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FOREST BIOMASS AND EMPIRICAL YIELD FOR
KANSAS, 1981

W. Brad Smith, Mensurationist,
and Ronald L. Hackett, Associate Mensurationist

FORF_T BIOMASS Treecomponent Kansasbiomass
(Million (Per-

In 1981, Kansas' 1.9.million acres of commercial greentons) cent)
forest land supported 53.3 million green tons of tree 1. 1-to 5-inchd.b.h,trees 7.7 14
biomass or 2.4 billion cubic feet. In addition to tree 2. Growing-stock boles--from a
biomass, 6.7 million tons green weight of shrub bio- 1-footstumpto a variable4-

mass were estimated for the State. inch top diameter outside the
bark. 22.9 43

Tree Biomass 3. Growing-stocktops and
limbs--the volumeabovethe

Method variable4-inchtop,excluding
thefoliage. 11.2 21

• Tree biomass was estimated by the following 4. Cull boles--froma 1-foot
method. First, net cubic foot volumes were converted stump to a variable 4-inch top
to green tons using weight conversion factors for each diameteroutsidethe bark. 7.0 13
Species (Markwardt 1930). The weight of the bole 5. Cull tops and limbs--the
bark was then computed Using bark correction fac- volume above the variable 4-
tors for individual species, the gross volume of the inch top, excluding the foliage. 4.5 9
bole, and an average bark weight of 37 pounds per Allcomponents 53.3 100
Cubic foot. Tops and limbs for growing-stock and cull
trees were estimated as 45 percent of the gross bole Forty-three percent of Kansas's tree biomass is in
volume (Young et al. 1976). Finally, the biomass for growing-stock boles. Growing-stock tops and limbs
trees less than 5 inches diameter breast height d.b.h, have the second most biomass with 21 percent (table

- was computed from a regression equation fit to 1).
Young's tree weight table (Young et al. 1976). This Hardwood tree species compose more than 99 per-
regression equation uses d.b.h, to estimate total above- cent of the State's tree biomass. Select white oak is the

•groundbiomass asS0 percent of the above- and below- most abundant tree species, accounting for 7.3 million
ground biomass, green tons (14 percent) or 478 thousand cubic feet of

•Findings the tree biomass (table 3). The second most abundant
tree species is cottonwood with 6.8 million green tons

Tree bi0mass is composed of five components. Each (13 percent) or 294 thousand cubic feet. The tabulation
component includes bark. Shown in the following on the following page, ranks the major hardwood
tabulation are the five components and amount of groups.
biomass:for each in Kansas.



i Treespecies_ Treebiomass (tall shrubs and trees) or percent ground cover (low
I (Million shrubs) as a variable.
! green tons)
I Selectwhite oak 7.3 Findings
I Cottonwood 6.8 Willow forest type has the highestshrub biomass,

Hackberry 5.9 totaling 2,786poundsper acre greenweight (table 4).

Other hardwoods 5.5 The following tabulation shows the significantI Elm 4.2
amounts of shrub biomassby forest type.

I Ash 4.1
I Blackwalnut 3.8 Foresttype Tallandlow
I ,Selectred oak _ 2.9 shrubbiomass
i , Noncommercialspecies2 2.6 (Green

Otherred.oak , 2.0 pounds/acre)
Selecthickory 1.9 Willow 2,786
Otherwhite oak 1.6 Easternredcedar-hardwood 2,767
Softmaple 1.1 Uplandelm-ash-locust 1,065
Sycamore 1.0 Oak-hickory 986
Otherhickory 0.9 Lowlandplainshardwoods 905
Willow 0.8 Elm-ash-cottonwood 742

Basswood 0.4 Roughleaf dogwood, a tall shrub, yielded the big-
Eastern redcedar 0.3 host weight of above-ground biomass per acre,
Hard maple 0.___22 especially in the willow forest type. In the low shrubs,
Total 53.3 buckbrush was the most abundant, occurring chiefly

in the post-blackjack oak forest type.

