__
with site quality and stand density (Brown 1963). _? . _ 8.... d _b

The user should be aware that such differences exist, _!__- I

and that more precise slash weight estimates can be Rowe

made by using additional variables such as site index

and stand density tBrown 1965) or crown ratio (Loomis ] _//
and Blank 1981). "__

The equations and sources of information used in __
constructing crown weight tables 1-7 are shown in

Appendix I. Tables i and 2 list species requiring only _' -'_-t_-_z__i'_-

d.b.h, as the independent va r iabte for estimating %'-_ _'__
crown weight. Tables 3-7 list species requiring both
d.b.h, and tree height as the independent variables /'I
fbr estimating crown weight. If tree heights cannot sot_
be measured, estimated heights will suffice, al-
though additional error may be introduced.

In tables 1-7, the _'a" portions give weight per tree o "_
and the _b" portions give weight per square foot of
basal area. Tables 2 and 7 list crown weights of hard- Figure 2._Crown weight tables for hardwoods do
woods, but do not include foliage (fig. 2). Table 8 lists not include foliage (adapted from Stanek and State
foliage weights of hardwoods, which can be added to 1978).



convertient, tt%ees per a,cre can be converted to basal (d) Weight of downed woody material or existing
......._ per acre using table 10. Always use a d.b.h, debris°
distribution rather than an average stand diameter This will yield the total predicted weight of slash or

to avoid bias resulting fh}m. curvilinear weight re- debris remaining on the ground after cutting.
lations.

EXAMPLES OF SLASH
Step 2 PREDICTION

From the, appropriate crown-weight table, mul- Example lo--Commereialtipty the number of trees times the weight for each
d.b.h, oat So y.Tot ltheouttingdeb 'i Thinning in a Red Pine
for each species. Do the same with small<liameter Plantation
trees that have been trampled during logging.

For stands of intolerant coniferous species with To determine the weight of cutting debris: assume

significant; numbers of intermediate or suppressed 50 trees per acre are to be cut from each of three
crowns (fig. 3), crown weight should be adjusted by d.b.h, classes (5.-, 6-, and 7-inch trees), with u.titi-

using the fbtlowing equations (Brown et a[. 1977): zation to a 4-inch top diameter..

kbs/tree
Doboho Equation D.b.h.(in.) Trees�acre (fromtabtela) Lbs/acre Tons/acre

Less than 7_5 inches AW = W x [I - (0.5 x f_)] 5 50 58 2,900 1.45
7.5 inches and greater AW .... W x [1 - (0.4 x fI)] 6 50 60 3,000 1.50

where AW= adjusted weight per acre for inter- 7 50 68 3,400 1.70

mediate crowns, TOTAL 9,300 4.65
W = weight of crowns per acre calculated

fi'orn the crown weight tables, and To determine the weight of trampling debris: as-.
:f_= the fraction of trees per acre having sume that boles of'trees damaged by trampling have

inte_ediate and suppressed crowns, been removed to a 4-inch top and only the slash, from
the crowns and unmerchantable tips remains on the

Step 3 site. kbs/tree
O.b.h.(in.) Trees/acre (fremtabtela) Lbs/acre Tons/acre

Estimate slash weight in tons per acre fbr break- 4 5 56 280 0. ! 4
age and defect using the following equation:

(v) x (f) x (d), To determine the weight of defect and breakage
W = debris: assume volume to be removed to be 670 cubic

2,000 feet per acre; breakage of about 2 percent and defect
_'°* ewhere W = the weight of debris fl'om defect and left on the site of 3 percent (based on expe_ tent _ with

breakage in tons per acre, similar red pine stands); and red pine density of 28.,7
v .....merchantable volume to be cut in cu- pounds per cubic fbot (f)om table 9). Then, in the

\

bic feet per acre (note: 180 cuft per equation for determining weight (W_, the volume (v)
MBF, 90 cuft per cord), :is 670, the fraction (f) of' merchantable volume ex-

f = ft"action of"merchantable volume ex- pected to be left on the site :is 0.02 + 0.03 or 0.)o_

pected to be lef_ on the ground as and the density (d) is 28.7, or
defbct and breakage, and

d .....density of wood in pounds per cubic (v) x (f) x (d) _ 670 × 0.05 × 28.7

foot (from table 9). W = 2,000 - 2,000
= 0.48 tons/acre.

Step 4
Thus, the total predicted slash from cutting =

Summarize the total debris by adding: 4.65 + 0.14 + 0.48 = 5.27 tons per acre,,
(a) \%_ight of crowns or cutting debris.
(b) Weight of trampling debris. To determine the weight of downed woody mate-
(e) W_ight of defect (cult) and breakage debris left rial: assume the volume of' existing downed debris

in d_e woods, to be 3 tons per acre.

I 111 ,i] -_. _...............................
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Figure 3. The crown weights of intermediate and suppressed trees of shade-intolerant c,oni-
ferous species are less than those of dominant or codominant trees, and adjustments in crown
weights may be needed.

The total predicted slash weight, therefore, be- To determine the weight of defect and breakage
comes 8.27 tons per acre (5.27 + 3.0). debris: assume a volume to be removed of l,930 cubic

feet per acre; breakage of 5 percent and defect left

Example 2. -- Clearcutting i_ on the site of 10 percent (based on experience withsimilar northern red oak stands); and northern red
8O-yearoold, _econu-growm oak density of 39.3 pounds per cubic foot (from table
Northern Red Oak Stand m Then, in the equation for determining weight (W),

the volume (v) is 1,930, the fraction (f) of merchant-

To determine the weight of cutting debris: assume able volume to be left on the site is 0.05 + 0.10 or
harvest of 70 9-inch trees per acre, 100 10-inch trees 0.15, and the density (d) is 39.3, or
per acre, and 50 ll-inch trees per acre, with utili-
zation to a 4-inch top diameter. (v) × (f) × (d) 1,930 × 0.15 × 39.3

kbs/tree W = 2,000 - 2,000
g.b.h.(in.) Trees/acre (fromtable2a) Lbstacre Tons/acre

9 70 138 9,660 4.83 = 5.7 tons/acre.
10 100 177 17,700 8.85

1I 50 222 11,100 5.55 Thus, the total predicted slash from cutting =
TOTAL 38,460 19.23 19.23 + 0 + 5.7 = 24.93 tons per acre.

