Estimating Aboveground Biomass for Broadleaf
Woody Plants and Young Conifers in Sierra
Nevada, California, Forests
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Quantification of biomass is fundamental to a wide range of research and natural resource management goals. An accurate estimation of plant biomass is
essential fo predict potential fire behavior, calculate carbon sequestration for global dimate change research, assess crifical wildlife habitat, and so forth. Reliable
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iomass estimation is an essential part of many research pro-

grams because of its relevance in several fields and the fact

that direct measurements of biomass are destructive and
work-intensive. Land managers rely on allometric relationships be-
tween biomass and easily obtained plant dimensions, such as stem
diameter, canopy diameter, and canopy height, to inventory and
monitor natural resources. Developing allometric relationships be-
tween casily measured parameters and shrub biomass has been par-
ticularly important in ecological studies of productivity (e.g., Whit-
taker and Woodwell 1968), wildlife habitat (Marshall et al. 1990),
and forest restoration (Hughes et al. 1987). Fire behavior specialists
use biomass regressions to formulate fuel models that, when inte-
grated with fuel moisture, weather, and topography, help to predict
potential fire behavior. In part because of their multistem form and
diverse branching partterns, shrubs and hardwood trees are difficult
to predict. To varying degrees, many conifer species also have com-
plex shrublike morphologies when they are young and reladvely
uniform stems and radially symmetrical branches at middle age,
until eventually fire, herbivory, and pathogens result in complex
morphologies.

The goal in developing biomass regressions is to accurately pre-
dict biomass from easily sampled plant measurements. For shrubs,
stem diameter or basal area, crown diameter, crown area, plant
height, crown volume, and other measurements have been used as
independent variables in biomass regression equations (e.g., Gholz

allometric equations from simple field measurements are necessary for efficient evaluation of plant biomass. However, allometric equations are not available
for many common woody plant faxa in the Sierra Nevada. In this report, we present more than 200 regression equations for the Sierra Nevada western slope
that relate crown diameter, plant height, crown volume, stem diameter, and both crown diameter and height to the dry weight of foliage, branches, and entire
aboveground biomass. Destructive sampling methods resulted in regression equations that accurately predict biomass from one or two simple, nondestructive
field measurements. The tables presented here will allow researchers and natural resource managers to easily choose the best equations to fit their biomass

et al. 1979, Smith and Brand 1983, Ross and Walstad 1986). For
conifers, stem diameter, stem area, and stem circumference have
been widely used (e.g., Jenkins et al. 2004).

Several authors have published biomass regression equations for
western North American species of broadleaf woody plants
(Chojnacky 1984, Hughes etal. 1987, Vora 1988), conifers (Krum-
lik 1974, Fujimori et al. 1976), or both (Gholz et al. 1979, Ross and
Walstad 1986). Means et al. (1996), Ter-Mikaelian and Korzukhin
(1997), Smith and Brand (1983), and Jenkins et al. (2004) have
compiled equations from several sources. Few of these studies pro-
vide equations that estimate biomass by branch size class, a useful
variable for fire behavior models (Reinhardt et al. 2006).

In this article and on our web page (McGinnis and Keeley 2010),
we present biomass regression equations for 20 common shrub and
tree genera, plus several groups of related species from mid-elevation
Sierra Nevada coniferous forests that experienced stand-replacing
fires in the last 20 years. These equations relate crown diameter,
plant height, crown volume, and stem diameter to dry weight of
foliage, branches, and entire aboveground biomass. Although con-
siderable research has been done by other scientists estimating the
biomass of individual tree and shrub species, few studies have used
regression equations to predict the biomass of the common woody
plant species in western slope Sierra Nevada forests. Also, to our
knowledge, we provide the first published regression equations that
use crown diameter to predict biomass of A. concolor, Calocedrus
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decurrens, Pinus jeffreyi and Pinus lambertiana, expanding the field
collection methods available to scientists and managers who wish to
measure conifer biomass in a nondestructive manner.

Materials and Methods
Study Areas

Study sites were located in the northern, central, and southern
regions of the Sierra Nevada, on the western slope (Figure 1). All
but one of 34 collection sites experienced a stand-replacing fire
within the last 20 years (one site did not recently burn, but herbi-
cide application resulted in <20 year-old shrubs). The three burned
areas in this study, from north to south, were (a) the 2001 Star Fire
area (39.1°N, 120.5°W, Tahoe and Eldorado National Forests),
(b) the 1987 Stanislaus Complex (37.9°N, 120.0°W, Stanislaus
National Forest), and (c) the 2002 McNally Fire area (36.1°N,
118.3°W, Sequoia National Forest). Collection sites were located in
both untreated and postfire-treated areas. The US Forest Service
prepared and maintained conifer plantations in many of these areas
using a variety of postfire shrub removal treatments, including deep
tilling (Stanislaus National Forest), scraping by hand and heavy
equipment (all forests), prescribed burning (Stanislaus National
Forest), and spraying herbicides (Stanislaus and Eldorado National
Forests).

