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An assessment of the impact of FIA’s default
assumptions on the estimates of coarse
woody debris volume and biomass

Vicente J. Monleon?

Abstract: Currently, Forest Inventory and Analysis estimation procedureSosdian’s
formula to compute coarse woody debris (CWD) volume and assume that logs lie
horizontally on the ground. In this paper, the impact of those assumptiordume and
biomass estimates is assessed using 7 years of Oregon’s PhaseEstatates of log
volume computed using Smalian’s formula are known to be biased, ovetiegtima
volume. On the other hand, volumes estimated from the diameterpatinhef
intersection between the log and the transect are approximately unbiegadiless of
log shape, but may be more variable. In Oregon, Smalian’s formula tvesitsd CWD
volume and biomass by 3.6 and 4.2 percent, respectively, comparedenittersection
diameter method, or 1.7 and 2.0 times the standard error of theag=s$inThe impact on
the variance of the estimates was negligible. The assumption thaielbgsizontally
would result in an underestimation of the total CWD volume. Thetisdggp this
assumption was examined under several scenarios, suggesting that timapibs
between 4.1 and 8.1 percent of the volume estimates.

Keywords: Down woody debris, line intersect sampling, Smalian'sifda, intersect
diameter, log inclination, Oregon.

Introduction

Coarse woody debris (CWD), defined as large pieces (ldgs)van and dead
wood in different stages of decay, plays a key roleosgstem structure and
function (Harmon et al. 1986). CWD may also accounafozlatively large
proportion of the total biomass and carbon pools in mamgferecosystems. In
Oregon, for example, CWD volume and biomass are estthia be 44% and
18% the net volume and biomass in live trees, respéc{idennegan et al.
2008).

The Forest Inventory and Analysis (FIA) program usesifitersect sampling
(LIS) to estimate the volume and biomass in down logs$ail¥ of the
measurement and sampling design, and estimation proceclamdse found in
Woodall and Monleon (2008). In essence, a log is talligd denterline is
intersected by the transect. Then, a LIS estimatah®total volume of down

logs from tha-th plot,7, , is:
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wherey; is the measured volume from thth log; |, cos(éfj ) is the length of the
horizontal projection of theth log's centerline [ is the length of the centerline

and ¢, its inclination);K is a constant term that depends on transect lgagtm

is the number of down logs tallied in the plot. 8stimate total biomass, the
volumey; is multiplied by the log's bulk density and byealuction factor to

account for loss of mass due to decay (Harmon €088). Once an estimate for
each plot is available, population estimates ataioéd following standard FIA
procedures (Scott el at. 2005).

Equation 1 requires that the individual log’s vokitve known, but volume is
almost always estimated, not measured. FIA cuyersits Smalian’s formula to
estimate volume for logs attributed as decay dags3 or 4 logs (Waddell 2002,
Woodall and Monleon 2008):

Vij :l{ﬂ(ﬁj Iij +7T(D—Sjj tj } [2]
2 2 2

whereDL;;, DS;, andl;; are the large- and small-end diameters and levfgtie
log, respectively. This equation is the averagthefvolume of two cylinders, one
with cross-section equal to that of the large efith@ log, and another with cross
section equal to that of the small-end. It givesvblume of a frustum of a
paraboloid and, therefore, if the log’s shape fiedint, bias would result. Husch
et al. (1972: 120) indicate that Smalian’s formelads to overestimate the
volume of logs, reporting biases as large as 128y Buggest that “Unless one is
willing to accept a rather large error, Smaliaweiula should not be used unless
it is possible to measure the sections of theitrdefoot lengths.”

Alternatively, volume may be estimated from thenaiéer at the point of
intersection between the log’s centerline and ttwesect (van Wagner 1968):

= f 2l 2| 3
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whereDl;; andlj are the intersection diameter and length of tige lespectively.
This method gives an unbiased estimate of volunitbpwt any assumptions
about the shape of the logs. It can be motivatel@sde Monte Carlo approach
to volume estimation. The volume of a log of adoiyrshape may be estimated by
taking a random sample of points along the logig@dine, measuring the area of
the cross-section at each point, multiplying byltgs length, and averaging.
Because the point of intersection is a random pamittiplying the area of the
cross-section at the intersection by the log lemgtiasically a Monte Carlo
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approximation to the volume based on a single samgdtaldwvs that the
estimator is unbiased, but it may be highly variable. Tlheggusing intersection
diameter instead of Smalian’s formula may result imggmevariance.

Equation 1 also requires knowledge of the inclination ofdgeto calculate
the length of the horizontal projection of the loggmterline. Currently, FIA does
not measure log inclination, implicitly assuming thas @ or that it can be
ignored. Logs may not lie horizontally because thetbe is not flat, they are
supported but other trees or structures, or they are snagsgleaore that 45
degrees from vertical (which are logs by FIA definitidighoring log inclination
underestimates the total volume, with the bias beingoptiopal to the reciprocal
of the cosine of the inclination. So, if the inclimatiis 10%, actual volume is only
0.5% greater than the reported volume. However, this figses to 41% when
the inclination is 100% (45 degrees).

