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1. What is the National Biomass Estimator Library
The National Biomass Estimator Library (NBEL) was developed by the Forest Management Service Center (FMSC) as a sister library to the National Volume Estimator Library (NVEL).  Both open-source libraries provided a standard interface for the inclusion of volume and biomass models into cruising, planning, and stand exam software and are available as Excel functions.  
Biomass models are included by Regional request and new models are added upon request with the main purpose of estimating the component woody (aboveground) biomass of the entire tree.  To standardize component biomass definitions and ensure inter-agency consistency, the FMSC actively collaborates with Forest Inventory and Analysis (FIA). The NBEL essentially synthesizes equations from various biomass studies.  This collection of estimators and their associated metadata are packaged as a maintainable Dynamic Link Library (DLL), a form easily used by land management professional for the estimation of woody biomass with a target audience of National Forest users.  This DLL is written in C++, compiled using Visual Studio 2005 (Microsoft), and is public domain.  Additionally, we are in the process of developing wrappers that facilitate its use in Fortran for the Fire and Fuel Extension of the Forest Vegetation Simulator (FFE-FVS) and in all version of Microsoft Access and Excel


2. Available Biomass Components 
The NBEL essentially synthesizes and houses equations from various biomass studies (e.g., Jenkins et al. 2004).  In an effort to:
•	standardize component biomass definitions
•	identify potential gaps in current knowledge
•	retrieve relevant equations and associated metadata (e.g., sample size, fit statistics, geographic inference space)
•	provide guidance in the development of future estimators and validation of current estimators. 
Currently, the level of componentization needed for the biomass library is determined by regional personnel, and is summarized in Table 1. 

Table 1: List of Available Biomass Components, their Abbreviation, Component Code, and Description
	Abbreviation
	Code
	Description

	BTT
	1
	Complete tree (above + belowground)

	BAT
	2
	Whole tree (aboveground)

	BAST
	3
	Whole tree (above stump)

	BSW
	4
	Stem (wood only)

	BSB
	5
	Stem (bark only)

	BST
	6
	Stem (wood + bark)

	BTOP
	7
	Stem top

	BBL
	8
	Branches live

	BBL_1
	9
	Branches live < 2.5 cm

	BBL_2
	10
	Branches live 2.5-7.6 cm

	BBL_3
	11
	Branches live > 7.6 cm

	BBD
	12
	Branches dead

	BBT
	13
	Branches total (live + dead)

	BSTBRB
	14
	Stem + branches (bark only)

	Abbreviation
	Code
	Description

	BSTBRW
	15
	Stem + branches (wood only)

	BAP
	16
	Stem + branches (live)

	BAE
	17
	Wood, bark, branches (live + dead; no twigs or foliage)

	BFT
	18
	Foliage total

	BFN
	19
	Foliage new

	BFO
	20
	Foliage old

	BBG
	21
	Twigs total

	BBG_O
	22
	Twigs old

	BFG
	23
	Foliage + twigs

	BCT
	24
	Crown (branches + foliage + twigs)

	BKL
	25
	Roots, coarse > 3 mm dia

	BSR
	26
	Coarse stump roots

	BLR
	27
	Coarse lateral roots

	BFR
	28
	Fine roots

	BRT
	29
	Roots total

	BSUB
	30
	Stump wood

	BSUB
	31
	Stump bark

	BSUT
	32
	Stump total

	BSURT
	33
	Stump + roots

	CONE
	34
	Cones

	BCL
	35
	Live crown (branches + foliage + twigs)

	BCD
	36
	Dead crown (branches + foliage + twigs)

	BBS
	37
	Small branches





3. Selecting the “Right” Biomass Equation
While the use of weight factors to determine main stem mass for weight-based sales has occurred for decades, the quantification and sale of timber products as biomass is a relatively new concept. When trying to quantify the amount of biomass available for a given project, managers are often faced with the dilemma of selecting the “right” equation from thousands. While many equations exist and no equation is perfect, there are some steps that can be used to help guide the selection of an equation. These are as follows:

1. Determine which equations are appropriate for your species focus and geographic region (see Table 2). If there are no equations, the use of generalized equations (i.e., the equations developed by Jenkins et al. or Ter-Mikaelian  and Korzukhin would work in this case).
2. Read the appropriate literature and metadata to ensure that there are no problems and that the selected equation’s inference space is appropriate. Familiarity with the literature associated with the equations in question will be invaluable.
3. Sensitivity analysis, or the comparison of the sensitivity of the predicted variable (mass) to the input variables (e.g., dbh, height, crown ratio,…) might be necessary. The use of the excel functions (contact FMSC to obtain these) and a sample database will facilitate this.
4. If you are comfortable with the equation selected at this point, proceed with its use. If the equation is deemed inadequate, select another equation and repeat the process until one is found that meets your criteria and/or behaves in an acceptable fashion.
5. Should no equation exist that is acceptable, contact FMSC personnel to determine if there are additional equations not in the library (which will be added as soon as possible) or if you have found a gap in the research and additional equations are needed. 