Shrub and Conifer Biomass

Common shrubs and hardwood trees were collected from the
three Sierra Nevada regions in the montane coniferous zone. These
broadleaf plants were collected in summer-autumn 2007, when
leaves were mostly mature. Specimens were <3 years old to approx-
imately 20 years old. Conifer seedlings and saplings were collected in
early summer 2008, when foliage was not fully exerted. Conifers up
to 1.4 m tall were collected only from plantations on the Eldorado
National Forest (A. concolor, 0.17-1.19 m, C. decurrens, 0.35—
0.85 m, P. jeffreyi, 0.14—1.02 m, and P. lambertiana, 0.14-1.44 m).
Shrub and hardwood tree collection sites were randomly selected
from both conifer plantations and untreated stands delineated in a
related study (McGinnis et al. 2010). The shrubs and hardwood
trees in these sites represent the wide range of morphologies and
sizes throughout the Sierra Nevada western side, growing in isola-
tion and in densely populated stands. Within each site, a single
specimen of each common species (known from previous sampling
in the area) was randomly selected by pivoting a 100-m tape measure
in a random direction, then locating the common woody plant
nearest 2 random number on the tape measure. To ensure a range of
plant sizes, we randomly selected a new sample if we already had
representatives from the size first selected. For broadleaf plants, this
sampling scheme resulted in more specimens of wide-ranging spe-
cles, as they occurred in more plots than less ubiquitous ones. Also
for broadleaf plants, random sampling ensured the selection of
plants that were both impeded and unimpeded by surrounding
vegetation and obstacles, so that the our biomass predictions would
be applicable anywhere in the study area. However, for conifers,
which were sampled only in plantations with adequate spacing and
few shrubs, these equations only represent plantation conifers with
little competition.

Once the plant had been identified by species, the geometric
shape of the plant was recorded, and crown volume was estimated
from a common geometric formula (sphere, circular frustum, etc.)
along with measurements (excluding unusually long branches) of

204 WEST. J. APPL. FOR. 25(4) 2010

Star Fire

Stanislaus Complex

McNally Fire

Figure 1. Map of the biomass collection sites in California’s Sierra
Nevada.

total plant height, maximum width, and width perpendicular to the
maximum. Crown diameter (mean canopy breadth) was the average
of the maximum width and the width perpendicular to the maxi-
mum, as per Ross and Walstad (1986). For conifers, stem diameter
was also measured at the soil surface. Plants were cut at the soil
surface and placed into bags. All aboveground biomass was collected
from small plants, but only a fraction of large specimens was col-
lected, based on visual estimation. This fraction was recorded and
the biomass of the total plant was later estimated from the fraction
collected.

Specimens were dissected into live and dead leaves and branches,
and branches were further subdivided by size class (<<0.64,
0.64-2.53, and 2.54-7.6 cm), which, if dry, would represent 1-,
10-, and 100-hour fuel classes used in fire behavior models (as per
Brown 1974). Foliage plus a fraction of the finest live branches are
considered to be “available live fuel” (e.g., Reinhardt et al. 2006).
Only foliage, <<0.64 cm branches, and total aboveground biomass
are reported here, as these are the most widely used values for fire
behavior modeling and carbon load calculations; additional size
classes are reported on our web page (McGinnis and Keeley 2010).
Flowers and fruits were excluded to ignore differences in phenology.
Subsamples were randomly selected, weighed, dried in an 80°C
oven, and reweighed to determine moisture content and oven-dry
weight of the entire sample.

Statistical Analysis

We used Systat (version 11) statistical software to compute re-
gression equations for natural-log-transformed independent and de-
pendant variables. Regression equations were developed for each of
the following independent variables: average crown diameter, plant



Table 1. Regression equations for aboveground biomass of broadleaf shrubs and trees in northern (N], central (C), and southern (§)

Sierra Nevada western slope collection sites.