: Shrub Biomass Shown in the following tabulation are the most
significant tall and low shrub species by forest type

•Shrub biomass on Kansas' commercial forest land and their biomass:
was also estimated in conjunction with the forest
inventory. Shrub

Tall shrubspecies Foresttype biomas$
Shrub specieswere placed into two categories to (Green

facilitate sampling--tall and low shrubs. Tall shrubs
and trees less than I inch d.b.h, were tallied by stem pounds/acre)
diameter classes. This layer of vegetation is important Roughleafdogwood Willow 1,778
for winter feed (browse) for wildlife, soil protection, Roughleafdogwood Easternredcedar-
and bird habitat. The low shrubs (ground cover hardwood 1,411
species) were sampled by visually estimating the Beakedhazel Eastern redcedar-
percent cover. Biomass estimates in weight per acre hardwood 931
are shown in table 4. Willow Willow 694

• Method Lowshrubspecies
Buckbrush Post-blackjackoak 186

Stem diameters were measured 6 inches above Buckbrush Upland plains
, ground level for all tall shrubs and for tree species less hardwoods 166

than 1 inch d.b.h. For low shrubs, a visual estimate of Buckbrush Uplandelm-ash-
percent ground cover was made by species, locust 155

Biomass prediction equations (Teller 1969, Grigal Buckbrush Lowlandplains
and Ohmann 1977, Ohmann et el. 1976, Brown 1976, hardwoods 150
Roussopoul0s and Loomis i979, Ohmann et el. 1981)
were applied to shrubs and small tree species. From Total Above_und Biomass
these equations, total plant biomass (green weight)
was calculated by species, using either stem diameter The cottonwood forest type has the highest amount

of above-ground biomass with more than 150,000
green pounds per acre. The lowland plains hardwoods

1See Principal Tree and Shrub Species Groups in type is second with more than 96,000 green pounds
. Kansas inAppendix A. per acre. The nonstocked category has the least

2Seedefinition in Appendix A. amount with approximately 31,500 green pounds per



acre. The tabulation below gives the tree and shrub volume, or the total above-ground biomass was tabu-
biomass estimates by forest type. lated by species group. The merchantable volume

Tall Low standards used are minimum 5-inch d.b.h, to a 4-inch
Foresttype shrubs shrubs Trees top diameter outside bark (top d.o.b.)with a 1 foot

(Greenpounds/ stump. Individual tree volumes were computed usinga formula developed by (Gevorkiantz and Olsen (1955)
acre) and described by Smith and Weist 1982. A full

Eastern.redcedar-
hardwood 2,707 60 41,663 explanation of the survey procedures and definitions

Oak-hickory 834 152 94,917 can be obtained from Raile and Spencer 1982.
Post-blackjack oak 200 194 92,696 Overall, the tables presented in Appendix C give
Uplandplains the resource manager an overview of the timber

hardwoods 493 177 84,509 volume in Kansas on a per acre basis by forest type.

Elm-ash- The volumes shown in these tables were obtained
cottonwood 582 160 87,719 from plots located in stands with varying histories,

Cottonwood 474 126 153,088 from undisturbed stands to ones that had been cut
WHIow , 2,649 137 59,614 repeatedly. Thus, standard errors of mean volume are
Lowlandplains, given in the tables to indicate their variation.

hardwoods 722 183 96,695 Sampling error in percent can be determined by
Uplandelm:ash- dividing the standard error by the mean volume of all

locust 892 173 46,346 species; for example, the sampling error for total
Nonstocked 189 69 31,226 volume in the oak-hickory type in the 41-50 year age

class (table 6) is 9.0 percent ((61/679) xl00).
EMPIRICAL YIELD TABLF FOR

KANSAS LITERATUREclrD

•Empirical yield tables are useful to managers of Brown, James K. Estimating shrub biomass from
timber, wildlife, and other forest resources who are basal stem diameters. Can. J. For. Res. 6(2): 153-
•interested in estimates of current commercial forest 158; 1976.
species composition and volume or in rough, short- Gevorkiantz, Suren R.; Olsen L. P. Composite Volume
term projections of future conditions, tables for timber and their application in the I._e

States. Tech. Bull. 1104. St. Paul, MN: U.S. Depart-• Presented here are yield tables (Appendix C) corn-
pried from data gathered on 636 commercial forest ment of Agriculture, Forest Service, Lake States
land plots established during the 1981 forest inven- Forest Experiment Station; 1955. 51 p.

•tory Of Kansas. Tables were compiled by forest type Grigal, David F.; Ohmann, Lewis F. Biomass estima-
and stand-age class. Only tables having sufficient tion for some shrubs from northeastern Minnesota.
data, usually 3 or 4 plots, in each of two adjacent age Res. Note NC-266. St. Paul, MN: U.S. Department
classes, are presented; we feel that information based of Agriculture, Forest Service, North Central
on smaller samples would not be useful. Forest Experiment Station; 1977. 3 p.