4. Known Limitations of the Library
Coming soon…

5. Contact Information
Should you have any questions regarding the biomass library, please feel free to contact the Forest Management Service Center. Specific contact information is as follows:
Andrew J. Sánchez Meador, Ph.D.
USFS Forest Mgmt. Service Center, WO-D
E-mail: asanchezmeador@fs.fed.us
Phone: (575) 434-7391
Fax: (575) 434-7218
Remote Mailing Location: Lincoln National Forest
3463 Las Palomas Rd.
Alamogordo, NM  88310
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Table 2: List of Equation Numbers Currently Available in the National Biomass Estimator Library, Arranged by Reference, Geographic Location, Species, and Biomass Components.
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Number
	Reference Manuscript
	Geographic Location
	Species
	Biomass Component
	Equation Number

	1
	Binkley 1983
	British Columbia-Washington
	red alder
	Branches live
	2

	
	
	
	
	Foliage total
	3

	
	
	
	
	Stem (wood + bark)
	1

	2
	Bormann 1990
	Southeastern Alaska
	Sitka spruce
	Branches live
	5

	
	
	
	
	Foliage new
	7

	
	
	
	
	Foliage total
	6

	
	
	
	
	Live crown (branches + foliage + twigs)
	8

	
	
	
	
	Stem (wood + bark)
	4

	3
	Brown 1978
	Rocky Mountains
	Douglas-fir
	Crown (branches + foliage + twigs)
	65

	
	
	
	
	Dead crown (branches + foliage + twigs)
	72

	
	
	
	
	Dead crown (branches + foliage + twigs)
	73

	
	
	
	
	Dead crown (branches + foliage + twigs)
	74

	
	
	
	
	Live crown (branches + foliage + twigs)
	66

	
	
	
	
	Live crown (branches + foliage + twigs)
	67

	
	
	
	
	Live crown (branches + foliage + twigs)
	68

	
	
	
	
	Live crown (branches + foliage + twigs)
	69

	
	
	
	
	Live crown (branches + foliage + twigs)
	70

	
	
	
	
	Live crown (branches + foliage + twigs)
	71

	
	
	
	
	Stem (wood + bark)
	63

	
	
	
	
	Stem (wood + bark)
	64

	
	
	
	Engelmann spruce
	Dead crown (branches + foliage + twigs)
	34

	
	
	
	
	Live crown (branches + foliage + twigs)
	32

	
	
	
	
	Live crown (branches + foliage + twigs)
	33

	
	
	
	
	Stem (wood + bark)
	31

	
	
	
	grand fir
	Crown (branches + foliage + twigs)
	12

	
	
	
	
	Dead crown (branches + foliage + twigs)
	17

	
	
	
	
	Dead crown (branches + foliage + twigs)
	18

	
	
	
	
	Dead crown (branches + foliage + twigs)
	19

	
	
	
	
	Live crown (branches + foliage + twigs)
	14

	
	
	
	
	Live crown (branches + foliage + twigs)
	15

	
	
	
	
	Live crown (branches + foliage + twigs)
	16

	
	
	
	
	Stem (wood + bark)
	9

	
	
	
	
	Stem (wood + bark)
	10

	
	
	
	
	Stem (wood + bark)
	11

	
	
	
	lodgepole pine
	Live crown (branches + foliage + twigs)
	44

	
	
	
	
	Live crown (branches + foliage + twigs)
	45

	
	
	
	
	Live crown (branches + foliage + twigs)
	46

	
	
	
	
	Stem (wood + bark)
	43

	
	
	
	ponderosa pine
	Crown (branches + foliage + twigs)
	55

	
	
	
	
	Dead crown (branches + foliage + twigs)
	61

	
	
	
	
	Dead crown (branches + foliage + twigs)
	62

	
	
	
	
	Live crown (branches + foliage + twigs)
	56

	
	
	
	
	Live crown (branches + foliage + twigs)
	57

	
	
	
	
	Live crown (branches + foliage + twigs)
	58

	
	