Crown diameter (cm) Planc height (cm) Crown volume (m?) Crown diameter and planc height (cm)
Standard Standard Standard Standard
Species, Site(s), and P error of P error of P error of P Adj.  errorof
Biomasstype NV a b value R estimae CF a b value B ostimae CF  « b value R estimace CF a by b, value RZJ esimate CF

All broadleaf species listed below plus those listed in the table heading (collection sites: NCS)

<0.64cmlive 147 —4254 2,121 <0.001 0.869 067 125 —13597 1.557 <0.001 044 137
Live foliage 143 —4.168 1.889 <0.001 0.685 103 1.69 —2076 1461 <0.001 040 142
Total biomass 147 —4.305 2.312 <0.001 0.868 073 130 —2.062 1.863 <0.001 033 137

Avctostaphylos patula (collecdion sites: NS)

<0.64 cm live 18 —3.844 2.042 <0.001 0930 032 105 —0.966 1.368 0.001 048 087
Live foliage 18 —6.008 2,611 <0.001 0942 037 107 —2208 1.714 0.002 047 112
Total biomass 18 —4218 2.383 <0.001 0950 031 105 —1.002 1.638 0.001 052 097

Arctostaphylos viscida (collection sites: C)
<0.64 cm live
Live foliage
Total biomass

Ceanothus cordulatus (collection sites: NS)

<0.64 cm live 19 —4912 2295 <0.001 0883 0.56 1.17 —4.506 2.611 <0.001 063 1.00
Live foliage 18 —7.693 2,579 <0.001 0.874 0.67 125 —6401 2728 0.001 054 129
Total biomass 19 —6.025 2653 <0.001 0902 039 119 —5557 3.019 <0.001 0.64 112

Ce 7 s and (e pinetorum (collection sites: NCS)
<<0.64 cm live 8 —3.406 2016 0002 0821 033 115 0780 1212 0.040 053 085
Live foliage 8 —4.539 2.115 0004 0777 0.63 122 —1.039 1.540 0.006 074 0.69

Total biomass 8 —3.326 2120 0.001 0.846 0350 113 0.803 1.356 0.020 062 079

Ceanaths integerrimus (collection sites: NC)

<0.64 cm live 10 —2.194 1.720  0.001 0747 073 131 —0.840 1471 0024 049 1.03
Live foliage 10 —4541 1.849 0.003 0690 090 150 —4.185 1.812 0009 0.60 1.03
Total biomass 10 —3.000 2,051 <0.001 0.823 0.69 127 —2509 1.989 0003 0.70 091

Chrysalepis sempervirens (collection sites: NS)
<0.64 cm live

Total biomass

C and (J paryi (collection sites: CS)

<0.64 cm live 8 —3.502 1.954 <0001 0905 0.63 122 —7.069 2681 0010 0.70 112
0002 0.827 075 132 —6404 2327 0011 069 1.01
0.001 0.839 099 163 —8.690 3265 0008 072 131

Live foliage 8 —3.069 1.637
Total biomass 8 —3.871 2.263
Prunus emarginata (collecton sites: N)
<0.64 cm live 6 —3.086 1.780
Live foliage 5 —10.083 3.006
Total biomass 6 —3.370 1.970
Quercus chrysolepts, Quercus kellaggis, Quercus vaccinifolia, and Quercus wislizendi (collecdon sites: NCS)

0035 0817 1.17

<0.64 cm live 11 —3.896 1.995 <0.001 0847 0.82 140 0421 1.059 0.116 025 181
Live foliage 11 —4.035 1.960 <0001 0.862 0.76 133 —0317 1154 0073 031 169
Total biomass 11 —3.669 2216 <0001 0946 051 114 —0238 1472 0026 044 165

Q. kelloggii (collection sites: NC)
<0.64 cm live
Live foliage
Total biomass

Ribes (currant and gooseberry) (collection sites: NCS)

<0.64 cm live 18 —4.318 2.094 <0001 0.847 0.76 133 —7.644 3.015 <0001 0.68 1.10
17 —6.576 2293 <0001 0836 0.82 140 —9.646 3.187 <0.001 072 1.08
Total biomass 18 —4.859 2344 <0.001 0844 086 144 —8.709 3.409 <0.001 069 121

Live foliage

Symphoricarpos sp. (collection sites: NS)
<0.64 cm live 11 —6.141 2.548
Live foliage 11 —8.378 2.648
Total biomass 11 —6.840 2.784

0018 0480 090 149 —0482 1.445
0043 0382 1.14 191 —1.586 1.235
0015 0497 095 157 —0442 1515

7 —4250 2.125 0.001 0921 068 126 —5.706 2374 0.002 086 0.89
7 —3080 1914 0.003 0.854 086 144 —4.093 2.069 0012 075 112
7 —4315 2484 <0.001 0944 0.66 124 —5.584 2.697 0.004 0.84 1.12

