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Table 1. Down dead wood biomass by county, Maine, 1995. s

County Million pounds

Androscoggin 533.3
) Aroostook 33,830.1

Cumberland 1,774.2

% ;5 Franklin 7,022.5



Abstract

Down dead wood (DDW) is important for its role in carbon and nutrient cycling,
carbon sequestration, wildfire behavior, plant reproduction, and wildlife habitat.
Down dead wood was measured for the first time during a forest survey of Maine by
the USDA Forest Service in 1994-1996. Pieces greater than 3 feet long and greater
than 3 inches in diameter at point of intersection were measured on line transects
located on standard forest inventory plots. Large piles of DDW were sampled using
the standard circular plot. Results are presented in 50 tables containing totals and
by attributes such as forest type group, owner group, species, and diameter class.
This inventory indicates Maine timberlands contain approximately 7.2 + 3% billion
cubic feet in DDW pieces, and an additional 1.6 + 28% billion cubic feet in piles of
DDW. Together these contain 68.9 billion pounds ( = 8% ) of carbon. This is
equivalent to an average of approximately 8,030 pounds of DDW biomass per acre.
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Introduction

Down dead wood (DDW), also known as downed coarse
woody debris, is important for its role in carbon and nutrient
cycling, carbon sequestration, wildfire behavior, stream
channel morphology, plant reproduction, and wildlife habitat.
Coarse woody debris and DDW decomposition have been
characterized in selected forested areas of the eastern United
States(see Gore and Patterson 1986; Mattson and others
1987; Arthur and others 1993; McCarthy and Bailey 1994;
Tyrrell and Crow 1994; McGee and others 1999), but this is
the first statistical report on the amount and distribution of
DDW on a large scale. Large-scale estimates are needed to
address regional and national issues such as increasing
atmospheric concentrations of carbon dioxide, which may
contribute to climate change. The purpose for the DDW
inventory is to describe not only total DDW characteristics
over the large survey area, but also to describe
characteristics of DDW associated with individual plot data.

In this study, we present statistics of DDW on timberlands of
the State of Maine. Two types of attributes are estimated,
population or subpopulation totals and per area ratios where a
total is divided by a corresponding area estimate. Each of
these attributes is then categorized by plot-level
classifications such as forest type or by piece-level
classifications such as decay class. In some cases, attributes
are categorized by both classifications. The ratio estimates
are computed in lieu of means because sample means are
not readily available from this study’s double sampling design.
Data were collected by the Forest Inventory and Analysis
(FI1A) of the USDA Forest Service’s Northeastern Research
Station from 1994 to 1996 in conjunction with the fourth
periodic forest survey of Maine. See Griffith and Alerich
(1996) for statistics of other forest attributes measured in this
survey.

Sampling Design
and Measurement Procedures

Sampling Design for Forest Inventory Plots

The sampling design for measuring DDW was superimposed
on the existing forest inventory sampling design. The design
used by FIA is double sampling for stratification (Cochran
1977). Land area is stratified by land use and timber volume
class using classified points located on aerial photographs. A
random subset of the photo points is selected for field
measurement with sample size proportional to stratum size.
The theory of sampling with partial replacement was adopted
in this fourth successive survey of Maine to select a
combination of previously measured and newly established
ground plots. Thus, this survey consisted of remeasuring
2,192 ground plots that had been measured in the previous
survey, and measuring 809 newly established ground plots.

The sample ground-plot design was a circular, 52.7 foot-
radius (1/5-acre) plot. Distinct differences in land use, forest
type, stand origin, or stand size on a plot were noted and
mapped. The state of these four variables constituted a
“condition”. If a plot included more than one condition, each
was appropriately weighted and handled as a “separate plot”
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Figure 1.--Line transects and the fixed-radius forest
inventory design for the fourth periodic inventory of
Maine timberlands, 1994-1996.

in the analysis (Chojnacky 1998). Delineating the boundaries
of these conditions determines the area of each condition on
the plot. To qualify for measurement, the condition had to be
at least 1 acre in size in the general vicinity of the plot. The
mapped plot design is discussed in depth in Scott and
Bechtold (1995), and further explored with respect to Maine in
Arner (1998).