Markwardt, L. J. Comparative strength properties of
• The tables give the estimated merchantable cubic woods grown in the United States. Tech. Bull. 158.

foot and board foot volume yield per acre from Washington, DC: U.S. Department of Agriculture;
growing stock (including short-log trees) and saw- 1930. 38 p.
timber .(including short-log trees) respectively and the Ohmann, Lewis F.; Grigal, David F.; Brander, Robert
average basal area per acre of all live trees by stand- L. Biomass estimation for fire shrubs from north-
age class for most of the forest types defined in eastern Minnesota. Res. Pap. NC-133. St. Paul,.

Appendix A: These tables provide a detailed picture MN: U.S. Department of Agriculture, Forest
of stand composition as measured by growing-stock Service, North Central Forest Experiment Station;
and short-10g volume. Other tables show total green 1976. 11 p.
weight per acre of biomass for all live trees. Ohmann, Lewis F.; Grigal, David F.; Rogers, Lynn L.

I The tables were constructed by classifying the Estimating plant biomass for undergrowth species
commercial forest land plots measured in the 1981 of northeastern Minnesota. Gen. Tech. Rep. NC-61.
inventory by forest type and stand-age class. Then the St. Paul, MN: U.S. Department of Agriculture,
per-acre merchantable cubic foot volume, board foot Forest Service, North Central Forest Experiment

Station; 1981. 10 p.
o



Raile, Gerhard K.; Spencer, John S. Kansas forest Smith, W. Brad; Weist, Carol A. A net volume equa-
statistics, 1981. Resour. Bull. NC-70. St. Paul, MN: tion for Indiana. Resour. Bull. NC-63. St. Paul,
U.S. Department of Agriculture, Forest Service, MN: U.S. Department of Agriculture, Forest
North Central Forest Experiment Station; 1984. Service, North Central Forest Experiment Station;

•124 p. 1982. 12 p.
Roussopoulos, Peter J.; Loomis, Robert M. Weights Teller, E. S. Weight-diameter relationships for 22

and dimensional properties of shrubs and small woody plant species. Can. J. Bot. 47: 1851-1855;
trees of the Great Lakes conifer forest. Res. Pap. 1969.

•NC-178. St. Paul, MN: U.S. Department of Agricul- Young, Harold E.; Hoar, Leigh E.; Tryon, Theodore
ture, Forest Service, North Central Forest Exper- C. A forest biomass inventory of some public land
iment station; 1979. 6 p. in Maine. In: Oslo biomass studies. Orono, ME:•

University of Maine, Life Science and Agricultural
Experiment Station; 1976: 283-302.

APPENDIX A

DEFINITIONS OF TERMS
Basal area.--The area in square feet of the cross Forest trees.--Woody plants having a well-developed

section at breast height of a single tree. When the stem and usually more than 12 feet in height at
basal area of all trees in a stand are summed, the maturity.
result is usually expressed as square feet of basal Forest type.--A classification of forest land based
area per acre. upon the species forming a plurality of live tree

Commercial forest land.--Forest land producing or stocking. Major forest types in Kansas are:
• capable of producing crops of industrial wood and Eastern redcedar-hardwood.--Forests in which

not withdrawn from timber utilization. (Note: hardwoods comprise a plurality of the stocking but
Areas qualifying as commercial forest land have in which eastern redcedar comprises 25 percent or
the capability of producing in excess of 20 cubic more of the stocking. Found on dry uplands,
feet per acre per year of annual growth under usually abandoned pastures or fields.
management. Currently inaccessible and inoper- Oak-hickory.--Forests in which upland oaks
able areas are included, except when the areas (white, northern red, black) or hickory, singly or in
involved are small and unlikely to become suitable combination, comprise a plurality of the stocking,
for production of industrial wood in the foreseeable except for stands classed as eastern redcedar-
future.) Also see definition of pastured commercial hardwood or as post-blackjack oak. Occurs on a
forest land. variety of soils.

commercial species.--Tree species presently or pros- Post-blackjack oak.--Forests in which post oak or
Pectively suitable for industrial wood products, blackjack oak, singly or in combination, comprise a
(Note: Excludes species of typically small size, poor majority of the stocking. Occurs on dry uplands
form, or inferior quality such as hophornbeam and and ridges.
hawthorn.) Upland plains hardwoods.--Forests in which

Cull.--Portions of a tree that are unusable for indus- black walnut, hackberry, and bur oak, singly or in
trial wood products, because of rot, form, or other combination, comprise a plurality of the stocking.