	
	
	Live crown (branches + foliage + twigs)
	59

	
	
	
	
	Live crown (branches + foliage + twigs)
	60

	
	
	
	
	Stem (wood + bark)
	52

	
	
	
	
	Stem (wood + bark)
	53

	
	
	
	
	Stem (wood + bark)
	54

	
	
	
	subalpine fir
	Dead crown (branches + foliage + twigs)
	25

	
	
	
	
	Dead crown (branches + foliage + twigs)
	26

	
	
	
	
	Live crown (branches + foliage + twigs)
	22

	
	
	
	
	Live crown (branches + foliage + twigs)
	23

	
	
	
	
	Live crown (branches + foliage + twigs)
	24

	
	
	
	
	Stem (wood + bark)
	20

	
	
	
	
	Stem (wood + bark)
	21

	
	
	
	western hemlock
	Dead crown (branches + foliage + twigs)
	93

	
	
	
	
	Dead crown (branches + foliage + twigs)
	94

	
	
	
	
	Live crown (branches + foliage + twigs)
	89

	
	
	
	
	Live crown (branches + foliage + twigs)
	90

	
	
	
	
	Live crown (branches + foliage + twigs)
	91

	
	
	
	
	Live crown (branches + foliage + twigs)
	92

	
	
	
	
	Stem (wood + bark)
	86

	
	
	
	
	Stem (wood + bark)
	87

	
	
	
	
	Stem (wood + bark)
	88

	
	
	
	
	Whole tree (aboveground)
	85

	
	
	
	western larch
	Live crown (branches + foliage + twigs)
	29

	
	
	
	
	Live crown (branches + foliage + twigs)
	30

	
	
	
	
	Stem (wood + bark)
	27

	
	
	
	
	Stem (wood + bark)
	28

	
	
	
	western redcedar
	Crown (branches + foliage + twigs)
	77

	
	
	
	
	Dead crown (branches + foliage + twigs)
	83

	
	
	
	
	Dead crown (branches + foliage + twigs)
	84

	
	
	
	
	Live crown (branches + foliage + twigs)
	78

	
	
	
	
	Live crown (branches + foliage + twigs)
	79

	
	
	
	
	Live crown (branches + foliage + twigs)
	80

	
	
	
	
	Live crown (branches + foliage + twigs)
	81

	
	
	
	
	Live crown (branches + foliage + twigs)
	82

	
	
	
	
	Stem (wood + bark)
	75

	
	
	
	
	Stem (wood + bark)
	76

	
	
	
	western white pine
	Dead crown (branches + foliage + twigs)
	51

	
	
	
	
	Live crown (branches + foliage + twigs)
	47

	
	
	
	
	Live crown (branches + foliage + twigs)
	48

	
	
	
	
	Live crown (branches + foliage + twigs)
	49

	
	
	
	
	Live crown (branches + foliage + twigs)
	50

	
	
	
	whitebark pine
	Dead crown (branches + foliage + twigs)
	40

	
	
	
	
	Dead crown (branches + foliage + twigs)
	41

	
	
	
	
	Dead crown (branches + foliage + twigs)
	42

	
	
	
	
	Live crown (branches + foliage + twigs)
	37

	
	
	
	
	Live crown (branches + foliage + twigs)
	38

	
	
	
	
	Live crown (branches + foliage + twigs)
	39

	
	
	
	
	Stem (wood + bark)
	35

	
	
	
	
	Stem (wood + bark)
	36

	4
	Cochran et al. 1984
	Pacific Northwest
	ponderosa pine
	Branches live
	97

	
	
	
	
	Branches live
	98

	
	
	
	
	Foliage total
	99

	
	
	
	
	Stem (bark only)
	96

	
	
	
	
	Whole tree (aboveground)
	95

	5
	Gholz et al. 1979
	Pacific Northwest
	Douglas-fir
	Branches dead
	123

	
	
	
	
	Branches live
	122

	
	
	
	
	Foliage total
	124

	
	
	
	
	Stem (bark only)
	121

	
	
	
	
	Stem (wood only)
	120

	
	
	
	fir spp.
	Branches live
	102

	
	
	
	
	Stem (bark only)
	101

	
	
	
	
	Stem (wood only)
	100

	
	
	
	mountain hemlock
	Branches dead
	131

	
	
	
	
	Branches live
	130

	
	
	
	
	Stem (bark only)
	129

	
	
	
	
	Stem (wood only)
	128

	
	
	
	noble fir
	Branches live
	108

	
	
	
	