Sampling Design for DDW Pieces

Pieces of DDW were measured on two line transects
emanating from plot center of the circular plot at azimuth 45
and 135 degrees and extending 52.7 feet. The second
transect was located at 90 degrees to the first transect to
reduce the orientation bias that occurs when all DDW pieces
are aligned in the same direction (Van Wagner 1968; Pickford
and Hazard 1978; Hazard and Pickford 1986). Measuring at
fixed azimuths also can produce orientation bias, but
protocols to ensure the elimination of bias would have been
difficult to implement in this inventory. Orientation bias
usually occurs when physical features are not randomly
oriented, such as for parallel mountain ridges or logs that are
blown down in the same direction. Considering the scope of
this study, it is doubtful that any bias that might result from the
use of fixed azimuths would affect the results. The line
transects and circular plot design are shown in Figure 1.

Figure 1 also illustrates the effect that identifying conditions
have on plot measurements. Because stand conditions are
different, each condition present on a plot must have
recorded stand data, for example, age of stand, forest type,
and stocking. The line transects can be split in different ways



across conditions; in some cases, transects may not cross all
conditions on a plot. For example, Figure 1 shows about half
of one transect providing information on DDW for one
condition, while the other half plus the second transect
provide DDW information for the second condition. Qualifying
pieces that crossed condition classes were assigned to the
condition class that contains the center of the length of the
piece. Note that a portion of the qualifying piece may
continue off the fixed-area ground plot. The piece is
measured as usual because the DDW sample is determined
by the line transect rather than the fixed-area ground plot.
See Shiver and Borders (1996) for more information on line
transect inventories and forest inventory techniques.

The aerial photo points are considered the primary sampling
unit (12 phase sample of double sample design); the circular
plots and the line transects each are considered a secondary
sampling unit (2m phase sample). The line transect sampling
frame is not the same as the circular plot sampling frame;
however, both the circular plots and line transects are
providing a sample of similar forest conditions (of the 1%
phase sample point) as they both emanate from the same plot
center. Thus, data collected on the line transects are
categorized and compared with data collected on the circular
plots.

Piece Measurements

DDW was tallied if it was intersected by the line intersect
plane, was at least 3 inches in diameter, 3 feet long, and in
decay class 1, 2, or 3 at the point of intersection. The decay
classes and the characteristics of a piece by decay class are
described in the Appendix. We measured piece length,
diameter at the small and large end and point of intersection,
and species. We also assigned a decay class and noted
whether the piece was hollow, and if it was on the ground or
above the forest floor, i.e., propped above the ground across
large rocks.

A minimum transect diameter was chosen for several
reasons. We were most interested in larger pieces that might
take several years to decompose. We expected a large
number of pieces of DDW in smaller diameter classes based
on the results of Gore and Patterson (1986) in northern
hardwoods in New Hampshire. Setting a minimum diameter
allowed us to concentrate our resources on measuring pieces
in our target population. Three inches was chosen as the
minimum transect diameter because it corresponds to the
lower measurement limit for the larger diameter classes (the
100-hour-fuel size class) in a traditional fuels inventory (see
Brown 1974) to determine fuels loading for predicting fire
behavior.

The small-end diameter was measured to ensure that the 3-
inch limit was met; the large-end diameter was measured to
provide a more accurate measure of volume (Pickford and
Hazard 1978). Any part of the piece less than 3 inches in
diameter was not measured; therefore the length of the piece
only included that portion 3 inches or larger in diameter.
Decay classes were assigned for use in estimating biomass
and carbon. We ignored down wood that had lost its structure
and shape (decay class 4) at the point of intersection because
we were interested in pieces that would retain carbon for

several years. Thus, an additional amount of extremely
decayed DDW was not measured in this inventory.

Sampling and Measuring Piles of DDW

Occasionally, a great amount of DDW is found stacked
systematically, for example, in residue piles from harvesting
operations, beaver dams, and windrows. Measuring
individually stacked pieces would be time consuming and
physically impossible, so we measured the entire pile size. A
pile included all of the pieces within the pile, regardless of the
requirements for an individual piece. We measured all piles
located on any portion of the 52.7-foot fixed-radius plot
because these were expected to be rare events and because
a pile usually is easy to see. A pile was determined to have
one of four shapes: half-sphere, half-cylinder, one-half
frustrum of a cone, or irregular solid. Length, width, and
height were measured for the appropriate shape to estimate
pile volume. The minimum measurement requirement for a
pile was 1 foot.

