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ABSRACT.--Live tree biomass estimates in green trees less than 5 inches d.b.h, was computed from a
tons and shrub biomass estimates in pounds per acre regression efluation fit to Young's tree weight table
are presented for Michigan. (Young et al. 1976). This regression equation uses

d.b.h, to estimate total above-ground biomass as 80
KEY WORDS: Tree weights, tops and limbs, tall percent of the above- and below-ground biomass.
shrubs, low shrubs..

TREE BIOMASS Findings
Tree biomass, including the bark, is made up of

In recent years, increasing removal and process- five components (table 1). The largest portion of the
ing costs, newproduct development, increasing com-
petitionfor wood, and the energy crisis have chal- TABLE 1.--Distribution of tree biomass on com-
lenged the tradition of using only the merchantable mercial forest land among tree components, Mich.
tree bolel _ Complete above-ground tree utilization igan, 1980
requires a measure of tree volume that includes more Treecomponent Biomass
than just merchantable volume. In Michigan, esti-
mates of tree biomass on commercial forest land were M/lliongreen tons Percent
made during the recent fourth forest inventory. 1. 1- tO5-inchdiameter

breasthightrees 193.7 18

Method 2. GrowingstockA. boles--from a 1-foot
• " stumptoa variable4-inch

Tree biomass was estimated by the following top diameteroutside the' bark. 530.9 51
method: First, net cubic foot volumes were converted B. treetopsandlimbs--the,
to green tons by using weight conversion factors for volumeabovethevariable
each species (Markwardt 1930). The weight of the 4-inchtop,excludingthe

•bole bark was then computed using bark correction foliage. 247.6 24
factors for individual species, the gross volume of the 3. GullA. boles--from a 1-foot
bole, and.an average bark weight of 37 pounds per stumpto avariable4-inch
cubic foot. Tops and limbs for growing-stock and cull to[}diameteroutsidethe
trees were estimated as 45 percent of thegross bole back. 44.7 4
volume (Young et al. 1976). Finally, the biomass for B. treetopsandlimbs--the

volumeabovethevariable
4-inchtop,excludingthe

1The above,ground volume in growing-stock trees foliage 29.6 3
from a 1:foot stump to a variable 4-inch top diameter
outside the bark that meets pulpwood specifications. AllComponents 1,046.5



State's tree biomass, more than 50 percent, is in Speciesgroup Treebiomass
growing-stock boles. This is followed by growing- (Milliongreentons)
stock tops and limbs that provide an additional 24 0ther hardwoods 197.9

" percent of the total tree biomass. Hard maple 170.3
- Aspen 129.6

Soft maple 124.1
Total tree biomass in the State amounted to more Oak 117.3

than 1 billion green tons or 46 billion cubic feet (table Pine 87.5
2). Tree biomass in growing-stock boles, the tree com- Othersoftwoods 67.8
ponent used in most inventories for volume, equaled Northernwhite-cedar 58.6
531 million green tons (table 3). Balsamfir 51.1

• Paperbirch 42.3
Hardwood tree species make up 75 percent of

All species 1,046.5
Michigan'S tree-biomass. Of the 781 million green
tons of hardwood biomass, 170 million tons are in
hard maple species and 130 tons'are in aspen. Also SHRUB BIOMASS
shown in the following tabulation is softwood tree
biomass concentrated in the pines, northern white- The biomass of other woody perennials (all shrubs)
cedar, and balsam fir:" on Michigan's commercial forest land was also es-

timated in conjunction with the recent forest
• inventory.

Table 2.--A11 live tree biomass on commercial forest land by species group and forest type. Michigan. 1980

(In green tons)

Forest type
Northern

' All Jack Red White Bal sam White Black white-
.S.pecies: .group types pine pine pine fir spruce spruce cedar
SOFTWOODS
White pine 20,468,311 566,804 1,245,668 6,238,347 990,056 238,250 662,120 1,274,799
Red pine 33,041,982 2,510,576 23,650,975 1,026,052 167,054 68,418 280,873 70,244
Jack pine 33,963,901 25,114,823 3,037,295 215,878 49,122 45,076 927,107 --
White spruce 14,149,758 18,787 109,348 311,329 3,828,580 2,010,639 194,002 1,326,903
Black spruce 17,514,624 529,279 102,968 264,531 1,425,072 103,815 9,553,498 3,581,080
Balsam fir 51,103,647 44,687 213,928 725,983 13,125,533 611,607 1,651,460 8,917,489
Hemlock 24,730,688 -- 68,955 105,130 481,796 7,844 111,946 745,739
Tamarack 6,954,471 8,083 11,059 25,916 305,818 27,181 965,050 2,317,387
Northern white-cedar 58,566,961 3,319 55,447 111,826 2,555,680 438,206 1,400,752 40,152,115
Other softwoods 4,544,431 -- 177,211 356,765 3,036 146,032 2,834 91,066

Total 265,038,774 28,796,358 28,672,854 9,381,757 22,931,747 3,697,068 15,749,642 58,476,822
HARDWOODS
Select white oaks 34,207,991 170,517 507,217 241,983 .........
Select red oaks 65,860,332 2,052,724 902,388 458,867 26,720 ......
Other r.edoaks 17,196,503 779,808 727,965 ..........

