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ABSTRACT.--Live tree biomass estimates are pre- 5. 1- to 5-inch d.b.h, trees.--the total above-
. sented for five counties of northeastern Minnesota. ground volume of all trees 1 to 5 inches in
Tree bi0mass is given in green tons for forest types diameter at breast height.
and species groups. In Minnesota, estimates of tree biomass on com-

mercial forest land outside the National Forests were
KEY WORDS: Volume, tops and limbs, cull, grow- obtained during the fourth Minnesota Forest Inven-
ing-stock, boles, tory (dated 1977). The recently completed Superior

National Forest Inventory (dated 1979) has provided
tree biomass estimates for that forest. Information

An increasing demand for wood fiber, advances in
from the two surveys has been combined to estimate

wood technology, and other changes in the Nation's the tree biomass on commercial forest land in the
forest resources have spurred interest in complete Aspen-Birch Forest Survey Unit (Carlton, Cook,
tree utilization. Such developments require a mea-
sure 0ftotal tree volume that includes more than just Koochiching, Lake, and St. Louis Counties).
merchantable volume. Estimating tree biomass is

" the first step in estimating the total wood volume on METHOD
. commercial forest land. Tree biomass was estimated with the following

Tree biomass, including the bark, is made up of five method: First, net cubic foot volumes were converted
components: to green tons by using weight conversion factors for

1. Growing-stock boles.--the above-ground vol- each species (Markwardt 1930). The weight of the
ume in growing-stock trees from a 1-foot stump bole bark was then computed using bark correction
to a variable 4-inch top diameter outside the factors for individual species, the gross volume of the
bark (t.d,o.b.). bole, and an average bark weight of 37 pounds per

2. Growing-stock tops and limbs.--the above- cubic foot. Tops and limbs for growing-stock and cull
ground volume in growing-stock trees from a 1- trees were estimated as 45 percent of the gross bole
foot stump, excludingthe growing-stock bole. volume (Young et al. 1976). Finally, the biomass for

3. Cull tree boles.--the above-ground volume in trees less than 5 inches d.b.h, was computed from a
Culltrees from a 1-foot stump to a 4-inch t.d.o.b, regression equation fit to Young's tree weight table

4. Cull tree tops and limbs.--the above-ground (Young et al. 1976). This regression equation uses
volume of cull trees from a 1-foot stump, exclud- d.b.h, to estimate total above-ground biomass as 80
ing the cull bole. percent of the above- and below-ground biomass.



FINDINGS biomass cubic foot volume in growing-stock boles and
the net growing-stock volume in cubic feet is the bark

Tree biomass in the Aspen-Birch Forest Survey component of biomass. Bark accounts for almost 20
Unit was estimated at 250.8 million green tons in percent of the growing-stock bole biomass.
1978, or about 43.5 green tons per acre of commercial Forty-eight percent of the biomass is in stands less
forest land. Sixty-five percent of the Unit's biomass is than 51 years old (table 2). The importance of small
made up of growing-stock trees (table 1). Biomass in diameter trees in supplying biomass is shown in
1, to 5-inch d.b.h, trees accounts for more than one- the distribution of biomass among diameter classes
quarter of the Unit's totaltree biomass. The distribu- (table 3). Twenty-six percent of the total biomass is
tion of tree biomass among the five components made up oftrees less than 5 inches d.b.h. ,18 percent is
differs for softwoods and hardwoods (fig. 1). made up of trees 5.0-6.9 inches d.b.h., and 19percent is

Hardwood tree species make up most of Minneso- made up of trees 7.0-8.9 inches d.b.h. (table 3).
ta's tree biomass. Of the 149.3 million green tons of
hardwood tree biomass, 108.9 million green tons are
in aspen and paper birch. Softwood tree biomass is LITERATURE CITED
concentrated in balsam fir and black spruce. More
than 50 percent of the black spruce tree biomass is in Markwardt, L. J. 1930. Comparative strength prop-
1- to 5-inch d.b.h, trees, erties of woods grown in the United States. U.S.