6 —3.657 1.963 <<0.001 0972 023 103 —3.940 2146 0.047 067 079
Live foliage 5 —2918 1.811 0.100 0.648 046 111 0.047 1.147 0481 018 071
6 —4.965 2.533 <<0.001 0966 033 105 —6.019 2960 0024 076 0.87

0002 0925 036 107 —5538 2308 0110 051 092
1.99 —20.045 5.162 0.089 067 157
0003 0913 044 110 —6.683 2691 0086 056 098

6 —3.537 1.829 0001 0962 029 104 —1.608 1342 0036 071 079
6 —35.602 2184 <<0.001 0988 0.19 102 —3.662 1.677 0017 080 0.78
6 —3.393 2109 <0001 0984 021 1.02 —1.936 1.705 0006 0.88 038

0047 037 099
0.168 020 130
0034 035 108

256 6362 0.739 <0.001 087 066 125 —4250 2.124 —0004 <0.001 0.87 067 125
272 5297 0.662 <0.001 070 1.00 165 —4363 1.754 0193 <0.001 068 102 169
255 7.278 0.812 <0.001 088 069 127 —4658 2079 0336 <0.001 0.88 071 128

146 6.147 0.644 <0.001 091 037 107 —3949 1937 0143 <0.001 092 033 105
1.88 6753 0.819 <0.001 091 047 112 —6095 2524 0.118 <0.001 094 038 107
160 7439 0.750 <0.001 092 039 108 —4396 2204 0224 <0001 095 030 105

148 6188 0.741 <0.001 095 055 116 —4073 2305 —0214 0006 0.88 076 133
1.88 6.331 0.671 0.001 0.89 075 132 —1.832 3.192 —1514 0015 081 089 148
1.87 7.868 0.858 <0.001 095 0.60 120 —2.892 3941 —1726 0.001 094 060 120

165 6644 0.812 <0001 089 055 116 —35909 1.903 0715 <0.001 0.89 052 115
228 5292 0919 <0001 089 064 123 —8228 2370 0382 <0.001 0.86 068 126
1.88 7.334 0.939 <0001 091 057 118 —7179 2199  0.828 <0.001 091 054 115

143 6591 0.606 0005 075 0.62 121 —3416 2.026 —0.009 0014 075 058 118
126 6051 0671 0003 079 061 120 —3.717 1293 0761 0010 078 059 119
137 7233 0654 0002 082 055 116 —3.083 1.877 0225 0008 079 054 116

1.71 6365 0.618 <0.001 081 0.63 122 —2282 1.659 0081 0008 068 078 135
1.70 4661 0.670 0001 076 079 137 —35323 1309 0715 0011 065 091 151
1.51 7200 0.725 <0001 087 0.60 120 —3.807 1494 0738 0001 082 066 125

136 6470 0.746 0001 096 028 104 —3.747 1918 0072 0005 095 026 103
128 6394 0.673 0062 074 040 108 —5774 1713 0860 0253 049 048 112
146 8099 0961 0001 095 041 109 —5807 2112 0677 0003 097 029 104

1.88 6.350 0.721 <0.001 090 0.65 124 —4497 1705 0467 0002 088 067 125
166 5207 0612 0001 084 071 129 —4459 1280 0653 0010 078 078 135
236 7.563 0.844 0001 085 095 157 —6.128 1.698 1060 0.007 081 100 165

153 5.693 0594 0006 088 046 1.11 —1018 2190 —0860 0012 091 035 106
343 4810 1.082 0016 089 091 152-11353 2760 0525 0181 064 143 278
161 6375 0672 0003 091 045 111 —2176 2215 —0512 0023 087 048 112

5.15 6008 0.688 <0001 0.83 087 146 —2928 2.693 —0908 <0.001 091 060 1.19
4.14 5703 0.684 <0001 0.86 076 133 —3360 2447 —0633 <0.001 0.88 067 125
3.88 7.340 0774 <0001 095 051 114 —3313 2473 —0334 <0.001 095 049 1.13

137 5508 0.575 0004 090 047 112 —3593 2454 —0583 0002 097 022 1.02
1.36 5209 0.697 0001 095 038 108 —5623 2425 —0225 0001 098 020 1.02
1.18 7.059 0.685 <0001 098 023 103 —3362 1763 0322 0001 098 020 1.02

1.83 6291 0.766 <0.001 084 078 135 —6079 1.640 0923 <0.001 085 072 129
179 5013 0.822 <0001 082 086 145 —8476 1.672 1140 <0.001 0.85 077 134
208 7.023 0.858 <0.001 0.84 087 146 —6998 1794 1121 <0.001 0.86 080 1.38