	Stem (bark only)
	107

	
	
	
	
	Stem (wood only)
	106

	
	
	
	Pacific silver fir
	Branches live
	105

	
	
	
	
	Stem (bark only)
	104

	
	
	
	
	Stem (wood only)
	103

	
	
	
	pine spp.
	Branches dead
	112

	
	
	
	
	Branches live
	111

	
	
	
	
	Foliage total
	113

	
	
	
	
	Stem (bark only)
	110

	
	
	
	
	Stem (wood only)
	109

	
	
	
	ponderosa pine
	Branches dead
	117

	
	
	
	
	Branches live
	116

	
	
	
	
	Foliage new
	119

	
	
	
	
	Foliage total
	118

	
	
	
	
	Stem (bark only)
	115

	
	
	
	
	Stem (wood only)
	114

	
	
	
	red alder
	Foliage total
	132

	
	
	
	western hemlock
	Branches live
	126

	
	
	
	
	Foliage total
	127

	
	
	
	
	Stem (wood + bark)
	125

	6
	Grier and Logan 1977
	Oregon
	bigleaf maple
	Branches dead
	147

	
	
	
	
	Branches live
	146

	
	
	
	
	Foliage total
	148

	
	
	
	
	Stem (bark only)
	145

	
	
	
	
	Stem (wood only)
	144

	
	
	
	Douglas-fir
	Foliage new
	137

	
	
	
	giant chinkapin,golden chinkapin
	Branches dead
	152

	
	
	
	
	Branches live
	151

	
	
	
	
	Foliage new
	154

	
	
	
	
	Foliage total
	153

	
	
	
	
	Stem (bark only)
	150

	
	
	
	
	Stem (wood only)
	149

	
	
	
	sugar pine
	Branches live
	135

	
	
	
	
	Foliage total
	136

	
	
	
	
	Stem (bark only)
	134

	
	
	
	
	Stem (wood only)
	133

	
	
	
	western hemlock
	Branches dead
	141

	
	
	
	
	Branches live
	140

	
	
	
	
	Foliage new
	143

	
	
	
	
	Foliage total
	142

	
	
	
	
	Stem (bark only)
	139

	
	
	
	
	Stem (wood only)
	138

	7
	Helgerson et al. 1988
	Oregon
	Douglas-fir
	Branches live
	157

	
	
	
	
	Foliage total
	158

	
	
	
	
	Stem (wood + bark)
	156

	
	
	
	
	Whole tree (aboveground)
	155

	
	
	
	red alder
	Branches live
	161

	
	
	
	
	Foliage total
	162

	
	
	
	
	Stem (wood + bark)
	160

	
	
	
	
	Whole tree (aboveground)
	159

	8
	Jenkins et al. 2004
	North America
	Cedar
	Branches live
	2066

	
	
	
	
	Foliage total
	2063

	
	
	
	
	Stem (bark only)
	2064

	
	
	
	
	Stem (wood only)
	2065

	
	
	
	
	Whole tree (aboveground)
	2062

	
	
	
	Beech
	Branches live
	2061

	
	
	
	
	Foliage total
	2058

	
	
	
	
	Stem (bark only)
	2059

	
	
	
	
	Stem (wood only)
	2060

	
	
	
	
	Whole tree (aboveground)
	2057

	
	
	
	Birch.
	Branches live
	2036

	
	
	
	
	Foliage total
	2033

	
	
	
	
	Stem (bark only)
	2034

	
	
	
	
	Stem (wood only)
	2035

	
	
	
	
	Whole tree (aboveground)
	2032

	
	
	
	Cottonwood
	Branches live
	2021

	
	
	
	
	Foliage total
	2018

	
	
	
	
	Stem (bark only)
	2019

	
	
	
	
	Stem (wood only)
	2020

	
	
	
	
	Whole tree (aboveground)
	2017

	
	
	
	Douglas-fir
	Branches live
	2076

	
	
	
	
	Foliage total
	2073

	
	
	
	
	Stem (bark only)
	2074

	
	
	
	
	Stem (wood only)
	2075

	
	
	
	
	Whole tree (aboveground)
	2072

	
	
	
	Fir
	Branches live
	2081

	
	
	
	
	Foliage total
	2078

	
	
	
	
	Stem (bark only)
	2079

	
	
	
	
	Stem (wood only)
	2080

	
	
	
	
	Whole tree (aboveground)
	2077

	
	
	
	Hemlock
	Branches live
	2086

	
	
	
	
	Foliage total
	2083

	
	