Compiling DDW Data

The first step in data compilation for the double sampling
design is expression of sampled attributes on a per-unit-area
basis. These are then summed for a population area and
multiplied by the population’s area to obtain an attribute total.
The line transect formulas conveniently yield attribute
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where (1)
X = per-unit-area population attribute estimate,
L = length of sample transect line,
x, = measured or calculated attribute for piece i,
[;= length of piece i, and,
n = number of pieces intersecting with transect of
length L.

estimates on a per-unit-area basis (see deVries 1986, p.273):
The derivation of this formula is based on the assumption that
the pieces are randomly oriented throughout the sample area.
Pieces that fall to the ground due to harvesting, particularly
cable logging, or because of windstorms often are positioned
primarily in one direction. Warren and Olsen (1964) and Van
Wagner (1968) suggested that the effect of orientation bias
can be reduced by running sample line intersects in more
than one direction. For the Maine survey, we chose two
transects on each plot. They emanated from a common point
and were located at right angles to each other. Both
transects on a plot are considered as one line or as one 2nd
phase sample unit. Sampling with replacement was
assumed. A long piece that was crossed by both transects
was counted as an independent sample on each transect.

Volume per Acre

A number of formulas can be used to estimate cubic foot
volume depending on the assumption of the shape of the
piece. For instance, Van Wagner (1968) discussed a
simplified formula/procedure for estimating the volume per

2



unit area that assumed the piece is shaped like a cylinder. We
assumed that the shape of a piece can be characterized by
the frustum of a paraboloid, and used Smalian's formula
(Husch and others 1972) to estimate volume. This formula
requires measurement of both the large- and small-end
diameters. If diameter is measured in inches, individual piece
volume (in cubic feet) can be calculated as

-z
vV, = 8B (diz +Di2)li

where 2
v = volume of piece i (cubic feet),
B = 144, factor to convert square inches to square feet,
d = small-end diameter of piece i (inches),
D, =large-end diameter of piece i (inches), and
.= length of piece i (feet)

Letting the attribute of interest, v, be volume of the individual
piece in cubic feet, the estimator for volume per acre is:

_AnrG v,
where
V' = volume per acre (cubic feet/acre), (3)

A= 43,560, the number of square feet in an acre,

L = length of sample transect line (feet),

v, = volume of piece i (cubic feet),

;= length of piece i (feet), and,

n = number of pieces intersecting with transect of
length L.

Biomass and Carbon per Acre

Volume is converted to biomass by multiplying by specific
gravity (density) of the wood. The estimator for biomass per
acre follows directly from volume per acre:

Bzﬂ S, Y
2L i=] l

i
where (4)
B = biomass per acre (Ib dry weight per acre),
S, = density of piece based on species and decay class
of piece, and other variables as listed previously.

Specific gravity for individual species was compiled from
several sources. Specific gravity decreases as the piece
decays, so it was adjusted according to the decay class of a
piece. The specific gravity of pieces in decay class 1 are
thought to be 90 percent of that of a live tree, 70 percent in
decay class 2, and 40% in decay class 3. These estimates
are based on results of Arthur and others (1993) and
unpublished data collected on the Penobscot Experimental
Forest, Bradley, Maine. Since piece diameters also included
bark (if any), the specific gravity of the bark was assumed to
be the same as that of the wood.

In the Northeast, softwoods are approximately 52.1 percent
carbon and hardwoods are 49.8 percent (Birdsey 1992).
Carbon estimates were obtained by multiplying biomass by

these two conversion factors. Pieces of unknown type were
treated as hardwoods.

Number of Pieces per Acre

Using deVries’ (1986: 258) equation for any attribute:

Np=AzZx
22L& 1
where (5)
NP = number of pieces per acre,
x,= 1for each piece, and other variables
as listed previously

Piles

Volume of a pile of dead wood was calculated using the
equation associated with the appropriate shape (see Little
1982), and multiplied by the estimated proportion of the pile
that falls on the plot. Piles of wood naturally contain air
spaces because cylindrically shaped objects like logs and
branches do not fit together exactly. Piles of increasingly
larger pieces contain a higher proportion of air than piles of
smaller pieces. Gross pile volume as estimated by shape
volume (Little 1982) was multiplied by 0.348 to derive an
estimated net volume. For estimates of biomass, the volume
calculation was multiplied by the specific gravity for the
estimated forest type of the circular plot. Decay class 2 was
assumed. Carbon was calculated as 50 percent of biomass.