The 250.8 million green tons of tree biomass in the Department of Agriculture, Technical Bulletin
Aspen-Birch Unit equal 11.8 billion cubic feet. Tree !58, 38 p.
biomass in growing-stock boles totals 5.3 billion Young, H. E., L. E. Hoar, and T. C. Tryon. 1976. A
cubic feetl Data from the fourth Minnesota Forest forest biomass inventory of some public land in
Inventory and the Superior National Forest Inven- Maine. p. 285-302. In Oslo Biomass Studies. Life
tory Show that net growing-stock volume in the Unit Science and Agricultural Experiment Station,
is 4.4 billion cubic feet. The difference between University of Maine, Orono, Maine.
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Figure 1._Distribution of biomass among components, softwoods and hardwoods, Aspen-B irch
Unit, Minnesota, 1978.
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" Table 3.--All live biomass by species and diameter class, Aspen-BirchUnit,
Minnesota, 1978

- (In thousand green tons)

Diameter class (inches)
All 0.0- 3.0- 5.0- 7.0- 9.0- 11.0- 13.0-

Species classes 2.9 4.9 6.9 8.9 10.9 12.9 14.9
SOFTWOODS"

White pine 3,199 13 93 103 211 224 489 371
Red pine 7,276 44 534 500 1,031 1,584 1,243 854
Jack pine 7,624 34 314 I,013 1,842 2,283 1,212 506
White spruce 4,865 254 685 554 650 721 674 457
Black spruce _ 25,383 2,634 10,339 6,363 3,929 1,430 440 149
Balsam fir 36,008 3,845 11,025 8,706 6,646 3,776 1,430 456
Tamarack 5,555 389 1,790 1,426 1,111 476 263 62
Northern. ' '
Whi t e-ced ar 11,483 751 3,117 i, 310 i, 762 i, 750 I, 153 738

Other softwoods 47 10 17 6 3 8 -- 3

Total ,i01,440 7,974 27,914 19,981 17,185 12,252 6,904 3,596
HARDWOODS"

Select white oaks 348 13 36 46 48 47 54 18
Select red oaks 623 11 50 70 78 122 122 83
Other red Oaks ................
Hickory . ................
Yel]<)wbirch 920 7 28 25 " 45 48 184 133
Hard maple 6,087 563 1,406 1,133 854 561 382 331
Soft maple 4,715 723 1,790 832 673 323 159 101
Ash 11,270 983 2,272 2,329 2,054 1,665 966 519
Balsam poplar ' 11,546 426 1,484 1,436 2,425 2,192 1,597 1,019
Paper birch 39,436 1,739 6,828 8,830 9,977 6,478 3,145 1,250
Bigtooth aspen 1,533 16 106 "158 260 307 337 135

' Quaking aspen 67,959 2,946 6,712 10,105 14,478 14,129 9,531 5,747
Basswoad 1,557 24 162 207 285 325 161 108
EIm 2,675 54 195 210 277 308 343 308
Select hardwoods 31 13 14 4 ........
Other hardwoods 117 11 53 12 14 10 8 --
Noncommercial
species 534 332 126 51 15 6 4 --

Total 149,351 7,861 21,262 25,448 31,483 26,521 16,993 9,752

AlI species 250,791 15,835 49,176 45,429 48,668 38,773 23,897 13,348
(Table 3 continued on next page.)



"(Table3 continued)

Diameter class (inches)
- 15.0- 17.0- 19.0- 21.0- 23.0- 29.0-

Species 16.9 18.9 20.9 22.9 28.9 38.9 39.0+
SOFTWOODS"
White pine 333 287 250 268 370 150 37
Red pine 580 433 297 114 62 ....
Jack pine 245 137 24 10 4 ....
White spruce 406 188 151 92 33 ....
Black spruce 63 25 9 2 ......
Balsam fir 102 13 9 ........
Tamarack 26 12 ..........
Northern
white-cedar 416 232 147 43 59 5 --

Other softwoods ..............

Total 2,171 1,327 887 529 528 155 37
HARDWOODS:

Select white oaks 36 12 5 -- 28 5 --
Select red oaks 55 16 16 ........

' Other red oaks ..............
Hickory ...............

. Yellow birch 82 114 81 71 91 II --
Hard maple 379 211 102 60 105 ....
Soft maPle 57 38 7 12 ......
Ash 294 106 50 9 . 23 ....
Balsam popl ar 515 308 74 51 19 ....
Paper birch 619 303 124 66 77 ....
Bigtooth aspen 138 50 15 Ii ......
Quaking aspen 2,362 1,130 524 173 122 ....
Basswood 113 79 47 31 15 ....
Elm 265 258 114 119 155 48 21
Select hardwoods ..............

•Other hardwoods 2 5 2 ........
Noncommerci a1

species ..............
Total 4,917 2,630 1,161 603 635 64 21

All species 7,088 3,957 2,048 1,132 1,163 219 58
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