defect. Commonly found on slopes and uplands.
Foresl; shrub.--A woody, perennial plant differing Elm-ash-cottonwood.--Lowland forest in which

from a perennial herb in its persistent and woody elm, ash, cottonwood, and willow, singly or in
stem(s), and less definitely from a tree in its lower combination, comprise a plurality of the stocking,
stature and/or the general absence of a well-defined except for those in which cottonwood or willow
main stem. For this report shrubs were separated comprise a majority of the stocking. Found on first
somewhat arbitrarily into tall and low shrubs as or second bottoms of major streams.
follows: Cottonwood.--Forests in which cottonwood corn-

Tall shrubs.--Shrubs normally taller than 1.6 to prises a majority of the stocking.
3.2 feet (0.5 to 1.0 meter). WiUow.--Forests in which willow comprises a

shrubs.--Shrubs normally shorter than 1.6 majority of the stocking.
to 3.2 feet (0.5 to 1.0 meter). (Woody perennial Lowland plains hardwoods._Forests in which
vines, such as grape, were included with low black walnut, hackberry, bur oak, soft maple, and
shrubs.) boxelder, singly or in combination, comprise a



plurality of the stocking. Commonly found in coves two noncontiguous saw logs 8 feet or longer, and
and bott_mlands, meeting Regional specifications for freedom from

Upland elm-ash-locust.--Upland forests in which defect. Softwoods must be at least 9 inches in d.b.h.
elm, ash, and honeylocust, singly or in combination, Hardwoods must be at least 11 inches in d.b.h.
comprise a plurality of the stocking. Includes shel- Sawtimber volume.--Net volume of the saw log
terbelts and windbreaks on sites drier than those portion of live sawtimber in board feet, Interna-
commonly associated with lowland species, tional ¼-inch rule, from stump to a minimum 7

Growing-stock trees.--Live trees of commercial inches top d.o.b, for softwoods and a minimum 9
species qualifying as desirable and acceptable inches top d.o.b, for hardwoods.
trees, (Note: Excludes rough, rotten, and dead Short-log (rough tree).--Live trees of commercial
trees.) species that contain one merchantable 8- to 11-foot

Growing-stockvolume.--Netvolume in cubic feet of saw log but not a 12-foot saw log or two non-
growing-stock trees 5 inches d.b.h, and over, from a contiguous saw logs 8- to 11-feet long, now or
1-fo0t stump to a minimum 4'inch top diameter prospectively.
outside bark of the central stem, or to the point Site index.--An expression of forest site quality
where the central stem breaks into limbs. Cubic based on the height of a free-growing dominant or
feet can be converted to cords by multiplying by 79 codominant tree of a representative species in the
cubic feet per Solid wood cord. forest type at age 50.

Hardwoods.--Dicotyledonous trees, usually broad- Softwoods.--Coniferous trees, usually evergreen,
leaved and deciduous, having needles or scale-like leaves.

Noncommercial species.--Tree species of typically

small size, poor form, or inferior quality that PRINCIPAL TREE AND SHRUB
normglly do not develop into trees suitable for
industrial wood products. SPECIES GROUPS IN KANSAS 3

Poletimber trees.--Growing-stock trees of commer- Tpmg Sp_
. Cial species at least 5 inches in d.b.h., but smaller

than sawtimber size. Softwoods

Productive-reserved forest land.--Forest land suf- Eastern redcedar ........... Juniperus virginiana
ficiently productive to qualify as commercial forest Hardwoods
land, but withdrawn from timber utilization Select white oak
through statute, administration regulation, design- Bur oak .................... Quercus macrocarpa
ation, or exclusive use for Christmas-tree produc- White oak ........................... Quercus alba
tion, as indicated by annual shearing. Chinkapin oak ........... Quercus muehlenbergii

Rotten trees.--Live trees of commercial species that Other white oak
do not contain at least one 12-foot saw log or two Post oak .......................... Quercus ste//ata
saw logs 8 feet or longer, now or prospectively, Select red oak
and/or do not meet Regional specifications for Northern red oak ................. Querc_ rubra
freedom from defect primarily because of rot; that Shumard oak ................ Quercus shumardii
is; whenmore than 50 percent of the cull volume in Other red oak
a tree is rotten. Black oak ....................... Quercus velutina

Rough trees.--(a) Live trees of commercial species Blackjack oak ............. Quercus marilandica
that do not contain at least one merchantable 12- Pin oak ......................... Quercus palustris
foot saw log or two saw logs 8 feet or longer, now or Shingle oak ................. Quercus imbricaria

prospectively, and/or do not meet Regional specifi- Select hickory
cations for freedom from defect primarily because Pecan ........................... Carya iUinoensis
of roughness or poor form, and (b) all live trees of Shellbark hickory .............. Carya laciniosa
noncommercial species.