Estimating Attributes Across the Landscape

At times we could not collect data on line transects because
of deep snow or other factors. Of the 2,659 field plots on
timberland measured for standard forest inventory data, only
2,493 were measured for DDW. Figure 2 shows the location
of the plots and indicates which plots were not measured for
DDW. Although some plots in all counties were not
inventoried for DDW, three counties had noticeably fewer
DDW plots than the total number inventoried. In Androscoggin,
Knox, and York Counties, 61, 89, and 74 percent of the
inventory plots were sampled for DDW, respectively. In other
counties, more than 90 percent of the field plots were
inventoried for DDW. We expect some bias due to missing
plots, but the amount should be small for statewide statistics.

If all plots had been measured for DDW, we would have
obtained the same acreage values as those calculated by
FIA. Because of missing plots, we used a smaller 2nd phase
sample size in double sampling calculations (Chojnacky
1998). This gave a Maine timberland area of 16.856 million
acres, or 81,000 fewer acres than than the FIA estimate.
However, a 95 percent confidence interval for our estimate is
+168,000 acres, so the two estimates are comparable.

DDW was calculated for each plot-condition on a per-acre
basis using the length of line associated with each condition
in the circular plot. Both transects within the plot were treated
like one continuous transect and per-area estimates were
calculated (see deVries 1986: 255). The per-unit-area
estimates were treated as phase Il samples and combined
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Figure 2.--Location of timberland field plots.

with phase | data in double sampling. Therefore, area and transect length per plot-condition. Volume per acre can be
DDW attribute totals, including pile data, were produced calculated for a short transect length on a plot-condition, but
according to double sampling for stratification formulas the results show only the per-acre estimate, that is, they do
(Cochran 1977). Per-acre estimates were calculated by not reflect the fact that there was less transect length on one
dividing the total of an attribute by the appropriate area. Area of the plot-conditions.

for plot-level estimates was a straightforward double sampling

calculation. However, area associated with piece size or Re“ab"ity of the Estimates

species group also was calculated by first partitioning plot
area into species or size proportions. Thus, if a plot featured

only one piece, the entire area of the plot was assigned to Statistically-based data are valuable because they can

that piece and, therefore, to the species group of that piece. provide an estimate of reliability. In the tables, sampling
error, along with sample size, is presented for each estimate.

A drawback with this method is that results cannot indicate Sampling error is calculated as the square root of an

the length of sample line on which the DDW estimates are attribute’s variance (from double sampling), divided by the

based, so our estimates of precision do not necessarily reflect attribute estimate. This calculation is the same as that in.

the length of the sample transects. Instead, the estimate of FIA’s in live tree and acreage tables (see Griffith and Alerich

precision reflects the plot-condition area ratio and not the 1996). Sample size is presented as the number of ground
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plots sampled for DDW, or as the number of pieces. (This
sample size is not strictly part of the double sampling
calculations; it is included only as point of reference to
indicate plots actually measured for an attribute estimate. For
per-area-ratio estimates, n is generally the number of plots in
the area estimate of the denominator.) Each ground plot
represents a sample size of 1. When a plot has been
identified as having more than one condition, each plot-
condition is assigned a sample size equal to the ratio of the
area of the plot-condition to the area of the entire plot. For
example, a condition that occupies half the area in a plot has
a sample size of 0.5. If the line transect crossed only part of
the conditions on a plot, the DDW estimate only pertained to
that portion of the plot, and only that portion of the plot was
counted in the sample size. Thus, although 2,493 ground
plots were sampled for DDW, some plot-conditions were not
sampled for DDW. The sampled portion of the plot has a
sample size of less than 1. Because of the missing plot-
conditions, the total sample size—rounded to nearest whole
plot—is 2,455.

Confidence limits at the 67 percent (1 standard deviation)
confidence level can be estimated easily from the information
in the tables. The upper limit is equal to the sampling error (in
percent) multiplied by the attribute, and then added to the
attribute. The lower limit also equals the sampling error
multiplied by the attribute, but then is subtracted from the
attribute. Limits for other confidence levels can be readily
calculated using the information provided along with a table of
the critical values of the t distribution.