To determine the weight of trampling debris: as- To determine the weight of downed woody mate-
sume all trees of merchantable size to be harvested rial: assume the volume of existing downed debris

with no damage from trampling, to be 5 tons per acre.



The *ota_ predict:ed slash weight, therefore, be- F 01[ 8 g e

come29.9ston (24.9s+ 5.01. OtO in,

Example go--Adjusting for
Intolerant Coniferous Species

,<,
To.determine the weight of cutting debris for stands

of intolerant coniferous species with significant "x_,,
numbers of intermediate or suppressed crowns: as-
sume the calculated crown weight for the stand to t/_ t0 I in.
be 30,000 pounds per acre in trees 8 inches d.b.h.

%4

and greater, and the proportion of intermediate and @,._,.[_:j;suppressed crowns in the stand to be 25 percent. "<_ "#'_.':

Then, ad:justed crown weight (AW) = W x [1-(0.4 {4_, ?;,._: I to 3 ]rl.
x f])] - 30,000 x [1-(.4 x .25)] : 27,000 tbs/acre. _._'_ _{..}_!
Thus, the adjusted crown weight is about 1.4tons per
acre.

3 +in,FUEL SIZE CLASSES

Fuel size class component fractions are given in Figure 4.--Component /?'actions of foliage and
tables 11 and 12. The weights of individual fuel size branchwood size classes are used for calculatingclasses (foliage, branchwood 0 to 1/4-inch in diam-

tons per acre irzput for compzzter-based, fire-be-eter, 1/4 to 1 inch, 1 to 3 inches, and 3 inches and
hauler predictions (adapted from Brown 1978).

larger) (fig. 4) are needed if the fuel manager wishes
to use debris prediction information to estimate fire
behavior by computer (RadtoffetaL 1.982). These fuel

size classes are used to predict fire behavior potential Fuelclasssize(inches)
in the Rothermel (1972) fire behavior model. Also, D.b.h.
the branchwood fuel size classes correspond to the 0nches) Total Foliage 0-V4 V4-1 1-3 3+

1-, 10-, 100-, 1,000-hour timelag fuels described in Tons�acre

the National Fire Danger Rating System (Deeming 4 0.14 0.03 0.01 0.02 0.02 0.06
et eL 1977). Some examples of predicting slash weights 5 1.45 .40 .06 .39 .34 .26
by fuel size classes are given below. 6 1.50 .42 .05 .40 .36 .27

7 1.70 .47 .07 .46 .40 .30

Example 1e--Conifers Total 4.79 1.32 .19 1.27 1.12 .89

The fuel loading in tons per acre fbr each size class

using the crown component fractions Example 2. Hardwoodsis estimated

from table 11 multiplied by the corresponding crown
weight per acre fbr each species and d.b.h, class. In The fuel toadings for hardwood species are esti-
this example, we used the red pine stand described mated using the crown component fractions from ta-
earlier. Since table 11 does not include component ble 12 multiplied by the corresponding crown weight
fractions for the 5, and ?-inch diameter classes, the estimate for each d.b.h, class. In this example, we

fractions for the 6-inch category are used to repre- used the second-growth hardwood (northern red oak)
sent the 5-, 6-, and 7-inch diameter classes. The total stand described earlier. The total weight within each

weight within each diameter class is multiplied by diameter class is multiplied by each crown tempo-
each crown component fraction to obtain weights nent fraction to obtain weights within each fuel class
within each fuel class size as shown below. For ex- size as shown below. For example, the 4.83 tons per
ample, the 1.45 tons per acre in the 5-inch diameter acre of 9-inch slash multiplied by the 0.05 fraction
class multiplied by the 0.28 fraction of foliage from of 0- to 1/4-inch material from table 12 equals 0.24
table 11 equals 0.40 ton per acre of foliage, ton per acre of 0- to 1/4-inch material.

" , '"_T_'_"1'III ...............Ilinf........... "'



FueJclass sizefinches) Deeming', John E .",Burgan_ Robert ._.,_::i",,"Coh(,n,. _Jac_
O.b.h. D. The National Fire-Danger Rating System .........

(inches) Total 0-V4 V4ol 1-3 3+ 1978, Oen. Tech. Rep. INT-39. O.g:"den,_. UT: UoS.

Tons Department of"Agriculture, _orest Serv:_ce, Inter.-

9 4.83 0.24 1.08 2.80 0.73 mountain Forest and Range Experiment Station;
t0 8.85 .35 1.86 4.78 1.86 t977. 63 p.
1t 5.55 .22 1.1t 2.72 1.50 Dyer, Richard F. Fresh and dry weight, nu:trient ele-

ments and pulping characteristics of northernTotal 19.23 .81 4.03 10.30 4.09
white-cedar, Thuja occidenta_is. Maine Agricul-
tural Experiment Station Tech. Bull., 27. Orono,

For summer-cut trees, hardwood foliage estimates ME: School of'Forestry, University of Maine; 119::_7,

are calculated using weights from table 8a, multi- 39 p.
plied by the number of harvested stems per acre. Forbes, R. D., ed. Forestry Handbook. New _/i_rk:

Ronald Press; 1961: 1-6.

O.b.h. Hegyi, F. Dry :matter distribution in jack pine stands
{inches) Trees/acre Foliage Foliage Foliage in northern Ontario. For. Chrono 48(4): 193-.197;

1972.

Lbs/tree Lbs/acre Tons Keen, R. E. Weight and centres of gravity involved9 70 12 840 0.42
10 t00 15 1,500 .75 in handling pulpwood trees. Teeh. Rep. 340. Mon-
t 1 50 17 850 .43 treal, Canada: Pulp and Paper Research Institute

of Canada; 1963.93 p. (Woodlands Resea.rc.h Index
Total 1.60 147).