Saw log:--A log meeting minimum standards of
diameter, length, and defect, including logs at least 3The common and scientific names of tree species are
8 feet long, sound and straight and with a mini- based on: Little, Albert L., Jr. Checklist of United
mum diameter outside bark (d.o.b.) for softwoods States Trees (Native and Naturalized). Agric. Handb.
of 7 inches (9 inches for hardwoods) or other 5_1. Washington, DC: U.S. Department ofAgriculture;
combinations of size and defect specified by Re- 1979. 375 p. The common and scientific names of
gional standards, shrubs are based on: Fernald, Merritt L. Gray's

Sawtimber trees.--Growing-stock trees of commer- manual of Botany. New York, NY." American Book
ciai species containing at least a 12-foot saw log or Company; 1950. 1,632 p.



_.__-

Mockernut hickory ............ Carya tomentosa SHIIJiJ $_
Shagbark hickory .................. Carya ovata Tall shrubs

Other hickory Roughleaf dogwood .......... Comus drummondii
Bitternut hickory ............. Carya cordiformis Chokecherry .................... Prunus virginiana
Black hickory ...................... Carya texana Wild plum .............................. Prunus spp.

Hard maple Pawpaw ........................... Asimina triloba
Sugar maple .................... Acer saccharum Beaked hazel ...................... Corylus cornuta

SOft maple Prickly ash ............ Xanthoxylum americanum
Silver maple .................. Acer sac_harinum Viburnum .......................... Viburnum spp.

Ash Elder ................................. Sambucus spp.
Green ash. ............. Fraxinus pennsylvanica Sumac ..................................... Rhus spp.
White ash .................. Fraxinus americana Butt_nbush ............. Cephalan_us o_is

Cottonwood . Wahoo .................. Euonymus atropurpureus
Eastern cottonwood ........... Popu/us del_ Willow .................................... Sa//x spp.

Willow Sassafras ....................... Sassqfras albidum
Black willow .......................... Salix nigra Low shrubs

Basswood Virginia creeper ............... Pa_ spp.
American basswood ............ Tilia americana Gooseberry-currant ...................... R/bes spp.

Black walnut ......................... Juglans nigra Raspberry-blackberry .................. Rubus spp.
Elm Rose ..... .................................. Rosa spp.

American elm ................ litmus americana American bladdernut ........... Staphylea trifolia
Siberian elm ...................... Ulmus pumila Bilberry-blueberry ................ Vaccinium spp.
Slippery elm ......................... U/mus rubra Honeysuckle .......................... /zm/cera spp.

Hackberry ....................... Celtis occidentalis Buckbrush .................... Symphoricarpos spp.
Sycamor e ..................... Platanus owiden_is Poison ivy ............................ Rhus radicans

•Other hardwoods Pipe-vine .................... Aristolochia tomentosa
Boxelder ........................... Acer negund_ Moonseed ................ Menispermum canadense
Black cherry .................... Prunus serotina Greenbrier ............................. Smilax spp.
Black locust ............... Robinia pseudoacacia Grape ...................................... V/t/s spp.
Honeylocust ................ Gledits_ triacanthos

Kentucky coffeetree ....... Gymnodadus d'w/c_ MLrrlUC EQUIV_ OF UNITS
Northern catalpa .............. Calzdpa sp_sa
Common persimmon ..... Diospyros virginiana USED IN THIS REI_RT
Red mulberry ....................... Morus rubra
River birch .......................... Betula nigra I acre = 4,046.86 square meters or 0.405 hectare.
Sugarberry ...................... Celtis laevigata 1,000 acres = 405 hectares.
Texas buckeye ..... Aeseulus glabra var. arguta 1 cubic foot = 0.0283 cubic meter.

Noncommercial species I foot = 30./48 centimeters or 0.3048 meter.
Ailanthus. .................. A//anthus a/t/ss/ma I inch = 25.4 millimeters, 2.54 centimeters, or 0.0254

• Eastern redbud ............... Cerc/s can_ meter.
1 pound =0.454 kilogram.Hawthorn ......................... Crataegus spp.