163 7132 0947 0002 068 070 128 —6593 1931 0883 0028 049 084 143
231 4952 0.820 0044 038 114 192 —8677 2241 0583 0115 027 117 199
1.78 7.550 0995 0003 065 079 136 —7294 2165 0885 0027 049 090 150

The equation form for a single independent variable is ¥ = exp[« + & n(x)], where x = independent variable (crown diameter, planc height, or crown volume). The equation form for crown diameter and plant
height together is ¥'= exp[a + &;In{crown diameter) + #,ln(height)]. Crown diameter for these equations was defined as 0.5 * (maximum crown widch + perpendicular crown widch), buc for efficiency in using
these equadions in the field, only one average diameter measurement is needed. All resules are based on nacural-log-transformed independent and dependenc values. Predicted biomass should be multiplied by the
correction factor (CF) to correct for log bias, as per Sprugel (1983). All broadleaf species (first set of equations) includes all the species listed in the first column, plus the following: Ce neatus, Cl 73
Jotiolosa, Eriodictyon californicum, Heteromeles arbutifolia, Nama lobbii, Purshia tridentata, and Toxicodendron diversilobum.

height, crown volume, and both crown diameter and plant height.
An additional independent variable for conifers was stem diameter
at the soil surface. Dependent variables included live foliage; dead
foliage; all foliage; live branches <0.64, 0.64-2.53, and 2.54—
7.6 cm; dead branches for these size classes; and total biomass.
Specimens that did not have a biomass category (e.g., larger branches)
were not included in the regression equations (zeros were excluded).
The following simple linear regression formula was used to predict
biomass (Y), in grams, for individual species and multiple-species
groups:

Y=expla + & *In(x)], (D

where x is the independent variable.

The muliiple linear regression formula (where diameter and
height were used to predict biomass) was in the following form:

Y = expla+ b, * In(crown diameter) + &, * In(height)] (2)

Results

More than 400 regression equations were developed to estimate
oven-dry weights of foliage and branches from 20 common broad-
leaf and coniferous woody Sierra Nevada plant species, plus addi-
tional groups of species. Tables 1 and 3 include 231 of these equa-
tions that would be most useful for fire behavior fuel modeling and
carbon load assessments. Tables 2 and 4 list the range of plant sizes
sampled and equations for calculating lower and upper biomass
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limits at 80% confidence. The entire set of equations and biomass
predictions with lower and upper limits is available on our web page

{(McGinnis and Keeley 2010).

Mean R? values for broadleaf taxa were 0.85—0.87 for crown
diameter, volume, and crown diameter and height together. In con-

trast, height was the poorest predictor of biomass for broadleaf taxa,
mean values of 0.93 for crown diameter and diameter and height

together, 0.80 for height, 0.81 for volume, and 0.84 for stem diam-
eter. More than half of the equations were highly significant (P

0.001 or lower, as shown in the tables).

D

with a mean R® of 0.62. R* values were higher for conifers, with

Iscussion

Regression equations presented here and on our web page

{(McGinnis and Keeley 2010) can be used to calculate the total

Regression equations using crown diameter, volume, and both
crown diameter and height as predictors of broadleaf-woody plant

biomass exhibited the best fit models. However, as others have in-
We compared our equations with other published equations and

braches, medium branches, total aboveground biomass) of com-
mon Sierra Nevada woody plant species. With the choice of
generic equations for conifers and broadleaf woody plants, vari-
found that for conifer foliage biomass, our equations for small trees

We also compared our total aboveground biomass predictions
with predictions from Oregon (Ross and Walstad 1986) for six
shrub taxa and using crown diameter and crown volume as inde-

ous multispecies groupings, single species from a broad area, and
tions that most closely calculate biomass of the plants and areas

of interest.
dicated, volume is a labor-intensive field measurement; therefore,

crown diameter or crown diameter and height together are prefera-

ble for efficiency when hundreds of field measurements are to be
collected. Stem diameter is the most common independent variable

in conifer equations (e.g., Jenkins et al. 2004, Tinker et al. 2010);
however, crown diameter is just as easily obtained, and in our equa-
tions it resulted in better fit for the plantation seedlings and saplings.