The sampling error does not indicate the degree of
confidence in the assumptions underlying the measurements
or in the calculations used to estimate the attribute (X'in Eq.
1) of each piece or pile. For instance, there is little
information on the ratio of air to solid wood in the calculated
volume of a pile of dead wood. A small change in this ratio
can have a large effect on the amount of wood volume,
biomass, or carbon in the piles.

Figure 3.--Biomass per acre (dry weight)
by forest type for DDW pieces for Maine
timberlands, 1995. Error bars indicate the
upper confidence interval for a confidence

Using the Tables

Tables 1-50 include estimates of volume, biomass, carbon,
and number of DDW pieces and piles. Total DDW is
presented in Tables 1-3; totals of DDW pieces estimated for
plot-level characteristics are presented in Tables 4-14, and
totals estimated for piece-level characteristics are presented
in Tables 15-23. Piles are tallied in Tables 24-26. The areas
associated with DDW totals are presented in Tables 27-31.
Dividing totals by the appropriate area estimate gives per-
acre estimates. Some per-acre estimates, including sampling
error and sample size, are presented in Tables 32-50.

An example of the use of per-acre data is given in Figure 3.
Spruce-fir and northern hardwoods forest types have similar
amounts of DDW biomass per acre—more than 6000 Ib per
acre each. The oak/pine forest type has the least amount of
biomass per acre, about 2200 Ib per acre.

By necessity, areas for tables featuring species group are
calculated differently from those associated with other tables.
Attributes such as forest type or county occur over a
particular area of land. Species apply only to individual trees
and it is not known how much area an individual tree
occupies. We estimate an area to associate with a species
group by proportioning the plot area by species group in
proportion to the biomass within the respective attribute
(either diameter or decay class). Thus, per-acre estimates in
the species group tables are based only on areas that
featured that type of DDW. In other words, the estimate
represents the average amount of DDW that would be
expected to occur given that DDW is known to occur in that
area. All other tables of per-acre estimates are based on
area classifications that may or may not feature DDW.

This inventory indicates there are approximately 7.2 billion
cubic feet (+ 3 percent) of volume in pieces of DDW. An
additional 1.6 billion cubic feet (! 28 percent) are in piles of
DDW. Together these contain 68.9 billion pounds (! 8%
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percent) of carbon. This equates to an average of
approximately 8,030 pounds of biomass per acre.
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Appendix
Decay classes

The following information was adapted from protocols for determining decay class that were
developed by Cline and others (1980) and those used by the Pacific Northwest Research
Station’s Inventory and Monitoring Program.

Do not kick or chop pieces to determine their decay class. First, determine whether a piece
is in decay class 4 by probing it with a metal pin (the thumbnail on a diameter tape may
work). If the piece is not penetrated through to the center, it is decay class 1, 2, or 3.
Should a piece feature more than one decay class, record only the class at the point of
intersection.

Use the following illustration and table as a guide. The illustration should be used in
conjunction with the table particularly with respect to structural integrity and texture of rotten
portions. Do NOT tally pieces in decay class 4 at the point of intersection. When tallying a
piece, note that the portion sampled ends where decay class 4 begins.

Decay class 1 Decay class 2 Decay class 3 Decay class 4

Characteristics of downed pieces by decay class

Decay  Structural Texture of Bark Remarks
class integrity rotten portions
1 Sound Intact Intact Cannot penetrate

wood with thumbnail

2 Sound to Partly soft On/off
somewhat rotten;
branch stubs
attached firmly

3 Rotten, branch Soft, perhaps Sloughing Thumbnail
stubs pull out even squishy if or penetrates easily;
moist detached bark may be intact
4 None; branch "Doughy" when Detached Bark on certain
stubs have wet, fluffy or species may be
rotted down absent intact
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13. Carbon of down dead wood by forest type group and basal area class, Maine, 1995.

14. Carbon of down dead wood by forest type group and owner group, Maine, 1995.
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15. Volume of down dead wood by species group and large-end diameter class, Maine, 1995.

