Aboveground Tree
Biomass on
Productive Forest
Land in Alaska
John Yarie and Delbert R. Mead

About This File
This file was created by scanning the
printed publication. Misscans identified
by the software have been corrected,
however some mistakes may remain.

Authors
JOHN YARIE is a research associate with
the Forest Soils Laboratory, 905 Koyukuk
Avenue North, University of Alaska,
Fairbanks 99701. DELBERT R. MEA D is a
forester with the Renewable Resources
Evaluation Unit of the Pacific Northwest
Forest and Range Experiment Station, 2221
East Northern Lights, Anchorage, Alaska
99508.

Abstract

Summary

Yarie, John; Mead, Delbert. Aboveground tree biomass on productive
forest land in Alaska. Res. Pap.
PNW-298. Portland, OR: U.S.
Department of Agriculture, Forest
Service, Pacific Northwest Forest
and Range Experiment Station; 1982
16 p.

Compilation of tree biomass in Alaska
was part of a nationwide state-of-the-art
project undertaken in 1980. This project
was conceived because economic
interest in forest biomass has risen
dramatically in recent years concurrent
with interest in alternative fuels and
development of new technologies that
could use total tree biomass. The
project pulled together much existing
information on the subject and enabled
us to make estimates of biomass
supply; it also provided an opportunity
to assess existing knowledge and
identify species for which additional
research is needed.

Total aboveground woody biomass of
trees on forest land that can produce
1.4 cubic m eters per hectare per year
of industrial wood in Alaska is 1.33
billion metric tons green weight. The
estimated energy value of the standing
woody biomass is 11.9 x 10'5 Btu's.
Statewide tables of biomass and
energy values for softwoods, hardwoods, and species groups are
presented.
Keywords: Biomass, energy, wood
utilization, Alaska.

Biomass values were developed by
applying biomass equations for
individual species to stand tables
compiled from existing inventory data.
Stand tables used in this compilation
were built with data gathered from
many years of aerial photo interpretation and ground sampling by Alaska's
Renewable Resources Evaluation project. Biomass equations were developed by many researchers over a
period of years. Sources of the
equations are listed in appendix table
8.

All biomass values were calculated in
pounds of green weight for two tree
categories, bole and top. Data are
presented by coastal and interior
geographic units. Coastal forest areas
are typically high biomass (176 tons/
acre) Sitka spruce-hemlock-cedar
stands and account for 85 percent of
total biomass in the State. Interior areas
have lower biomass (55 tons/acre) and
account for only 15 percent of the total.
White spruce, black spruce, birch, and
aspen are the predominant species.
Information in this report is a best
estimate based on current data. Only
areas previously inventoried were
included, and inventory data represents
the more densely forested areas of the
State judged to be capable of producing
20 cubic feet of bole wood per acre per
year. Obviously, large areas of the State
and substantial biomass were excluded;
however, areas of highest biomass
density and greatest economic potential
are included. No estimate of sample
error is provided because of the large
number of equations and inventory units
used for the final estimates. Caution is
urged in applying these estimates
except as a general planning tool.

Introduction

The portion of alternative energy
sources being used to satisfy total
energy demand is increasing in many
countries throughout the world. As
with oil and coal, the availability of
these resources is important to know.
Wood is one renewable source of
energy that is often considered for alternative energy. As a first step in determining the potential energy in the
Nation's forest trees, traditional,
product-oriented forest inventories have
to be reanalyzed to estimate total forest
biomass. This report is the result of
such an effort for the State of Alaska.
The information should be considered
within the restrictions specified; it
represents a preliminary best estimate,
compiled from available data.

' See "Glossary" for definitions of
terms used in this paper.

Methods

Standing tree biomass (appendix tables
5, 6, and 7) was estimated from standtable data 2 using biomass equations
(appendix table 8) for each major
species found in the State. The standtables were constructed for both of the
State's major resource areas: coastal
and interior (fig. 1).
All biomass values were calculated in
pounds of green weight from the equations shown in appendix tables 8 and 9.
Standing tree biomass was calculated
for two categories, bole and top. Bole
was defined as the main stem of the
tree including wood and bark from a
1-foot (30.5-cm) stump to a 4-inch(10.2-cm-) diameter outside bark
(d.o.b.) top. Top was defined as the
main stem above a 4-inch d.o.b. top
and all live branches, excluding foliage
but including bark. A 3-inch (7.6-cm) top
diameter was used for black
cottonwood. Total biomass was the
bole plus the top.

—————————————

Some adjustments had to be made in
applying these equations:
• Sometimes, predicted values derived
from bole-biomass equations were
greater than predicted values from
total-stem equations (from a 1-foot
stump to a 0 d.o.b. top, excluding
branches). This occurred only in
extrapolating beyond the range of
the data used to develop the
regression equation. This extrapolation was necessary because the true
range of inventoried tree sizes was
greater than the range in data used
to develop the regression equation
(table 5). A top-to-stem weight ratio
(table 9) was used to proportion total
stem weight into that above and
below the 4-inch top diameter. The
top-to-stem weight ratio was
calculated using a ratio computed
from a sample of actual bole weights
or volumes to total stem weights or
volumes for each diameter class.
Above a certain diameter class, the
species -specific, top-to-stem weight
ratio was assumed to be constant
(table 9).