Loomis, Robert M.; Blank, Richard W. Estimating
northern red oak crown component weights in the
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Table la..--Crow_ _ weight (7_ertree)_ including un- Tabte lb.--Crown weight (per sq_tare foo_ oil basal
merchantable tip to a 4-ineh top,/br selected con- area), incZuding unmerchantabZe tips to c_4_inch
iferou,s species (weights above the dotted Ene are top, for selected coniferous species (weights c_bove
total tree weights including the tree bole,"weights the dotted line are total tree weights including the
above the dashed lines are within the limits of sam- tree bole; weights above the dashed lines are within

pled data) the limits of sampled data)
(Inponndspertree) (Inpoundspersquarefbot)

9,b,h. Jack F_ed Pitch Balsam BJack White D.,b,h,Jack RerJ Pitch Balsam B]a_k White
(inches)pine pine p{ne fir spruce spruce {inches)pine pine pine fir spruce spruce

1 2 2 2 1 1 1 1 367 367 367 183 183 t83
2 10 10 t0 7 8 8 2 455 455 455 318 364 364
3 28 26 26 20 22 22 3 571 531 531 408 449 449

5 66 58 64 67 63 69 5 485 426 47t 493 463 507
6 80 60 71 81 74 85 6 408 306 362 413 378 434
7 100 68 85 99 89 104 7 375 255 318 371 333 390
8 123 79 t04 121 106 127 8 352 226 298 3,47 304 364 o
9 150 95 127 146 125 !52 9 339. _2...1_5287 330 283 344

10 18.2° i15 156 173 145 180 10 334 211 286 317 266 330
11 218 142 187 203 t68 210 tl 330 215 283 308 255 3t8
12 257 177 223 236 192 243 12 327 225 2..8£ 301 245 310
13 299 222 2-6-6 271 218 277 13 324 241 288 294 236 300
14 345 281 313 308 245 314 t4 323 263 293 288 229 294
15 395 356 365 348 274 352 1,5 322 290 297 284 223 287
t6 448 454 421 390 305 393 16 321 3.25 302 279 218 282
17 484 437 t 7 307 277
18 551 482 18 312 273
19 528 19 268
20 577 20 .,2§4
21 6[_-8- 21 261
22 681 22 258



. 7 2_I%ble2ao---C'r'ou3nw_:_.i_v%t_ (p_r tree), i,_mluding z4nrn&.*r"cfs_ntaMezip to a d-incA 4op,/br' s(_.Zecred/sczrau.oods
f • :r,w_sgn._saSoueth,e dott,_d [in_s _sr_total tr_e m_'i2its inchMing the trc¢ 5o1_;wei2£_saSouethx_.d_ssls_:d[i_,_._s

(In pound.s per tree)

O,,b,h,, Yellow- Red White Ame;icar_ Red B_ack
(i_ches) ,_o#lar oaks oaks Aslsen beech ma#_e cherry Hickory

I 2 2 2 1 3 2 3 2
2 9 12 I 0 8 17 1! 14 12
3 25 34 30 25 44 30 37 34
4 52 71 63 29 29 63 75 73
s ici ........... if ...........44 s,_ as :_i_........... 3i_........... 5b
6 26 66 47 50 11s 64 49 54
7 2s s; 5s 65 _s! s2 62 69
8 25 107 75 84 199 10i }'6 95
9 33 138 98 107 258 122 93 I31

!0 45 177 i 28 135 326 145 112 178
t! 62 222 I65 t67 408 170 133 236 _
t2 85 274 208 205 502 197 t56 304 :_
13 t t2 334 258 248 608 225 181 383
14 144 40I :315 295 728 256 209 473
15 i82 474 378 .349 862 288 238 574

t7 27I 643 525 475 t,177
18 323 738 608 546 1,356
t9 38I 841 698 625
20 443 950 794 711
21 510 1,066 897
22 582 I, I 90 1,007
23 I, 320 1,123
24 1,458 t, 246
25 i, 603 1,375

"Foliageweightnotincluded.

9
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_[%_ble2b.--Crown weight 1 (per square �hot of basa[ area), including unmerchantab[e tips to a 4.oinc£ £%/br
selected hardwoods (weights above the dotted lines are total tree weights including the tree bo[{_;_.veig£ts'
above the _fashed lines are _,t_ithinthe liTnits of sampled data.)

D.b.t_, Yellow- Red White American Red Bla_k
(inches) poplar oaks oaks Aspen beech maple @e_y H_,,,_,_,

t 367 367 367 183 550 367 550 367
2 409 545 455 363 773 500 636 545
3 5t0 694 6t2 510 898 612 755 ,-a'_
4 598 8t 6 724 333 333 724 862 8°',_o9
5 243 4i9 324 279 610 360 287 368
6 133 337 240 255 577 327 250 z_

'_'2 2_.87 86 31t 217 243 566 307 zo........
8 72 307 215 241 570 289 218 2172
9 75 312 222 242 584 276 2I 0 296

t0 83 325 235 248 598 266 206 327
11 94 336 250 253 618 258 201 ,_'_:__:i°o "
12 108 349 265 261 639 251 199 387

4 _,:>13 t21 362 280 269 659 244 I96 "'_
14 t35 375 295 276 681 239 196 442
15 148 386 308 284 702 235 !94 46'5
16 160 398 321 294 725 231 !93 49t
17 172 408 333 301 747
18 183 418 344 309 767
19 193 42"7 354 317
20 203 435 364 326
21 212 443 373
22 220 451 381
23 458 389
24 464 397
25 47O 403

_Foliageweightnotincluded.



_ _ n _ Table 4a.--Crown weight @er tree,), including un-5a.--Crow weight @er tree), including un-
__,e.rch_m.tabfetip to a 4-inch top, for easter_ hem° merchantable tip to a 4-inch top, for .red spruce
Joc.._ (ugeights above the dotted [ine are total tree (weights above the dotted line are total tree weights)

_ (In pounds per tree)

(In pounds per tree) O.b,I_. Totalheight(feet}

O.b.h. Totalheight(feet) (i_ch_s) 5 !0 20 30 40 50 60 70
ii__h_s) 5 i0 ZO 30 40 50 50 <6 1 5 2t 54

< _ I 3 23 72 6 28 18
6 ....................22 15 7 41 29 15
7 33 23 8 58 42 24
8 46 33 9 58 36
9 62 47 t0 78 51 21

i0 63 43 11 101 69 32
tt 81 56 12 128 89 47
I2 102 73 13 t14 64
13 126 93 14 142 85
t4 t53 t15 !5 172 108
15 183 t40