The objective of this study is to evaluate the impat¢hefcurrent assumptions
regarding individual log volume estimation and log inclioaton the estimates of
total CWD volume and biomass in Oregon.

Materials and methods
Data

CWD data were collected in all FIA Phase 2 plots iegon, between 2001
and 2007 (7 panels). Two, 58.9 foot-long transects were measugach
subplot, for a total of 8 transects and 471.2 ft per fditthel centerline of a log
was intersected by the transect, the length, decay atabdiameter at the
intersection point were recorded. If the decay classlviasough 4, the large- and
small-end diameters were also recorded. Only logsrastland were tallied.
Details of the field procedures can be found at USDA $tdervice (2007). In
total, the dataset includes 7,115 plots (51% forested) and 58511 lo

Individual log volume estimation

To assess the effect of the method used to estimatedudi log volume,
total volume and biomass and their variances were a&sthafter computing the
volume of each individual log using either Smalian’s fornfetp 2) or the
intersection diameter formula (eq.3). Only decay clagdogs were included in
the analysis because, lacking end diameter measurerSemtian’s formula can
not be computed for decay class 5 logs. Log inclinatias set to 0 (FIA default
assumption). Estimates were obtained as describedods¥ and Monleon
(2008).

Log inclination
Log inclination was not recorded in the field, but thwosl (inclination) of the

subplot was recorded. To estimate the impact of inainatour scenarios based
on the slope of the subplot were considered. We asstiraelbgs were lying on
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the ground, so that their inclination depended only onltpe ©f the terrain and
orientation of the log with respect to the slope. €fae, the impact on the
estimates of logs that did not lie on the ground becdneseare supported was not
considered. The four scenarios were (Fig. 1):

A. Default: logs lie horizontallyd, in eq. 1 equals 0). This is equivalent to

assuming that all logs are oriented perpendicular toldipe.s

B. Log orientation is uniform, independent of the slope. Lmgyg be facing
downslope or across the slope, or in any other orientatith equal
probability

C. Log orientation is predominantly downslope, according ¢éohistogram in
figure 1.

D. Alllogs are oriented downslopé]( in eq. 1 equals the subplot slope)

Scenario D would provide an upper bound for the bias, whileasiceB, in
which the orientation of the pieces are not affetigthe slope, would be a
reasonable lower bound. Log volume was calculated frenintersect diameter,
so that all decay classes could be included. For sceraamd C, estimates are
based on the average of 1000 simulations from the app®frgorientation
distribution.

A: default
— B:uniform
— C: predominant downslope
D: downslope
Subplot aspect ——1—>
>
[&]
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Log Orientation w.r.t slope (degrees)

Figure 1: Distribution of the orientation of logs with respect to subplot slope for the four scenarios
considered in this study. For scenarios A and D, all pieces are oriented perpendicular to the slope
(-90 or 90 degrees) or downslope (0 degrees), represented here by vertical lines at those points.
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Results
Individual log volume estimation

Using intersect diameter to estimate log volume, atste the default
Smalian’s formula, reduced the estimated total CWD velom Oregon’s forest
lands by 1,378 million cubic feet (3.6%) and biomass by 11.iobmions (4.2%)
(Table 1). The practical significance of the differebe¢éwveen the two methods,
rather than its statistical significance, is mosvant in this case. Nevertheless,
the estimated differences were 10 times greater tlenrdspective standard
errors. Therefore, the difference between the paramestimated by those two
methods is highly statistically significant.

Because the estimator based in the intersection tBanseunbiased, a more
relevant comparison may be between the bias, estirbgtde difference
between the two methods, and the sampling error. Estihimas was 1.7 and 2.0
times the standard error of Smalian’s volume and biomstasates, respectively.
Therefore, the bias, not the sampling error (SE), daesnidne overall error.

Table 1: Estimated total CWD volume and biomass in decay class 1-4 down logs on Oregon forest
land, by individual log volume equation.

Individual log volume Volume Biomass
equation Total SE Total SE
-- million cubic feet -- -- million tons --
Smalian’s formula 38,170 824 267.4 5.7
Intersection diameter 36,795 798 256.2 5.4
Difference -1,378 138 -11.2 1.0

The estimate of log volume using Smalian’s formula nm&ajebs variable
than that from using the diameter at the interseciibie. results from this analysis
indicate that, at the scale of this study, any effe¢herSE of the estimate is
negligible. The SE of the intersection diameterhodtwas 798 million f while
that of Smalian’s formula was 824 milliori.fHowever, the estimated volume
and biomass were also greater when using Smalian’s forRelative to the
estimates of the total, the SE was almost idenbieadeen both methods: 2.160%
(Smalian) and 2.170% (intersection) for volume, and 2.118%ali&n) and
2.126% (intersection) for biomass.