2

Stand-table data were taken from published
reports for the Susitna, Fairbanks, Upper
Koyukuk, Copper River, Tuxedni,
Kuskokwim, and Haines-Skagway units
(Hegg 1974a, b, c, 1975, 1979; Hegg and
Sievering 1979; LaBau and Hutchinson
1976. Data were also taken from unpublished reports compiled by the Renewable
Resources Evaluation Unit, Forestry
Sciences Laboratory, Suite 106, 2221 East
Northern Lights Blvd., Anchorage, Alaska
99508, for the following inventory units:
Juneau, 1970; Sitka, 1971; Petersburg,
1972; Kantishna, 1973; Prince of Wales,
1973; Ketchikan, 1974; Upper Tanana, 1974;
Wood-Salcha, 1975; Yakatat, 1975; Afognak,
1976; Cordova-Whittier, 1977; and Kenai,
1978. These reports are on file at the
Forestry Sciences Laboratory.
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• No biomass equations were
available for Sitka spruce, so a
volume equation had to be used.
The factor used to convert from
stem volume to green weight is
presented in table 9.
• The equation for red alder branches
predicts negative values within the
range of stand-table diameters, so a
constant value of 143.3 pounds (65
kg) was assumed above a d.b.h. of
16 inches (40.6 cm). This assumption probably results in a 10-percent
or less underestimate of red alder
biomass.

Indirect methods were used to estimate
biomass of rough and rotten trees
because stand tables were unavailable.
The ratio of rough and rotten trees to
growing stock was obtained from the
review draft of a USDA Forest Service
paper.3 The ratio was calculated separately for softwoods and hardwoods in
interior and coastal Alaska. Totals were
then added into the tables, based on
the proportion of the individual species
weight to total weight.
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Appendix table 8 in "An analysis of the
timber situation in the United States, 19522030," Washington, DC; U.S. Department of
Agriculture, Forest Service. Paper in review.

Total biomass of rough and rotten trees
for coastal Alaska was only 7 percent
of the growing-stock volume, so the
error is probably less than 5 percent for
individual species. The percentage of
rough and rotten trees found in interior
Alaska was even less.
Energy content was calculated using
conversion factors given in Cheremisinoff (1980) for wood. The energy
values listed in our tables are slight
underestimates because bark and
wood were considered together. Bark
usually has a higher energy value than
wood.
3

Discussion
Statewide estimates of aboveground
forest biomass were compiled for
Alaska in late 1980 as part of a nationwide assessment of forest biomass.
The estimates were compiled from
existing forest-inventory data of
productive forest lands in the State.
Units that had previously been
inventoried (fig. 1) include:
Coastal

Interior

Afognak, 1976
Cordova/Whittier, 1977
Haines/Skagway, 1965
Juneau,1970
Kenai, 1978
Ketchikan/Prince of
Wales, 1974
Petersburg/Wrangell,
1972
Sitka, 1971
Yakatat, 1975
Copper River, 1968
Fairbanks, 1970
Kantishna, 1973
Koyukuk, 1971
Kuskokwim,1967
Susitna, 1964-65
Tuxedni, 1971
Upper Tanana, 1974
Wood-Salcha, 1975

These units include most of southeast
Alaska and substantial portions of the
southcentral coast. Early interior
inventories, such as the Kuskokwim
and Koyukuk units, were centered
along river bottoms and used available
aerial photographs; later inventories
included entire river basins (Susitna
and Tanana).