Table 4b.--Crown weight (per square fbot of basal

3b.--..Ct'own weight (per square foot of basa! area), incl_ding unmerchantable tips to a 4-inch,
area), in<:[uding _znFnerchantable tips to a 4-inch top, for red Spruce (weights above the dotted line
t_p,for e_stern he_toek (weights above the dot- are total tree weights)

line are total tree weights) (In pounds per square fbot)

(In pounds per square foot) D.b.h. (Inpoundspersquarefoot)

b.h. Totalheight(feet) (inches} 5 10 20 30 40 50 68 70
!i_ches) 5 10 20 30 40 50 60 <6 183 227 429 621

<::6 183 136 469 529 6 142 92.................... 7 153 109 56
6 t12 77 8 166 120 69
7 124 86 9 131 8t
8 132 95 10 143 94 39
9 140 t06 11 153 104 48

10 116 79 t2 163 t13 60
11 t23 85 13 124 69
12 130 93 14 133 80
13 137 101 t5 140 88
t4 143 t08
15 149 114

III I IF



Table 5ao-.-Cro_zn weight @er tree)_ including un- _i2ab]e6b.---Crown weight (per square fbot of basal
merchantaMe tip to a 4-inch top/br easter_ _,_4_ite arec_)_including _n_erehan, table tips to a 4-incl,;
pi._e (weights above tFK_.dotted line are total tree top/'or z_ortbero_ _biteoee,da.r (weights abov_ th_'
weights) dotted [ine are total tree weights)

(_n pounds per tree) (In pounds per square foot}

D,}_h, %ta heigh_(feet) D.b.h.......................... __oi_!__}_2iS_,!_!fi_!k.........................................
(iaches) 5 10 20 30 40 50 60 70 ag {in@es} 5 10 20 30 40 50

<6 i 2 11 32 <6 t83 182 299
6 29 20 6 t07 127
7 42 32 19 7 60 116
8 45 30 8 i09
9 62 43 22 9 I02

10 82 59 33 10 95 101
1t 78 47 14 11 91 97 .
12 100 64 25 12 87 93
13 84 38 ..............................................................................................
14 106 54 1
15 132 73 TaMe 7a.---Crown weight :i (per tree)_ incZt._din_ un- "

...................................................................................................................................merchantable tip for paper birch (weights above
the dotted line ar__.total tree weights)

Table 5b.-.....Crown weight (per square foot of basal (..Inpounds per tree)
area_), including unrnerchantabfe tips to a d-inch O.b.h. Tota]height(feet)
top/br eastern w.hite pine (weights abovethe dot.- (ia_hes) 5 t0 20 30 40 50 50 7@
ted lines are tota[ tree weights)

(In pounds per square fbot) <6 0,5.... 1..... 5 . 22
6 3t 22

&bob. Tata_height(feet) 7 49 36
{inches} 5 t0 28 38 40 58 6g 78 80 8 68 55 34

9 91 72 49 25
<6 I£s,,S£ soq,s53 lo 6,9s
s 148102 11 92 ss
7 157 t20 71 12 t20 77
8 129 86
9 140 97 50 _Foiiageweightnotirlciuded.Crownweightsfromtheoriginalsources

10 150 t08 61 (YoungetaL t964,YoungandCarpenter1967)Jrlciudedfoliage.To
t 1 ! 18 71 2t estimateweightslistedhere,foliageweights(o_orwandPong1957)
t2 I27 82 32 frorn['able8aweresubtractedfromtheoriginalcrownweights.
13 91 41
14 99 51 Table 7b_.........Crown weight _(per sq_tare/hot of basal
15 108 59 area), including unrnerchantable tips to a d-inch

top fbr paper birch (weights above the dotted line
are total tree weights)

Table 6a.-.....Crown weight (per tree), including un- (_n pou:nds per squ.are %ot:)

merchantable tip to a 4-inch, top for _ortbern D._.h. T_talheight(feet}
whiteocedar (weights above the dotted [ine are {]aches) 5 10 20 38 40 50 80 70 _J
total tree weights) ........................................................................................... ,,

(In pounds per tree) <6 92 183.. 227'" 253
6 158 112

#.b.h, Totalheight(feet) 7 184 135
{i_ches) 5 t8 28 3g 40 50 8 195 158 97

9 206 163 111 57

6 2t 25 tl 139 83
7 16 31 t2 152 98
8 38
9 45 _Foliageweightnotincluded.

t0 52 55
11 60 64
12 68 73
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'i[_bi_e8___...---[_b[io,g_ wei_,,_#(.o_rtrc.e)fSr se[eczedfz.cz.rdwoo_Is(w_i_]_s _bouet&e d[czs_zzedlines are within t_e
limits _V'*sa_,,z.IJ&dd_ta)

(In pounds per tree)

Oob._, Yel]owo Fled White American
(i_¢hes) f_op_ar oak oak Aspen beech _laple Che_ry Hickory Birch

I 0,2 0.5 0.4 0.1 0,3 0.I 0,3 0.t 0.2
2 .6 I I .5 1 .5 1 .5 t
3 t 2 3 t 3 t 2 t 2
4 2 4 4 2 5 2 4 3 4
5 3 5 7 4 8 4 7 5 5 t_
6 5 7 9 5 12 6 10 7 8
7 6 9 12 7 17 9 I3 10 I0
8 8 10 t5 10 22 i3 17 i4 13
9 9 12 19 t2 28 18 2t 19 17

t0 tt 15 22 16 35 23 26 24 21
II 13 17 27 t9 42 29 32 30 25
12 I5 19 31 23 50 37 38 37 29
13 18 22 36 27 59 45 44 44 34

39
I4 20 24 41 32 69 54 51 53
t5 23 27 40 37 80 65 59 62 45
t 6 26 30 5t 42 91 76 66 73
17 29 32 57 48 t03 84
18 32 35 63 54 116 96
19 35 38 70 60 109
20 38 4t 76 67 123
21 42 44 138
22 45 48 154
23 49 51 171
24 53 54
25 57 58
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11%_ble8b.,---1}_UTc_{7_u,_<¢(dht(pel"squc_7"e�hot of"5cssr,,Ucma_i/br seZ_3cted/_._r'd_uoods(_._*ez&ft_ts_5ou{:_tke j{_s}2_::'g
[in.,_.sc,_re_,.u_t}_i_the 7mzitso/'sazW_Te_Jdc_t_)