•.. ' Hickory 6,446,123 16,357 28,639 ..........
Yellow.birch 32,067,348 .... 30,736 913,980 20,610 129,034 1,064,956
Hard maple 170,281,365 34,032 218,821 257,883 561,506 82,027 46,616 336,356
.Softmaple 124,063,072 456,822 741,072 723,715 2,663,631 196,829 528,002 2,791,939
Beech . 20,513,346 -- 26,491 48,023 13,824 14,389 ....
Ash 41,988,244 -- 34,607 23,280 481,930 7,244 102,451 2,635,326
Balsam poplar 10,808,208 -- 3,690 15,489 558,276 104,662 90,339 1,250,182
Cottonwood 3,235,916 ..............
Bigtooth aspen 42,644,753 240,833 646,207 168,764 114,165 8,158 74,959 219,519
Quaking aspen 86,950,725 776,862 1,163,902 744,595 3,055,704 864,176 1,236,931 1,551,461
Basswood 27,394,152 23,056 26,847 7,431 15,043 3,421 -- 83,424
Yellow-pop]ar 698,427 -- 11,603 ..........
Black walnut 1,423,274 -- 9,766 ..........
Blackcherry. 18,504,249 89,320 233,203 83,624 279,527 61,317 32,176 39,879
Butternut ". 288,868 16,485 .......... 14,570
Elm 18,188,254 14,966 -- 14,869 278,377 19,530 19,582 163,193
Paper birch 42,268,071 194,107 264,961 766,856 2,572,795 162,724 770,213 5,413,820
Other hardwoods 6,560,371 8,010 23,909 -- 461 10,179 -- 22,341
Noncommercial species 9,860,846 10,859 33,577 1,206 42,685 1,047 67,180 94,855

Total 781,450,438 4,884,758 5,604,865 3,587,321 11,578,624 1,556,313 3,097,483 15,681,821

All species 1,046,489,212 33,681,116 34,277,719 12,969,078 34,510,371 5,253,381 18,847,125 74,158,643

(Table 2 continued on next page)
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(Table 2 continued)
Forest type

o
.

- • Oak- Elm-ash- Maple- Paper Non-

_ecies .group, Tamarack hickory soft maple birch Aspen birch Exotic stocked
SOFTWOODS

White pine 57,392 1,327,649 631,372 4,621,039 2,241,148 278,665 57,385 37,617
Red pine 8,118 1,466,671 100,688 1,020,463 2,179,091 190,706 276,479 25,574
Jack pine 24,027 2,294,105 13,627 673,384 1,339,977 131,598 63,207 34,675
White spruce 2,699 65,857 485,968 2,828,900 2,494,486. 453,627 17,682 951
Black spruce 370,831 16,446 266,979 459,960 684,670 122,375 -- 33,120
Balsam fir 211,941 107,725 2,552,836 10,920,373 9,994,960 2,012,649 -- 12,476
Hemlock -- 52,777 1,086,339 21,232,880 629,940 206,995 -- 347
Tamarack 2,466,923 3,760 297,875 109,849 298,550 97,771 -- 19,249
Northern white-cedar 314,547 13,237 3,027,461 5,090,573 4,142,259 1,252,648 2,689 6,202
Other softwoods -- 98,451 22,667 611,613 63,605 -- 2,968,118 3,033

Total . 3,456,478 5,446,678 8,485,812 47,569,034 24,068,686 4,747,034 3,385,560 173,244

HARDWOODS
Select white oaks -- 26,360,894 1,435,265 3,933,273 1,486,334 47,930 24,578 --
Select red oaks -- 41,614,049 708,074 12,290,501 7,326,008 485,426 87,664 7,911
-Otherred oaks -- 14,118,068 204,650 861,195 479,157 -- 25,660 --
Hickory -- 3,863,219 188,585 2,313,701 26,820 8,802 ....
Yellow biPch -- 72,107 2,Q46,344 26,936,066 647,613 199,971 5,931 --