Multiple linear regressions with crown diameter and height also

resulted in excellent fit.
et al. 2004). Our equations, with the independent variable of stem

biomass and many individual components (e.g., foliage, fine
single species from a specific location, users can select the equa-
supplement commonly used equations from larger trees collected in
Oregon (used in Gholz et al. 1979, Means et al. 1996 and Jenkins
diameter at soil surface, resulted in approximately the same biomass
predictions as the equations from Oregon specimens using dbh as
the independent variable; for example, our estimates for P. jeffreyi
foliage fell between values from two equations for Pinus ponderosa
in Oregon (Fig. 2). These results indicate that the equations from
Oregon are good predictors of these taxa in the Sierra Nevada and
should be used for predictions from dbh, whereas our equations
would be applicable to seedlings and saplings shorter than breast
height. Here we assume that the relationship between stem diameter
at soil surface and foliar biomass of small conifers is approximately
the same as the relationship between dbh and foliar biomass of large
conifers. In addition to adding new ways of measuring small trees for
determining biomass, this study also adds a common western tree
species (C. decurrens) and includes additional biomass categories
used in fire behavior modeling.

pendent variables (Fig. 3). Using crown diameter as the independent
variable (Fig. 3a), four of the six taxa in our study had predictions

(€861) ﬁuw:\&m 12d se ‘serq wﬁ 10 3021100 03 (;[1)) TOIDE] UOIIDIIIOD Y \E ﬁu:mE:ﬁ: 9( PINOYS SSBUTOI(] PIJIPaT ] "SaN[BA ucuﬁ:umuﬁ pue ucuﬁ:umuﬁi ﬁuﬁcucmm:.mbvwcﬁvﬁmbdm:

TO Pase( 2Te SIMSII [[ "PAPA2U ST JUDUDINSEIW IIUBIP o3eraae suo ﬁ:c ‘PIPY 242 ur suonenba pieien] Sursn ur \Au:umuau 10§ INQ ‘(YIPIM UMOID ujzu%:umuum + IPIA UMOID WNWIXEW) % '() SB PIUYIP Sem suonenba 9831 JOJ IANIWEIP UMOIT) ﬁ?ﬂwmuﬂv:mm\ + (10wWerp
umon)ulty + meu =48 uuﬂuuwcu uﬂwmuﬂ 9211 PUE I212WETP UMOID JOJ WIOY uonenba Oy [, " (S0BJIMNS [0S JE IIDTUEIP WIS IO DWMN[OA UMOID Jﬂwmuﬂ 2213 ‘IDIDWEIP UMOID) J[(EITEA ucuﬁ:umuﬁi = x a1ym [(X)ulq + meu = A SIo[qerrea ucuﬁ:umuﬁi uﬁw:mm ® 10J WI0J uomnenba YT,

T0T 610 86°0 100°0>908'1 890 €81°6— SO'T  TEO0  $6°0 10000> 0¥FC 00T°¢€ €O ¥TO0  L6°0 100°0> LE60 €262 TO'T  0TO 860 1000> 9%¢T #09— SOT  0€0 960 100°0> 860°C 80LT— §  SSBWOK] [€10],

TOT  TTO  L60 T00°0> FSET €560 LEOS— L0 9€°0 €60 100°0> €5€°C S19T €01 TTO  L6°0 100°0>TI60 612 €O 9T0 L6'0 100°0> 9%T LZI€9— F0'T  8T0 960 1000> 8%0°C 181'¢— 8 er]of 241

20T 170 L6°0 T00°0> 68€'T 9690 LLTS— LOT  9€°0 TGO 100°0> 180°C 8841 €01 ¥T'0 960 100°0> 180 I¥8°S TOT TTO 60 100°0> L61°T TIT9— ¥OT  LTO  $6°0 100°0> 6181 €LE¢— 8§ RAMUWDF9°0> PUpiGuv] |

60’1 THO 960 100°0> 6060 986’1 L¥F9— FO'T  8T0 660 100°0> 05€°T 8ET'E €F'T  $8°0 /80 1000 TL80 8652 60°T  €¥°0 960 1000> 91T¢ 885'8— 80T  0F¥0 L60 10000> ST 8FS'S— §  SSBWON] [010],

80'T  6£0 960 10000> €ET'T ¥I9T #£99— SOT  €€0 860 10000> 981°C £85T €€°T  9L0 880 1000 6180 9529 60'T €70 960 100°0> 600°¢€ S6€8— 80T  6£0 L60 1000> 195C €T96— 8 er]of 241

YIT TS0 060 1000 €450 8TST 19€¢— $0'T  8T0  £60 10000> 8¥L'T 0FST SE€'T 840 080 €000 £TY0 $08% ¥I'L TS0 160 10000> 6¥€T 1669— CTI'L  8F0 €60 10000> L00T 08LF— 8 RAUWIF970> wouffol -