¢In pounc.tsper squar'e {hot of basal area)

O.b.h. Yellow- Red White American
{inches) popta_ oak oak Aspen beech _aapte Cherry Hickory giEh

1 37 91 73 18 55 18 55 18 37
2 27 45 45 23 45 23 45 23 45
3 20 41 6t 20 6t 20 4t 20 4I
4 23 46 46 23 57 23 46 34 46
5 22 37 5t 29 59 29 51 37 37
6 26 36 46 26 6t 31 _o t 36 41
7 :22 34 45 26 64 34 49 37 37
8 23 29 43 29 63 37 49 40 37
9 20 27 43 27 63 41 48 43 38

I0 20 28 40 29 64 42 48 44 39
11 20 26 4t 29 64 44 48 4.5 38
t 2 19 24 39 29 64 47 48 47 37
13 20 24 39 29 64 49 48 48 37
14 19 22 38 30 65 51 4 8 50 37
15 19 22 37 30 65 53 48 51 37
I6 19 2t 37 30 65 54 47 52
t 7 18 20 36 30 65 53
18 18 20 36 31 66 54
!9 18 t9 36 3t 55
20 17 19 35 3t 56
2t t7 18 57
22 17 18 58
23 !7 18 59
24 17 I7
25 17 17



_i_O_ble9o---Specific _rauities and densities of seZ_cted North CentrcE and Northeaster_ tree speczit!_s

Specific
Species Scientificname g_vity_ I_ensi_

CONtFERS _Lbs/ft3
No_thernwhite-cedar ThujaoccidentalisL, 0,,31 t 9_3
Baisamfir Abiesbatsamea(L.)Mill, _36 22,5
Easternhemlock Tsugacanadensis(L_)Cart, .40 25_0
,Jackpine Pinusbanks/anaLamb, _43 26,8
Pitchpine PinusrigidaMill. ,52 32,6
Redpine PinusresinosaAit, ,46 28,7
Virginiapine P/nusv/rg/nianaMill, _48 30.0
Easternwhitepine Plf?usstmbusL, ,35 2i .8
Blackspruce Piceamariana(Miti.)B,S.P. .40 25.0
Redsp,ruce PicearubensSarg, ,41 25.6
Whitespruce Piceaglauca(Moench)Voss °40 25.0
Tama_ack Larixlarfcina(DuRoi)K, Koch ,53 33,!

HARDWOODS
QuakinOaspen Popu/ustremu/oidesMid]×. ,38 23,7
Amedcanbeech FagusgrandifoliaEhrh, .64 39.9
Paperbirch BetulapapyffferaMa_sh. ,55 34,3
Yellowbirch 8etulaalleghaniensisBritton .62 38.7
Blackcherry Prunussemt/naEhrh. .50 3!_2
Hickory Caryaspp,Nutt. ,72 44_9
Redmaple AcermbrumL. .54 33.7
Sugarmaple AcersaccharumMarsh. ,63 39,3
Northernredoak OuemusrubfaL, ,63 39,3
Whiteoak Ouemusa/baL. .68 42,4
Yeliow,-poplar LiriodendrontulipiferaL. ,42 26,.2

_Weightwhenovendryandvolumeat 12percentmoisturecontent,TableA-4-2, U,S, ForestProductsLaboratory,WoodHandbook,USDA
Handbook72(Rev.1974),p.4-,41to4-55.U.S,GovernmentPrintingOffice,Wasi]ington,D,C,

2Theaveragedensityfor coniferousforesttypesin theNortheastis26,2 pounds/cubicfootand38.1 pounds/cubicfoot for hardwoodtypes,]b
obtainwooddensitiesinpoundspepcubicfoot, multiplythespecificgravityby62.4.
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Table t0.-,-Bas¢_/area :_taS[e 2
(In square l:eet)

...................................................................................................................................................i.....................................................................................................................................................................................................[)iamete_"

2 0.02 0.04 0.07 0,09 0,!t 0.13 0.15 0.I7 0.20 0.22
3 .05 ,10 .15 .20 ,,25 .29 .34 .39 .44 .49
4 ,09 .17 .26 .35 .44 .52 .61 ,70 .79 .87
5 .14 .27 .4I .55 _68 .82 .95 i ,09 1.23 1,36
6 .20 .39 .59 ,79 .98 1.18 1.37 1.57 1.77 t,96
7 .27 .53 .80 1.07 '1.34 t .60 1_87 2_14 2.41 2,67
8 .35 ,70 1.05 1.40 1.75 2.09 2.44 2_79 3.i 4 3.49
9 .44 ,88 1.33 1.77 2.2"1 2.65 3.09 3_53 3.98 4.42

10 .55 t .09 1.64 2.18 2.73 3.27 3.82 4.36 4.9I 5.45
1t .67 1.32 1.98 2.64 3_30 3.96 4.62 528 5.94 6,60
I2 .79 1.57 2.36 3.14 3.93 4.71 5.50 6.28 7,07 7.85
13 .92 1.84 2.77 3,69 4.6I 5.53 6.45 7.37 8.30 9.22
14 1.07 2.t4 3.2I 4.28 5.35 6.41 7.48 8.55 9.62 I0.69
t5 1,23 2.45 3.68 4.9i 6.14 7.36 8.59 9.82 !I .04 t2,27
16 1.40 2.79 4.!9 5,59 6.98 8.38 9.77 11.17 12.57 13.96
17 1.58 3,15 4.73 6.31 7.88 9.46 11.03 12,61 14.I9 15.76
18 t.77 3.53 5.30 7.07 8.84 10.60 12.37 14.!4 I5.90 i7,67
19 1,97 3.94 5.91 7.88 9.84 tl .81 13.78 15.75 17.72 19.69
20 2.18 4.36 6.54 8.73 10.9t t3.09 15.37 17,45 19.63 2t .82
21 2.4I 4.8! 722 9.62 12.03 14.43 16.84 19.24 2t .65 24.05
22 2,64 5.28 7.92 I0,56 13.20 15.84 t8.48 21.12 23.76 26,40
23 2.8,9 5.77 8.66 11.54 t4.43 t7.31 20.20 23.08 25.97 28.8,5
24 3.t4 6.28 9.42 !2.57 15.71 t8.85 21.,99 25.13 28.27 31.42
25 3,41 6,82 10.23 13.65 17,04 20.45 23.86 27 27 30.68 34.09
26 3.69 7.37 '11.06 14.75 18.44 22.t2 25.81 29 50 33.t8 36.817
27 3,98 7.95 11.93 15.90 19,88 23.86 27,83 31 81 35.78 39.76
28 4.28 8.55 12.83 17.10 2t.38 25.66 29.93 34 21 38.48 42.76
29 4.59 9.17 13.76 18,35 22.93 27,52 32.1I 36 70 4t .28 45.87
30 4,9t 9.82 14.73 t9,63 24,54 29,45 34.36 29 27 44.18 49.09