	
	
	Stem (bark only)
	2084

	
	
	
	
	Stem (wood only)
	2085

	
	
	
	
	Whole tree (aboveground)
	2082

	
	
	
	Hickory
	Branches live
	2056

	
	
	
	
	Foliage total
	2053

	
	
	
	
	Stem (bark only)
	2054

	
	
	
	
	Stem (wood only)
	2055

	
	
	
	
	Whole tree (aboveground)
	2052

	
	
	
	Oak
	Branches live
	2051

	
	
	
	
	Foliage total
	2048

	
	
	
	
	Stem (bark only)
	2049

	
	
	
	
	Stem (wood only)
	2050

	
	
	
	
	Whole tree (aboveground)
	2047

	
	
	
	Pine
	Branches live
	2091

	
	
	
	
	Foliage total
	2088

	
	
	
	
	Stem (bark only)
	2089

	
	
	
	
	Stem (wood only)
	2090

	
	
	
	
	Whole tree (aboveground)
	2087

	
	
	
	Aspen
	Branches live
	2011

	
	
	
	
	Foliage total
	2008

	
	
	
	
	Stem (bark only)
	2009

	
	
	
	
	Stem (wood only)
	2010

	
	
	
	
	Whole tree (aboveground)
	2007

	
	
	
	Alder
	Branches live
	2016

	
	
	
	
	Foliage total
	2013

	
	
	
	
	Stem (bark only)
	2014

	
	
	
	
	Stem (wood only)
	2015

	
	
	
	
	Whole tree (aboveground)
	2012

	
	
	
	Soft maple
	Branches live
	2031

	
	
	
	
	Foliage total
	2028

	
	
	
	
	Stem (bark only)
	2029

	
	
	
	
	Stem (wood only)
	2030

	
	
	
	
	Whole tree (aboveground)
	2027

	
	
	
	Spruce
	Branches live
	2096

	
	
	
	
	Foliage total
	2093

	
	
	
	
	Stem (bark only)
	2094

	
	
	
	
	Stem (wood only)
	2095

	
	
	
	
	Whole tree (aboveground)
	2092

	
	
	
	Hard maple
	Branches live
	2046

	
	
	
	
	Foliage total
	2043

	
	
	
	
	Stem (bark only)
	2044

	
	
	
	
	Stem (wood only)
	2045

	
	
	
	
	Whole tree (aboveground)
	2042

	
	
	
	Larch
	Branches live
	2071

	
	
	
	
	Foliage total
	2068

	
	
	
	
	Stem (bark only)
	2069

	
	
	
	
	Stem (wood only)
	2070

	
	
	
	
	Whole tree (aboveground)
	2067

	
	
	
	Willow
	Branches live
	2026

	
	
	
	
	Foliage total
	2023

	
	
	
	
	Stem (bark only)
	2024

	
	
	
	
	Stem (wood only)
	2025

	
	
	
	
	Whole tree (aboveground)
	2022

	9
	Kaye et al. 2005
	Northern Arizona
	ponderosa pine
	Branches dead
	166

	
	
	
	
	Branches live
	165

	
	
	
	
	Foliage total
	167

	
	
	
	
	Stem (bark only)
	164

	
	
	
	
	Stem (wood only)
	163

	
	
	
	
	Whole tree (aboveground)
	2097

	10
	Pearson et al. 1984
	Wyoming
	lodgepole pine
	Branches live
	170

	
	
	
	
	Branches live
	171

	
	
	
	
	Foliage total
	172

	
	
	
	
	Foliage total
	173

	
	
	
	
	Foliage total
	174

	
	
	
	
	Foliage total
	175

	
	
	
	
	Roots, coarse > 3 mm dia
	176

	
	
	
	
	Roots, coarse > 3 mm dia
	177

	
	
	
	
	Stem (wood + bark)
	168

	
	
	
	
	Stem (wood + bark)
	169

	11
	Ross and Walstad 1996
	Pacific Northwest
	lodgepole pine
	Stem (wood + bark)
	311

	
	
	
	
	Whole tree (aboveground)
	310

	
	
	
	ponderosa pine
	Stem (wood + bark)
	313

	
	
	
	
	Whole tree (aboveground)
	312

	12
	Snell and Little 1983
	Pacific Northwest
	bigleaf maple
	Branches dead
	178

	
	
	
	
	Live crown (branches + foliage + twigs)
	179

	
	
	
	giant chinkapin,golden chinkapin
	Branches dead
	184

	
	
	
	
	Live crown (branches + foliage + twigs)
	185

	
	