The forest-land area and biomass listed
in the following tables reflect only the
amount of productive forest land inventoried in the above units. These units
represent major forest areas of the
State, but substantial, marginally productive forest areas remain uninventoried. We estimate that, if all forest lands
in Alaska were included, the total biomass estimate would be at least double.
A preliminary estimate of 100 million
green tons of aboveground tree
biomass (Yarie, unpub. data) for an
inventory unit completed too late for
inclusion in this report is about 38
percent of the total estimate presented
in table 1 for interior Alaska. This unit
represents only 9,000,000 acres in the
upper Yukon drainage. In addition,
several other units in the interior still
remain uninventoried.
At the time stand-table data were com piled, patterns of forest ownership in
Alaska were undergoing changes because of the Alaska Lands Bill. Large
amounts of land are changing ownership as the Federal Government relinquishes title to the State of Alaska and
Native corporations. Also, when
passage of the bill was pending, large
amounts of land tentatively selected by
the State were readied for conveyance
to the State's boroughs, municipalities,
and private citizens via land sales and
homesite programs. Therefore, identifying biomass by ownership class is
impossible, and no biomass data are
presented by class of ownership.
We can expect substantial changes in
the amount and size-class distribution of
the State's forest biomass as landuse
changes occur along with changing
ownership. The State has already
undertaken several large land-clearing
operations as it attempts to establish
agricultural projects; also, more land is
available for private use and development. Some of the State's more heavily
forested areas, formerly administered
by the USDA Forest Service, have been
selected by Native corporations. As a
result, we could expect changes in
timber-sale patterns and subsequent
biomass distribution.
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Total biomass for the inventoried units
is estimated at 1.47 billion tons green
weight (1.33 billion metric tons (m.t.)).
A conservative dry-weight estimate
would be 0.7 billion tons (0.63 billion
m.t.) (table 1). Coastal Alaska (fig. 1)
accounts for 85 percent of the total
biomass (1.12 billion m.t.); only 15 percent of the State's total is found in
interior Alaska (table 1). Ninety-two
percent of the total can be accounted
for by growing-stock trees (1.22 billion
m.t.), and only a small portion is rough
and rotten material (4 percent or 53
million m.t.). The remaining 4 percent
(54 million m.t.) are classed as saplings
(table 1).
The vast differences in forest structure
between coastal and interior forests
(figs. 1, 2, and 3) are shown in tables 2,
3, and 4. Productive forest land in
coastal Alaska averages 176 green
tons/acre (395 m.t./ha); interior lands
average only 55 green tons/acre (124
m.t./ha) (table 2). Total sapling biomass
in the interior is about 3 times greater
per acre than on the coast. The
difference in sapling biomass results
from large differences in fire frequency
and response of species to fire between
interior and coastal Alaska.
Most (95 percent) of total biomass
found in interior Alaska is in trees less
than 20 inches (51 cm) in diameter at
breast height (d.b.h.); in coastal Alaska,
63 percent of the total biomass is in
trees larger than 20 inches d.b.h.
(tables 3 and 4).
Softwoods accounted for 99 percent of
the total coastal biomass, but only 43
percent of the total interior biomass
(tables 3 and 4). Western hemlock and
spruce species accounted for 75 percent of the total aboveground woody
biomass on productive forest lands in
Alaska (tables 3 and 4). Mountain
hemlock ("Other softwoods," table 3)
and paper birch were next, accounting
for only 8 and 6 percent of the total
aboveground woody biomass, respectively (tables 3 and 4).

5

6

7

8

9

Glossary
The total proportion of biomass of bole
to top was 3 to 1 for coastal Alaska and
1.5 to 1 for interior. The difference is
because the ratio of bole to top is 1 to 1
for interior hardwoods and 2 to 1 for all
interior growing stock. Although utilization could be increased by a higher
percentage in interior fores ts if the
complete tree were used, coastal Alaskan forests contain about 3.5 times
more top biomass than the interior
forests.
Total energy content in aboveground
tree biomass minus foliage is estimated
as 11.913 quads (10'5 Btu's) (table 1A).
Coastal Alaska again accounts for the
highest portion or 10.065 quads; only
1.848 quads were found in productive
interior forests. Total energy content in
aboveground tree biomass per hectare
is 3.54 billion Btu's in coastal forests
and 1.11 billion Btu's in interior forests.
The same general trends found in biomass are also found when the data are
converted to energy content.
Based on data collected by Goldsmith
and Lane (1978) for 1976, the
estimated aboveground biomass could
meet all of Alaska's energy demands
(at 1976 levels) for 55 years.
Eliminating energy required by
transportation and petroleum
processing, the current biomass
reserves could supply energy for electricity conversions, heating, and mis cellaneous uses for 123 years at the
rate of energy consumption in 1976.
This latter figure is close to the
suggested rotation age for many of
Alaska's forest types.

Bole biomass-Green weight of the wood
and bark of the main stem of a tree from
a 1-foot stump to a 4-inch top diameter
outside bark (d.o.b.). (A 3-inch d.o.b.
top was used for cottonwood.)
Diameter class-A classification of
trees based on diameter outside bark,
measured at breast height (4 1/2 feet
(1.37 m) above the ground).
Forest trees -Woody plants having a
well-developed stem and usually more
than 12 feet (3.65 m) in height at
maturity.
Growing stock trees -Live trees of
commercial species that are capable of
producing at least one 12-foot sawlog,
have no serious defect in quality limiting
present or prospective use for timber
products, are of relatively high vigor,
and contain no pathogens that may
result in death or serious deterioration
before rotation age.
Productive forest land-Land at least
16.7-percent stocked by forest trees of
any size, or formerly having had such
tree cover and not currently developed
for nonforest use. This land must also
be capable of producing 20 cubic
feet/acre per year of industrial wood.
Quads -An energy value equivalent at
10'5 British thermal units (Btu's).
Saplings -Live trees 1.0-4.9 inches
(2.54-12.5 cm) in diameter at breast
height.
Seedlings -Live trees less than 1.0 inch
(2.54 cm) in diameter at breast height.
Stand table-A table of tree numbers
by species and diameter class.
Top biomass-Green weight of the
wood and bark of the main tree stem
above a 4-inch top diameter outside
bark plus all live branches minus
foliage.
Total biomass-Green weight of wood
and bark above a 1-foot stump (bole +
top).
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