_Tofindthebasalarea(B.A.)insquarefeetfromadiameter(D)measurementininches,usetheequation:
wO 2

B,A.-....... 0.00545415DL
4xt44

2Forbes,R.D.t961.Forestryhandbook.SocietyofAmericanFo_esters,t955,TheRorlatdPress,,New',4ork.AdaptedbyE.T.Hawes,U.S.
ForestService,fromH.H.ChapmanandD.B.Demeritt.Elementsofforestmensuration.J. B.LyonCo., t 936.



: :_i,.-....-._:iY<_ctio;nof c',"'o_u_conspon_n,t _ueig}stI (per tree), including urm_crch.antab/a tip to cs4-i:nch, top,/Or

FOUAGE

9_b.h,, Jack Redpine Balsam White White -_*;_
,{i_'_ches) ping Pilch pine fir Spruce Hemlock pine cedar

2 0,19 0.26 0,41 0.33 0.26 0.27 0.32
4 ,13 ,18 .28 .26 .18 .16 .27
6 22 .28 .37 .35 .27 ,25 .37
8 25 .28 .37 .36 .29 .27 .39

10 27 .30 .40 .38 .32 _31 .41
12 26 .26 .35 .34 .30 .27 .37
t4 26 .26 .35 .34 .31 .29 .38
16 23 .20 .29 .30 .26 .25 .34
18 .21 .29 .30 .25 .34
20 .24 .22

8RANCHWOOD8to1/4 inch
.......

2 0,12 0.04 0.16 0.16 0.13 0.14 0.08
4 .09 ,02 .tt .t3 .10 09 .06
6 .17 .03 .15 .19 .t5 14 .09
8 ,20 03 .15 .20 .16 17 ,09

!0 .22 04 .16 .21 .17 18 .10
12 .21 03 .14 .21 .15 19 .09
14 .22 03 .t4 ,21 .16 20 .09
16 .2t 02 .12 .19 .13 .19 .08
18 02 .12 .19 .20 .08
20 .t8 .20

BRANCHWOOD1/4to I inch

2 0.12 0.21 0.14 0.13 0.13 0.13 0.17
4 .t0 .17 .11 ,t2 .10 .10 .15
6 .20 .27 .17 .17 .t6 .16 .22
8 ,26 .32 ,23 .21 .20 .21 .26

10 ,29 .35 .24 .23 .22 .23 .27
12 .30 .34 .29 .25 .24 .26 .27
t4 ,27 .35 .30 ,26 .25 .27 .28
16 .25 .33 .32 .27 .26 .28 .26
18 .33 .33 .27 .29 .26
20 .28 .29

BRANCHWOOD1 to3 inches

2 0.48 0.43 0.25 0.33 0.41 0.40 0.37
4 .13 .17 .11 .10 .13 .13 .11
6 .17 .24 .15 ,14 .20 .19 .16
8 .15 .25 .15 .14 .21 .18 .17

t0 .13 .23 .14 ,13 .19 .16 .16
12 .18 .28 .18 .16 .25 .19 .22
14 .21 .27 .18 .16 .24 ,18 .22
16 .28 .31 .25 .22 .31 .23 .30
18 .31 .24 .21 .22 .30
20 .29 .26

BRANCHWOOD3+ inches

2 0.08 0.06 0,04 0.05 0.07 0.06 0.06
4 .54 .46 .39 .39 .48 .52 .41
6 .24 .18 .16 .15 .22 .26 .16
8 .13 .12 .09 .09 .14 .17 .09

10 .09 .08 .06 .05 .09 .12 .06
12 .05 .09 .04 .04 .06 .09 .04
14 .04 .09 .03 .03 .04 .06 .03
16 .03 .13 .02 .02 .03 .05 .02
18 .13 .02 .02 .04 .02
20 .01 .03

_F_actionsweredevelopedfromtablesandequationsforsimilarwesternspeciesusinginformationfromBrowneta/.(1977)andBrown(1978).
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Table 12.--Fraction o/"cro_,r_ branch_zood _ (per tree), incI_dirz£_
unmerc]_antabIe tip to a 4,-incf_ top, _tJy/he[ size c_asses

(In. inches)

D,b.h. Aspen Oakandotherhardwoods
{inches) 8-V4 V4-1 1-3 3+ [}-_/4 t/4-1 1-3 3 +

t 0.14 0.31 0.55 0,00 0,09 0,05 0.86 0,00
2 ,16 .24 ,60 .00 ,05 11 .84 .00
3 ,16 .31 ,53 O0 .03 13 ,32 ,52
4 .12 28 .22 38 .04 18 .36 .42
5 ,t4 33 ,24 29 05 21 .40 ,34
6 ,14 35 .29 22 05 23 .46 .26
7 .15 36 ,34 t5 05 23 .52 ,20
8 .14 35 ,39 12 05 • 23 .57 .t5
9 .t4 34 .43 08 05 ,22 .58 .15

10 .13 33 .46 08 04 .21 .54 .21
11 .t3 32 .47 ,08 04 .20 .49 .27
12 .12 30 ,50 .08 04 ,19 .46 .31
13 ,12 29 .50 ,09 .04 .18 .42 ,36
t4 .1t 28 .52 ,09 ,03 .17 .40 .40
t5 ,11 27 .52 .t0 .03 ,16 .37 .44
16 ,10 26 .53 ,11 .03 .15 .35 .47
17 .10 .25 .53 .12 .03 .14 .33 .50
18 .09 .24 .54 ,13 .03 .14 .30 .53
19 .09 .23 .55 .t3 .03 .13 .29 .55
20 .09 .22 .55 .t4 ,02 .12 .28 .58
2t .02 .12 ,26 ,60
22 .02 .11 .25 .62
23 .02 .1t .24 .63
24 .02 .10 .23 ,65
25 .02 .10 .22 .66

'FractionsforaspenarefromLoornisandRoussopoutos(t978),whilethoseforoakand
otherhardwoodsarefromLoomisandBlank(1981).