Osage-orange ................. Maclura pomifera 1 ton =0.907 metric ton.
Eastern hophornbeam ....... Ostrya virginiana



-- AJPPFJ_IX B

BIOMASS TABIJ_

Table 1.--All ltve tree btomass weight by species group and tree btomass component,Kansas, 1981
..

(In green tons)
.,

- " Btomasscomponent
Growtn,g stock ..... Cu,]1

All 1- to 5-inch Tops and Tops and
Spectes group comp.onents trees Boles 1tmbs Boles 1tmbs

Easl;ern redcedar 327,473 185,195 76,966 39,582 16,506 9,224
Seleqt white oak 7,258,998 303,255 3,425,768 1,694,337 1,147,605 688,033
Other whtte oak 1,602,916 302,447 722,386 337,549 149,595 90,939

' Seiect red oak 2,940,607 127,093 1,626,511 806,614 199,869 180,520
Other red oak 1,951,281 113,136 995,059 513,525 194,493 135,068
Select hickory 1,910,715 269,215 961,548 454,587 136,856 88,509
Other hickory 926,926 207,121 429,551 199,223 58,796 32,235
Hard rap1• 246,808 80,305 100,799 51,224 9,013 5,467
Soft map1e 1,069,121 37,415 568,119 280,018 98,492 85,077

-Ash 4,063,618 643,970 1,798,134 950,412 395,050 276,052
Cottonwood 6,758,532 42,901 4,089,652 1,992,493 350,178 283,308

Wtllow 847,383 70,076 363,096 182,509 129,187 102,515
Basswood 386,444 71,834 160,590 78,287 45,154 30,579
Black walnut 3,756,931 462,570 1,810,684 897,619 359,420 226,638
Elm 4,249,130 1,675,863 954,679 460,438 716,885 441,265
Hackberry 5,858,598 897,608 2,696,133 1,312,562 589,163 363,132

" Sycamore . 1,035,946 36,229 621,590 293,367 45,665 39,095
Other hardwoods 5,472,704 1,079,314 1,391,436 682,228 1,379,817 939,909
NOncommercialspecies 2,613,645 1,077,736 .... 1,013,171 522,738

A1.1.species' 53,277,776 7,683,283 22,792,701 11,226,574 7,034,915 4,540,303

Table 2.--All ltve tree biomass volume by species group and tree btomass component, Kansas, 1981

(In thousand cubic feet)

Biomasscomponent

Growln,gstock CulI
All 1- to 5-inch Tops and Tops and

, Species group components trees Boles limbs Boles limbs• .

• Eastern redcedar 17,701 10,010 4,160 2,140 892 499
Select white oak 478,014 41,321 223,042 110,731 63,799 39,121

• ' •other white oak 56,862 10,384 25,633 11,992 5,449 3,404
Select red oak 103,985 4,364 56,954 28,258 7,408 7,001
Other red oak 68,077 3,829 34,501 17,850 6,940 4,957
Select hickory 72,506 9,539 36,600 17,353 5,460 3,554

' Other hickory 32,220 7,009 15,003 6,961 2,087 1,160
Hard map1e 9,386 3,022 3,846 1,956 349 213
Soft maple 46,315 1,615 24,462 12,060 4,322 3,856
Ash 174,828 27,287 77,186 40,845 17,208 12,302
Cottonwood 294,105 1,818 177,508 86,499 15,405 12,875
Wtll ow 36,529 2,917 15,540 7,815 5,658 4,599
•BasswoOd . 19,326 3,556 8,028 3,915 2,275 1,552
B1ack walnut . 136,037 16,867 65,030 32,282 13,254 8,604
Elm 167,526 65,145 37,546 18,117 28,636 18,082

•.Hackberry 250,191 37,361 115,285 56,136 25,467 15,942

Sycamore 41,662 1,456 24,869 11,739 1,907 1,691Other hardwoods 240,277 45,761 60,578 29,730 61,441 42,767

I Noncommercial species __ 1.10t226 44,859 .... 43,067 22,300
A11 species 2,355,773 338,120 1,005,771 496,379 311,024 204,479
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Smith, W. Brad; Hackett, Ronald L.
Forest biomass and empirical yield for Kansas. Resour. Bull. NC-81. St.

Paul, MN: U.S. Department of Agriculture, Forest Service, North
Central Forest Experiment Station; 1984. 32 p.

Methods for computing tree and shrub biomass. Presents empirical
yield tables for cubic foot and board foot volume.

KEY WORDS: Tree weights, tops and limbs, tall shrubs, low shrubs,
green tons, green pounds, cubic foot, board foot.
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