16. Volume of down dead wood by species type and decay class, Maine, 1995.

17. Number of pieces of down dead wood by species group and large-end diameter class, Maine, 1995.

18. Number of pieces of down dead wood by species type and decay class, Maine, 1995.

19. Biomass (dry weight) of down dead wood by species group and large-end diameter class, Maine, 1995.

20. Biomass (dry weight) of down dead wood by species type and decay class, Maine, 1995.

21. Biomass (dry weight) of down dead wood by large-end diameter class, owner group, and decay class, Maine, 1995.

22. Carbon of down dead wood by species group and large-end diameter class, Maine, 1995.

23. Carbon of down dead wood by species type and decay class, Maine, 1995.

1 1= 8 0 42
24. Down dead wood pile statistics by county, Maine, 1995.

25. Down dead wood pile statistics by forest type group, Maine, 1995.

26. Down dead wood pile statistics by owner group, Maine, 1995.
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27

. Estimated timberland area by forest type group and basal area class using only field plots sampled for down dead wood,

Maine, 1995.

28

. Estimated timberland area by forest type group and owner group using only field plots sampled for down dead wood, Maine,

1995.

29

30

. Estimated timberland area by county and owner group using only field plots sampled for DDW, Maine, 1995.

. Estimated timberland area associated with pieces of down dead wood by species group and large-end diameter class,

Maine, 1995.

31

. Estimated timberland area associated with pieces of down dead wood by species type and decay class, Maine, 1995.

Piece per Acre (Pile Estimates Not Included)

Plot-level ClasSifiCatioN. ... .....ccoiiiiii it r ettt e e e e et n e e s s e s s s e naasaasansantansanranranranranranranrnrnrnrn 53

32

33

34.

35.

36.

37.

38.

39

40

41

. Volume per acre by down dead wood by forest type group and basal area class, Maine, 1995.

. Volume per acre of down dead wood by forest type group and owner group, Maine, 1995.

Number of pieces per acre of down dead wood by forest type group and basal area class, Maine, 1995.

Number of pieces per acre of down dead wood by forest type group and owner group, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by forest type group and basal area class, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by forest type group and owner group, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by forest type group, owner group, and decay class, Maine, 1995.
. Carbon per acre of down dead wood by forest type group and basal area class, Maine, 1995.

. Carbon per acre of down dead wood by forest type group and owner group, Maine, 1995.

. Carbon per acre of down dead wood by county and owner group, Maine, 1995.

Piece-leVel ClasSifiCatioN. .....c.cciiiiiiii it r et st s e e e s s e e e a e n e e ra et nra e n e raean 66

42.

43.

44,

45.

46.

47.

48.

49

50

Volume per acre of down dead wood by species group and large-end diameter class, Maine, 1995.

Volume per acre of down dead wood by species type and decay class, Maine, 1995.

Number of pieces per acre of down dead wood by species group and large-end diameter class, Maine, 1995.

Number of pieces per acre of down dead wood by species type and decay class, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by species group and large-end diameter class, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by species type and decay class, Maine, 1995.

Biomass per acre (dry weight) of down dead wood by large-end diameter class, owner group, and decay class, Maine, 1995.
. Carbon per acre of down dead wood by species group and large-end diameter class, Maine, 1995.

. Carbon per acre of down dead wood by species type and decay class, Maine, 1995
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Heath, Linda S.; Chojnacky, David C. 2001. Down dead wood statistics for Maine
timberlands, 1995. Resource Bulletin NE-150. Newtown Square, PA: US Department
of Agriculture, Forest Service, Northeastern Research Research Station. 80 p.

Down dead wood (DDW) is important for its role in carbon and nutrient cycling, carbon
sequestration, wildfire behavior, plant reproduction, and wildlife habitat. Down dead wood was
measured for the first time during a forest survey of Maine by the USDA Forest Service in 1994-
1996. Pieces greater than 3 feet long and greater than 3 inches in diameter at point of
intersection were measured on line transects located on standard forest inventory plots. Large
piles of DDW were sampled using the standard circular plot. The amount of DDW is presented in
terms of totals and per area estimates for volume, number of pieces, biomass, and carbon,
summarized by attributes such as forest type group, owner group, species, and diameter class.
this inventory indicates Maine's timberlands contain approximately 7.2 billion cubic feet (= 3%) in
DDW pieces, and an additional 1.6 billion cubic feet (+ 28%) in piles of DDW. DDW in piles and
pieces contains 68.9 billion pounds (+ 8%) of carbon. This is equivalent to an average of 8,030
pounds of DDW biomas per acre.

Keywords: Coarse woody debris (CWD), woody material, nontimber products, forest carbon
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