18 ¸
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APPENDIX L

Equations and sources for crown weight prediction tables,.

Spe c:i e,_ Dob_h. Equat io_ I/ 2jr 2 Source Location Top diameter

Inches Inches

CONIFERS

Northern

white-cedar <6 W = 0_0108H2°()7+0o0040H2"37+0o0016_13_O7 0.89 Dyer ]967 Maine tree

>6 W = 0.01887DL-41H 1 -59-0o00243DI-39_{ 2-O6 .91 Dyer 1967 Maine 4o0

Balsam fir <4 W = 1.2].89D 2_53 .96 Baskerville Eastern tree

1965 Canada

>4 W = 2.2728D 1"845 .96 Roussopoulos 3-_' Minnesota 2.5

[978

Eastern

hemlock <6 W = 0.0078H2*I92+O.O048H2"320+O.00536H3-343 .94 Young aad Maine 0o0

Carpenter 1967

>6 W = 0.03711D2-1679HO-4292-0.O498D2-O215H 0"9670 .98 Young et al. Maine 4.0
-- 1964

Jack pine <4 W = 1.2189D 2"53 .99 Hegyi 1972 Eastern tree
Canada

>4 W = 1.5914D 2"0270 .91 Sando and Wick Great Lakes 2.5

1972 Region

Pitch pine <4 W = 2.0243D 2-3373 .99 Whittaker and New York tree
Woodwell 1968

>4 W = 2.0243D2"3373-1.4469D2-3261 .99 Whittaker and New York 0.0

Woodwell 1968

Red pine <4 W = 2.0243D 2°3373 (pitch pine used) ............

>4 W = 8.076(i.284) D .91[ Brown 1963 Michigan 1.5__

White pine <6 W = 0o00495H I °750+0_00333H2"064+.0O185H2-814 .89 Young and Maine tree

Carpenter 1967

>6 W = 0.4464D2-!679H0°42920.0585D2.0215H 0.9670 .98 Young et el. Maine 4.0
1964

Black spruce <4 W = 1,413D 2°48 (white spruce used) .................

>4 W = 2.5986D 1-7052 .90 Roussopoulos3-- / Minnesota 2.5
1978

Red spruce <6 W = O.0397HI'626+O.OI378HI-847+0.00999H2-705 .94 Young and Maine tree

Carpenter 1967

>6 W = 0.4848D2-1679H0-4292-O.O659D2-O215HO.9670 .98 Young et al. Maine 4.0
1964

White spruce <4 W = 1.413D 2"48 .98 Baskerville Eastern tree

1965 Canada

>4 W = 5.5208xCf4_/xD 1.753 .82 Keen 11963 Eastern 3.0

Canada

HARDWOODS

Aspen <4 W = 0.3640DI'8545+I.O246D 2-7859 .85 Ribe 1973 Maine tree

>4 W = 7.0+0.4162D2-5094-O.1235D2-1012 .97 Loomis arld Minnesota 3.0

Roussopoulos

1978

(Appendix I. continued on next page)



st:,_cie_ O.b.n. ::_;qv.a::,:.o,t/ 2It2 So,.,rce _......t__,:..... '_,,p::_.....

_erican beech <4 W = 0.8743DI*5402+2.5854D 2"4868 0.79 Ribe 1973 >_i<ine t:r_:

>4 W = O.837D 2-552 .987 SLorey and Nort_ 0,.)

..... Pong 1957 Carol i.ua

Paper birch <6 W = OoO0219H2"II6+0.00188H 2°276+0,00178H2"739 .97 Young and Ha:Ln<_ t_:<_
Carpenter ].967

>6 W = 0.5705D 2 "1679H0"4292-0.0721D 2 "0215E0.9670 .97 Young e_t a.j:.. Hain_e 4 ,..)
-o 1964

BLack cher_y <5 W = 2.588/D 2"42530 .994 Wiant et al. West tr<,,,_

1977 V :irg L n _..a

>5 W = 2().4893L+L.07958D2-1.67602D .8t1 Wiant et al. West 4.0

-- 1977 Virgi.nLa

11ickor'y <5 W = 1.93378[) 2,62090 .987 Wiant _el a_L,. West tre<
1977 Virginia

>5 W = 191_ 16897+5.36555D2-54.98699D .842 Wiant et al. _est 4°0

...... 1977 V i r g L.q :_,.a

Red **mp[e <5 W : I.SL301D 2"56226 .981 Wiant et al. WesL tv_,
19 7 7 V :i r g i _:_1a

>5 W = O.93846D2+5.I8726D-0.55683 .793 Wiant et al. West 4.,)
....... 1977 Virgin_.a

Red oaks <5 W _ 2.09014D 2"54052 .989 Wiant et al. West tr,e<

1.977 V i r g i n :_a

>5 W = 114.40758+3.55460D2-29.31907D .891 Wiant et al,. West. 400

1_977 Virg:in_a

White oaks <5 W = 1.68565D 2"60982 _985 Wiant et al. West t_e_:

I977 Virgin_ a

>5 W = 124.89440+3.31160D2-32.77917D .910 Wiant et al. West 4_,0

1977 Virgin<a

YeL[ow-popl.ar <5 W = 1.57792D 2"51532 .995 Wiant et .alL. West trec
19 77 V i r i g n 1.a

>5 W = 146.297L_2+2.49589D2-35.08911D .732 Wiant et al. West 4.0

1977 Vi rg:/n_a

I/W = weight in ibs/tree; D = d.b.h. :in inches; H = tree height in feet.

2/r2 = coefficient of determination.

.3_/Unpublished secondary analysis of data from Sando and Wick (1972).