YO'L 6T0 TGO €000 FFO-SI9T $68T— FI'T TS0 640 L0000 8EO'T T0TE TFT €80 9%0 T60'0 9€¢50 €9 16T 160 90 IST'0  THI'T 8ETH— 0T 8TO %60 1000> TOP'T LOGE— L SSEWOK[EIO],

YO 8T0 €60 TO00  SE0-565T 199¢— 61T 650  FL0 €100 LL6'1 TILT 6€1T 180  6%0 82000 9850 £L6°S 05T 060  6€0 LET°0  S1TT 968F— ¥0'1  LT0  $6°0 10000> 9TH'CT 19¥%— £ er]of 241

20T 8€0 T8O FI00  STOHLELT SS6€— FTT 990 €60 S50°0 6LF'1 ¥LS°T €T 90 0%0 9T1°0  TEF0 THOY 9€1T  6£°0  L£0 ST°0 ¥98'1 126F%— 901  FHE0 880 TOOO LI0T 1TEy— L RATUW2F970> SUSALNIIP )

90'T  $€°0 S6°0 1000> SST—STF 861°6— SCT 840  6L°0 €000 HOT'T T8LE 90'T  $€°0 960 100°0> 8€6°0 €18°L €T ¥90 980 1000 TTTT €9T%— 80T 6£0 S$6°0 10000> $L6T LL0S— 8 SSEWOI [€0],

L0T LE0 F6°0 10000> 86'1-C09F 9T€S— SET 840  LL°0 ¥000 TTOT 9T€¢ 80T 6£0  ¥6'0 10000> €06'0 60TL LTT 690 T8O TOO0 T1IIT $IE€F— 0L ¥H°0 €60 1000> ILFT €L1S— 8 er]of 241

YOT LTO 960 10000> TTO—L9ST L0L6— 1€T €40 9470 000 ¥¥81 $TET €01 9T°0  L6°0 100°0> THE0 8E€6'S 60T THO TGO 100°0> 850°CT THI'S— €0 STO  L60 100°0> LTET 689°6— 8§ AW F970> 40J0IU07 Y
vupiequr]

pue

80'T  6£0 $6°0 10000> 1€9°0 THO'T TEOS— ST'L €50 160 100°0> L91°C LEV'E 0TT  09°0 8870 10000> 6980 L£9L 1TT  TY0 80 100°0> 89%'T €0¥'S— 60'T  THFO %60 1000> €167 SHSy— [ SseWonq [eo], wosffol g

80°'T  0F°0  ¥6'0 1000> SFF0 P61 658F— LT'T 650 880 100°0> $00T €96'C LI'T  95°0 8870 1000> %180 889 ITT TY0 $8°0 1000> £8TT 1€TS— 60'T  1¥F0  ¥$6'0 100°0> 0S€°T 918y — 1€ er]of 241 SUIANITY )

80'T 80 TGO 100°0>979°0 98%'1 €FI'S— TTL €90 080 100°0> 8891 916'L 0TT 090 T80 1000> %690 1¥TS ST'T €50 980 1000> TEOT 9THS— 60'T  1F0 TGO 100°0> €50°T 099%— 1€ =AM U2 390> “4ejosnos 'y

JO) MWy onEag Y9 lq 4 I WSy oNEAJ ¢ 4 I WSy onEAg ¢ 4 I WSy onEAg ¢ 4 ID WSy onEAd g 4 N adha soradg

Jo 10112 um:% Jo 10112 Jo 10112 Jo 10112 Jo 10112 ssewrorg
prepuelg prepuelg prepuelg prepuelg prepuelg
(wo) uﬂwmuﬂ 9211 PUE I2DWEIP UMOIT) (o) 20BLINS [IOS IB IDWEIP WG F.Ev WNJ[OA UMOIT) (wo) uﬂwmuﬂ 2217, (WD) INJWETP UMOI)

*a}ls UOYD3|[0d 3dOjs UISISAM DPDASN DIISIG UJSYHLIOU Sy} Ul SI34IU0D 4O sspwolq punoiBaroqp 1oy suoypnbs uoissaibay ¢ 9|qo)