Hard maple -- 971,796 1,289,447 160,258,290 4,967,813 1,165,616 60,365 30,797
Soft maple 48,960 7,594,058 23,830,726 65,824,176 16,215,031 2,404,362 16,524 27,225
Beech -- 240,878 168,496 19,439,291 469,088 91,603 -- 1,263
Ash • 17,611 1,534,198 14,929,497 18,395,634 3,307,367 480,131 3,817 35,151
Balsam .poplar 36,081 22,590 730,414 743,506 6,914,212 270,613 56,773 11,381
Cottonwood .. -- 273,204 1.,553,423 942,320 466,969 ......
Bigtooth aspen -- 5,132,973 356,298 7,275,340 27,781,141 551,806 57,125 17,465
Quaking aspen 73,809 1,534,782 2,802,951 15,928,075 55,222,380 1,780,801 166,435 47,861
Basswood -- 452,735 1,142,238 24,403,823 991,579 228,835 15,720 --
Yellow=poplar -- 87,092 65,748 533,984 ........
Black walnut -- 980,731 154,067 278,710 ........
Black cherry • -- 2,439,030 988,944 11,916,816 2,089,577 79,554 59,316 111,966
Butternut -- 108,586 70,794 78,433 ........
Elm -- 496,708 3,883,951 11,781,002 1,389,893 73,618 5,341 47,224

. Paper birch 93,647 758,212 1,967,536 7,825,617 10,871,000 10,584,111 -- 22,472
Other hardwoods -- 1,047,225 2,146,275 3,004,686 254,044 9,779 33,462 --
Noncommercial species -- 727,334 734,429 7,043,385 893,034 144,799 7,245 59,211

Total 270,108 110,330,469 61,398,152 402,007,824 141,799,060 18.,607,757 625,956 419,927

All.species 3,726,586 115,777,147 69,883,964 449,576,858 165,867,746 23,354,791 4,011,516 593,171
..

To facilitate sampling, shrub species were placed the shrub and small tree species. From these equa-
into two arbitrary categories, tall and low shrubs, tions, total plant biomass (green weight) was cal-
For tall shrubs and trees less than 1.0 d.b.h., the culated by species, using either stem diameter (tall
stem diameters by species were measured. This veg- shrubs) or percent ground cover (low shrubs) as a
etation layer is important in the production of woody variable.

winter feed (browse) for wildlife. The low shrub group Findings. Or ground cover species, considered less important, .

as browse, were sampled by making visual estimates
•, of percent cover. Biomass estimates in weight per Shrub biomass was highest in the tamarack forest

acre are shown in table 4. type where it totaled 2.3 tons per acre. Other forest
types with significant amounts of shrub volume are

• Method listed below:
Foresttype Lowandtall shrubbiomass

Stem diameters were measured 6 inches above (Greentonsperacre)
ground level for all tall shrubs and for tree species Tamarack 2.3
less than 1.0 inch d.b.h. For low shrubs, a visual Blackspruce 16
estimate of percent ground cover was made by species. Balsamfir 1.4

Elm-ash-softmaple 1.1

Biomass prediction equations that have been de- Northernwhite-cedar .9
veloped (Telfer 1969, Grigal and Ohmann 1977, The tabulation below shows those shrub species
Ohmann et al. 1976, Brown 1976, Roussopoulos and that have significant above-ground biomass per acre
Loomis 1979, Ohmann et al. 1981) were applied to weights within each group by forest type:

' 3



Table 3.--All live tree biomass by species group and tree biomass component,
. Michigan, 1980

.

" (In green tons)
_.

' '_ Biomass component L

Growing stock, Cull
All I- to 5-inch Tops and Tops and

Species _.rouE components trees Boles .. limbs Boles limbs
SOFTWOODS
White pine 20,468,311 2,040,428 12,189,288 5,517,596 429,076 291,923
Red pine 33,041,982 6,003,291 18,273,921 8,463,173 185,544 116,053
Jack pine 33,963,901 6,053,240 18,447,271 8,324,038 691,748 447,604
White spruce 14,149,758 2,226,721 7,919,098 3,747,674 156,194 100,071
Black spruce - 17,514,624 8,013,947 6,387,658 3,002,748 61,356 48,915
Balsam fir 51,103,647 21,193,910 19,971,004 9,250,908 393,271 294,554
Hemlock 24,730,688 1,754,291 14,401,93.9 6,585,497 1,218,319 770,642
Tamarack 6,954;471 2,557,909 2,772,757 1,362,239 132,205 129,361
-Northernwhite-cedar 58,566,961 21,278,584 21,530,000 10,454,389 2,924,482 2,379,506