4JAssume fresh debris (including foliage, wood, and bark) had a moisture content of 85 percent. Original data we:re

reported as fresh weights. Dry weight was computed using Cf = I = 0.541.

85

i+T6-_3.....
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APPENDIX II.

Equations and sourees for hardwood foliage weight tables,

Species and equatioaJJ 2_/r2 Source

Aspen

W = @_t235D 2°1012 0°98 Loomis and Roussopoulos 1978

Aznerican beech

W = 0o311D 2"048 °96 Storey and Pong 1957

Birch

W = 0o243D I°928 ,93 Storey and Pong 1957

Cherry (Prunus pensylvanica)

W = 0_2759D I'9784 .87 Ribe 1973

Hickory

W = 0_I01D 2°372 °97 Storey and Pong 1957

Maple

W = 0o066D 2"544 .87 Storey told Pong 1957

Red, oak (Quercus rubra)

W = 0o4590D I°5018 ,96 Loomis and Blank 1981

White oak (Quercus alba)

W = 0,3802D 1°77 3__/ Ralston and Prince 1965

Yellow-poplar

W = 0o188D I°775 °92 Storey and Pong 1957

I__/W= weight in pounds; D = dob.h_ in inches.

2_/r2 = coefficient of determination_ li
il

3_/Information not available_ I
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APPENDIX ItIo

Crown weidht _ based on equ.ations listed in Appendix I and used to construct tables to include unrner_
charitable bole tips to a 4-inch top (weights above the dashed lines are within the limits of sampled data)

(In pounds per tree)

Species and unmemhantaNe tip diameter (in inches)

Jack Red Pitch Balsam Black White Ame_qcan
O.b,h. pine2 pine_ pine' fiV spruce_ spruce_ Aspen_ beech6

(inches) 2V2 tVz O 2V2 2V_ 3 3 0

4 26 22 15 29 28 34 18 29
5 42 28 26 44 40 50 27 5I
6 60 36 40 62 55 69 39 8t
7 82 46 57 82 72 90 55 t 20
8 108 60 79 105 90 t 14 74 t 69
9 136 77 104 131 110 141 98 228

10 169 98 134 t59 132 169 126 298
11 205 t 26 t 67 190 155 200 t 59 38i
12 245 162 205 223 180 233 197 475
13 288 208 248 258 206 268 240 583
14 335 267 296 296 234 305 288 704
15 385 343 348 336 263 344 ..34£ °.840 "
16 439 441 405 379 294 385 403 990
17 468 429 469 i,I 56
18 536 474 541 1,,,,_,,':_'r7
t9 521 620
2O 570 706
21 621
22 674

'Crownweightfor conifersincludesfoliage;crownweightfor hardwoodsdoesnotincludefoliage.
jackpine,balsamfir, andblacksprL_ce,Lagrangeinterpolationequationsandweightsof 3-, 4-, and6-inchtipsfor Iodgepolepine,grand
Englemannspruce(Browneta/. 1977)wereusedto calculatethe weightof a24nchtip for eachd.b.h, class.Theweightsof tipswere

subtractedfromthe&inchtipsto getweightsofthe2-inchto4-inchtips.Then,weightsofthe2- to4-inchbolesectionswereconvertedto volumes
dividingbythe densitiesof Iodgepotepine,grandfir, andEnglemansprucerespectively;thenthevolumeswereconvertedbackto weightsof
pine,balsamfir,andblacksprucebymultiplyingthesevolumesbydensitiesofjackpine,balsamfir,andblacksprucerespectively.

redpine,calculationsweremadesimilarto theabove,usingponderosapineinformationandaLagrangeinterpolationequationfora 1°inch

4Equationfor branchesonlyanddoesnotincludethetreebole.Weightsbyd.b.h, ofunmerchantabbboletipsto a4-inchtopfor ponderosapine
eta/. 1977)wereused,thenconvertedtovolumesbydividingbythedensityofponderosapine;thenthevolumeswereconvertedbackto
of pitchpinebymultiplyingbythedensityof pitchpine.

5Equationbasedona3-inchtop. Thedifferencebetweena3-inchtopanda4-inchtopofEnglemannspruce(Browneta/. 1977)wasusedto get
weightof the3- to4-inchbolesection.Then,usingthemethoddescribedabovefor pitchpine,weightsof the3- to4-inchbolesectionswere

convertedtovolumesandbackto weights.
aspenandAmericanbeech,informationontip weightsof northernredoakwasusedto calculateweightsof tipsfor eachd.b.h, class.

.......... , :,,, , z= , ..... .....



APPENDIX IVo APPENDIX V.
Conversion Factors Similar Species

All units are presented in U.S. standard mea- The tables presented can be used for species with
surements regardless of the units given in the source similar crown characteristics:
reference. The units can be converted to metric (SI)

measurements using the following conversion fac-- For: Use:
Virginiapine Jackpine

tots: Tamarack Westernlarch(Browneta/. 1977)
Sugarmaple Redmaple

Toconvert: to: Nultiplyby: Yellowbirch Paperbirch
inches centimeters 2.540 Balsampoplar Quakingaspen
feet meters 0.3048
chains meters 20,12
acres hectares O.4047
cubic feet cubic meters O.02832
pounds grams 453.59
pounds kilograms O.45359
tons peracre kilograms per 0.2243

square meter

U.S. Standard Measurement Conversions:

To convert tons per acre to cords or cunits per acre,
take the pounds per acre of usable wood and divide
by the density of the species, or use an average den-
sity of 3&l pounds per cubic foot for northeastern
hardwood forest types or 26.2 pounds per acre for i_
coniferous forest types. Divide this amount by 90
cubic feet per cord to get cords per acre, or by 100
cubic feet to get cunits per acre.

Example: There are 10 tons per acre of hardwood
material 3 inches and larger that can be used as an
energy source.

10 tons/acre = 20,000 pounds.

20,000 pounds + 38.1 pounds/fbot :_+ 90 feet 3 =
5.8 cords/acre.

20,000 pounds + 38.1 pounds/foot 3 + 100 feet 3 =
5.2 cunits/acre.

'(:' U.S. Government Printing Office: 1982- ,685_..442/154 Region No'. 6
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