207

WEST. ]. ApPL. FOR. 25(4) 2010



\ \
\ ¥ 3
— \ Y
g \ I
k| y ~ 3 !
E Y ) & |
3 : Y &
= i k] = \
2 | = z. i <
Z \ 2 = §
F o - g
= Z = iy
52 / # 5 \
PR | 35 ¥ \
g g ' HEd gz
Ly R 22 [
3 & | T2 T Y
B SEE £t |
i8 its c s \
i3 5iyg £g i
=8 S &
ER a5 =R 1
e e € 3
=2 ZF A ER]
5% ER 2 s
£ 5 el =
R =8 g3
= a3 D &E
S £
35 522 g L
S EVE e
g P RS
55 583 T 9
2T ¥e3 g =
£y E 3 £ ¢
5 55 g8
k] XER S o
28 283 0z
e FEA 2
VS L alal 22
o o o o o o o o o o o o
[ o2 (= o [=] L Q (= o (=3 (=] (=
«© N @K ~r < N E=e) <t < o~ o@D =t

+ (udy)uy zos + (FIwerp)u] 108]C + N?meuﬂvﬁ TS+ N?uuuam%vﬁ 118 + 008 + IS/ = IS Pue ‘AuSpy)uly + (Prwem)ulty + » = gxX 9ySiay pue 11owerp usmor yaoq Sursn vorssaSar opdnmuw oy3 so . #Mmm\%
uorssardar oya uo Furpuadap “(wd Ut I2IWEIP WIS 10 ¢(

(B) whiem abeijo

€

Stem diameter (cm)

E2LL325253
(Rl - B
E5cga3853%
o >0 S0 g »
gdmn._m.v(mﬂ._vvn
820 -.Ecp0=08
IS..ﬂeCIDhnlu = O
rnUSS..l..nlvwnl
emmﬂunﬂul oo
Y= Innusm—/
nuewmu.rng.lo,
g5 03g.2.Eg—
wEX2t 5 0
>8x3QEgg¥D
[ = [} [} —
In.u.ll.nl.v“hSOdnnve
= do..lsr
ekusrﬂpﬂnuwlz
2ghoelurn 0
OlrlnS.TSgo
L2 g+ =g 250
OS£5.0 500
e E5SETE
vy [3
28 85580508
LS 8CoC PPy
£ _ E£EE%gQgoEs,0
2 w=go>_-029y
VS >5gE=EF65
mnm.vﬂ Sn\I:..nlu..ﬂO
P.|.9ma|m9nus
Sﬂ(bmn.mhwlr
nguagoaag?
SoaSowSQoc =
EVC 23 OE =00
OO0 ED”TE 0L o
=0 = eanCT.I
Do gy oL .
> o
28208 22>52¢
NZ S.-Il..lﬂus..ﬂlm
oo 06ES B80T 85
. Y
>
a5 9Ec<c o,
e s 500025 g
icnwnO oo o<a

1996, and Jenkins et al. 2004).

very similar to those from Oregon (<<20% different at 100 cm

crown diameter); these taxa included Arctostaphylos patula, Cean-

othus (Ceanothus cordulatus and Ceanothus intergerrimus in our
study, Ceanotbus velutinus in their study), Chrysothamnus (Chryso-

thamnus nauseosus and C. parryi combined in our study, C. nauseosus
tional two taxa (Prunus emarginata and currant) were 30-37%

in their study) and Symphoricarpos. Our predictions for the addi-

lower than those from Oregon at 100 cm crown diameter. Compar-

ing predictions for these taxa using volume as the independent vari-
able (Fig. 3b), half of our biomass predictions were relatively close to

those from Oregon (<30% different at 0.01 m”). The rest of the

biomass predictions were significantly different (69-85% different
at 0.01 m?). Our biomass predictions based on volume yielded

higher estimates than the ones from Oregon in five of the six taxa.

These discrepancies may be a result of the formulas used to calculate
volume; we calculated it geometrically (volume of a sphere, frustum,

etc.) and the other study used length X width X height.

The equations presented in this article that use crown diameter as
the independent variable were used to develop the Woody Plant

Biomass Calculator on our web page (McGinnis and Keeley 2010),
an easy-to-use biomass calculation tool. Those needing to calculate
just a few values using crown diameter as the independent variable
are encouraged to use this Web-based tool. In all tables, equations

reour,

Y —%) +N/T+ THSWIA =

are side-by-side so that the most appropriate one can be selected to
fit the needs of researchers and land managers. Also, equations for
specific locations, larger branch sizes etc. are available on the Woody

Biomass Calculator web page. These regression equations will be
useful to managers and scientists needing to efficiently and nonde-

structively calculate the biomass of common Sierra Nevada woody

plants.
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Figure 3. Total aboveground biomass predictions using crown
diameter {a) and crown volume (b) as the independent variables
from Sierra Nevada specimens (current study) and Oregon speci-
mens (Ross and Walstad 1986).
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