Other softwoods 4,544,431 2,103,424 _ 1,449,494 648,356 214,297 128,860

Tot_1 ' 265,038,,774' 73,225,745 123,342,430 57,356,618 "6,406,492 4,707,489
HARDWOODS
•Select white oaks 34,207,991 2,583,066 20,270,584 9,434,816 1,215,413 704,112
Select red oaks 65,860,332 2,836,535 41,209,572 18,693,029 1,946,629 1,174,567
Other red oaks 17,196,503 771,423 10,465,449 4,.716,395 782,621 460,615
Hickory 6,446,123 583,336 3,852,494 1,831,545 114,735 64,013
Yellow birch 32,067,348 3,087,632 15,100,270 7,258,876 3,749,416 2,871,154
Hard maple 170,281,365 30,609,600 87,477,220 40,693,732 7,030,385 4,470,428
Soft maple 124,063,072 23,312,870 62,142,272 29,705,963 5,358,206 3,543,761
Beech 20,513,346 1,720,044 10,288,958 4,990,610 2,115,726 1,398,008
Ash- ' 41,988,244 11,176,241 19,857,082 9,047,810 1,169,084 738,027
Balsam poplar 10,808,208 1,493,468 5,947,443 2,809,185 325,097 233,015
Cottonwood 3,235,916 168,491 2,001,614 981,077 40,055 4,..4,679

' Bigtooth aspen 42,644,753 5,267,931 23,766,408 11,033,490 1,525,170 1,051,754
.Quakingaspen 86,950,725 13,950,017 43,874,360 20,772,083 4,876,787 3,477,478
Basswood , 27,394,152 1,729,817 16,888,735 7,432,664 826,876 516,060
Yellow-poplar 698,427 34,677 456,065 207,685 ....
Black walnut 1,423,274 42,261 905,291 421,608 35,979 18,135
Blackcherry 18,504,249 3,337,485 8,736,663 3,937,813 1,57_,F!I 915,377
Butternut 288,868 83,219 102,681 48,257 34,490 20,221
Elm. 18,188,254 4,186,989 8,691,081 4,084,645 781,728 443,811
-Paperbirch 42,268,071 5,612,788 22,909,959 10,888,803 1,752,869 1,103,652
Other hardwoods 6,_60,371 1,797,298 2,604,921 1,259,784 .540,835 357,533

Noncommercialspecies 9,860,.846 6,100,943 .... 2,458,082 1,301,821
Total 781,450,438 120,486,131 407,549,122 190,249,870 38,257,094 24,908,221

All species . 1,046,489,212 193,711,876 530,891,552 247,606,488 44,663,586 29,615,710

Shrubbiomass

. ' Tailshrubspeciesandtrees (Greenpounds white-cedar, paper birch, and white pine forest types.
lessthan1.0inchd.b.h. - Forestlype peracre) The followingtabulationshowsbothtreeand shrub
Speckledalder Tamarack 2,607

• ' Speckledalder Blackspruce 1 703 biomass estimates in pounds per acre by forest type:. 1 j

Speckledalder Balsamfir 644 Lowshrubs Trees .

'Speckledalder Elm-ash-softmaple 607 Foresttype Tallshrubs(Greenpoundsperacre)Balsamfir Balsamfir 587
LowShrubSpecies Jackpine 620 591 801509
Blueberry' Jackpine 459 Redpine 474 213 104,521
Leatherleaf Tamarack 32i White pine 887 284 121,150
Labradortea . , Blackspruce 218 Balsamfir 2,534 196 108,626
Leatherleaf Blackspruce 158 White spruce 1,302 51 104,963
Blueberry Redpine 157 Blackspruce 2,717 533 72,405

• ' . Northernwhite-cedar 11827 44 126,378
Tamarack 4,109 424 "64,923

TOTAL ABOVE-GROUND Oak-hickory 11117 198 130,556
" Elm-ash-softmaple 2,124 120 105,374

BIOMASS Maple-birch 1,266 51 147,440
Aspen 1,559 112 97,380

• Paperbirch 1,624 131 124,625
The highest estimates of total biomass per acre Exotic 277 107 92,967

are found in the maple-birch, oak-hickory, northern Nonstocked 508 139 6,889
-
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The Fourth Michigan Forest Inventory was con- northeastern Minnesota. Gen. _l]ech.Rep. NC-6i.
ducted b.y the North Central Forest Experiment Sta- St. Paul, MN: U.S. Department of Agriculture,
tion. More intensified field sampling was made pos- Forest Service, North Central Forest Experiment. .

sible by additional funding and personnel provided Station; 1981.10 p.
the North Central Station by the State Legislature Ohmann, L. F.; Grigal, D. F.; Brander, R. B. Biomass
through the Michigan Department of Natural Re- estimation for five shrubs from northeastern Min-
sources and by interested forest industry companies, nesota. Res. Pap. NC-133. St. Paul, MN: U.S. De-

partment of Agriculture, Forest Service, North
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