Log inclination

Accounting for the effect of plot slope increased tten@ated CWD volume
between 1.72 and 3.38 billior?for 4.1 to 8.1 %, compared with the current FIA
default scenario (Table 2). The magnitude of the diffexdocscenarios B, C and
D was 2.0, 2.7 and 3.9 times the SE of the default scemaspectively.
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Table 2: Estimated total CWD volume in down logs on Oregon forest land, by log inclination
scenario. Volume was calculated from the intersection diameter, all decay classes included.

Volume Difference
(billion ft °) with scenario A

Scenario Total SE Total %

-- billion cubic feet -- -- billion cubic feet --
A: default 41.92 0.86
B: uniform 43.64 0.90 1.72 4.1
C: predominantly downslope 44.21 0.92 2.29 5.5
D: downslope 45.30 0.94 3.38 8.1

Discussion

The assumptions evaluated in this study, regarding individgasolume
estimation and piece inclination, had a very signifiefect in the estimation of
total CWD volume and biomass in Oregon. Standard samplish@stimation
procedures implicitly assume that the measurement @nbbias are negligible
compared with the sampling error. In this study, howeher magnitude of the
estimated bias was several times that of the estihsapling error, a result that
has important consequences for estimation. For exaogiéidence intervals
constructed with biased totals and their standard errorsivbeulinreliable,
because the true coverage is much less than the narowrehge.

The trade-off between sampling error and measurementi®gends on the
sample size. While sampling error decreases as samplesreases, the bias
does not. For regional studies that include a large numipotsf such as this
study, the sampling error is very small and bias dominkt@gertheless, the
estimated magnitude of the biases (over 4% of the estilwatue in most cases)
seems significant enough to be of concern even for guesnvolving much
smaller areas and sample sizes. Reducing the bias n@yearchanges in
measurement techniques and protocols, which in some mase®sult in higher
costs. However, there is a balance between allacegsources to increase the
sampling size or reduce the measurement error, and lptbtashould be
considered.

Regarding the method used to estimate individual piecenelboth
theoretical and practical results support the use ofat@mat the intersection
point. Neither Smalian’s nor the intersection pointhod requires the
measurement of the length of individual pieces, becédneskength I§) factors out
of egs. 2 and 3. However, the intersection diametenadednly requires the
measurement of a single diameter and avoids havingve e transect path to
measure the diameters at both ends of the piece. Etigohis unbiased and, at
the scale of this study, the impact on the varianoeggigible. Additional
assessments using individual plots did not seem to indioaased variance
when using intersection diameter, compared with Smaliimimula. The
diameter at the intersection method attempts to attithe average cross section
of all the pieces. Thus, the rate of convergence igdry the number of
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intersections between transects and logs, not by timdewof plots. Therefore, as
long as a moderate number of intersections are incltidedynbiased intersection
diameter method is likely to perform as well as otdye¢han Smalian’s formula.

Accounting for log inclination may require additionaldieneasurements.
However, ignoring this variable would have a very sigaificimpact on the
estimator, at least in mountainous areas such as Qrégerassumption that the
orientation of the logs is uniform with respect to shape (scenario B) seems to
be a realistic lower bound for the bias caused by iggdoig inclination. Even
then, the estimated bias was 4.1% of the total volurded@mes the estimated
SE. The actual bias due to ignoring log inclination is {ikelbe greater than that
reported in this study, because the scenarios ignoredfélce & leaning snags or
supported logs. Supported snags are likely to be more fredtemdliaturbances
such as hurricanes, so ignoring log inclination may sobatly underestimate
the disturbance impact. This study suggests that measusedietted to
reducing this bias may be a reasonable allocation ofiress, even at the cost of
reduced sample size or transect length.

Biases and differences between methods have been @xhwoitin the
estimated totals and their standard errors. To put tiguse$ in perspective, the
estimated differences can be compared with statewitb®camissions in the
State (Table 3). Depending on the assumption considéedjfterence in the
estimated carbon pools in CWD ranged between 32 and 65%t#he t
anthropogenic carbon emissions in the state in 2000, hgimiggthe importance
of accurate measurements of pools such as CWD at tiomaktgvel.

Table 3: Comparison between current carbon estimates in CWD and 2000 Oregon emissions.

CO; equivalents Percent 2000 OR
CO, emissions ?

- million metric tons - --- percent ---
Current estimate 505.8
Intersect diameter -19.3 32.4
Inclination:
B: uniform +19.8 33.2
C: pred. down +26.3 44.1
D: downslope +38.8 65.0

®Emissions estimated at 59.54 million metric tons of CO2 equivalents. Source: Oregon Department
of Energy, http://oregon.qgov/ENERGY/GBLWRM/Oregon Gross GhG _Inventory 1990-2005.htm,
accessed on October 10, 2008.
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