	
	Pacific madrone
	Branches dead
	182

	
	
	
	
	Live crown (branches + foliage + twigs)
	183

	
	
	
	red alder
	Branches dead
	180

	
	
	
	
	Live crown (branches + foliage + twigs)
	181

	
	
	
	tanoak
	Branches dead
	186

	
	
	
	
	Live crown (branches + foliage + twigs)
	187

	13
	Snell and Max 1985
	Washington
	Douglas-fir
	Dead crown (branches + foliage + twigs)
	189

	
	
	
	
	Live crown (branches + foliage + twigs)
	188

	
	
	
	western hemlock
	Dead crown (branches + foliage + twigs)
	191

	
	
	
	
	Live crown (branches + foliage + twigs)
	190

	14
	Standish et al. 1985
	British Columbia
	Alaska yellow-cedar
	Branches live
	213

	
	
	
	
	Foliage total
	214

	
	
	
	
	Small branches
	215

	
	
	
	
	Stem (bark only)
	212

	
	
	
	
	Stem (wood only)
	211

	
	
	
	
	Whole tree (aboveground)
	210

	
	
	
	black cottonwood
	Branches live
	303

	
	
	
	
	Foliage total
	304

	
	
	
	
	Small branches
	305

	
	
	
	
	Stem (bark only)
	302

	
	
	
	
	Stem (wood only)
	301

	
	
	
	
	Whole tree (aboveground)
	300

	
	
	
	Douglas-fir
	Branches live
	258

	
	
	
	
	Branches live
	259

	
	
	
	
	Foliage total
	260

	
	
	
	
	Foliage total
	261

	
	
	
	
	Small branches
	262

	
	
	
	
	Small branches
	263

	
	
	
	
	Stem (bark only)
	256

	
	
	
	
	Stem (bark only)
	257

	
	
	
	
	Stem (wood only)
	254

	
	
	
	
	Stem (wood only)
	255

	
	
	
	
	Whole tree (aboveground)
	252

	
	
	
	
	Whole tree (aboveground)
	253

	
	
	
	Engelmann spruce
	Branches live
	225

	
	
	
	
	Foliage total
	226

	
	
	
	
	Small branches
	227

	
	
	
	
	Stem (bark only)
	224

	
	
	
	
	Stem (wood only)
	223

	
	
	
	
	Whole tree (aboveground)
	222

	
	
	
	grand fir
	Branches live
	201

	
	
	
	
	Foliage total
	202

	
	
	
	
	Small branches
	203

	
	
	
	
	Stem (bark only)
	200

	
	
	
	
	Stem (wood only)
	199

	
	
	
	
	Whole tree (aboveground)
	198

	
	
	
	lodgepole pine
	Branches live
	237

	
	
	
	
	Foliage total
	238

	
	
	
	
	Small branches
	239

	
	
	
	
	Stem (bark only)
	236

	
	
	
	
	Stem (wood only)
	235

	
	
	
	
	Whole tree (aboveground)
	234

	
	
	
	mountain hemlock
	Branches live
	279

	
	
	
	
	Foliage total
	280

	
	
	
	
	Small branches
	281

	
	
	
	
	Stem (bark only)
	278

	
	
	
	
	Stem (wood only)
	277

	
	
	
	
	Whole tree (aboveground)
	276

	
	
	
	Pacific silver fir
	Branches live
	195

	
	
	
	
	Foliage total
	196

	
	
	
	
	Small branches
	197

	
	
	
	
	Stem (bark only)
	194

	
	
	
	
	Stem (wood only)
	193

	
	
	
	
	Whole tree (aboveground)
	192

	
	
	
	paper birch
	Branches live
	291

	
	
	
	
	Foliage total
	292

	
	
	
	
	Small branches
	293

	
	
	
	
	Stem (bark only)
	290

	
	
	
	
	Stem (wood only)
	289

	
	
	
	
	Whole tree (aboveground)
	288

	
	
	
	ponderosa pine
	Branches live
	249

	
	
	
	
	Foliage total
	250

	
	
	
	
	Small branches
	251

	
	
	
	
	Stem (bark only)
	248

	
	
	
	
	Stem (wood only)
	247

	
	
	
	
	Whole tree (aboveground)
	246

	
	
	
	quaking aspen
	Branches live
	297

	
	
	
	
	Foliage total
	298

	
	
	
	
	Small branches
	299

	
	
	
	
	Stem (bark only)
	296

	
	
	
	
	Stem (wood only)
	295

	
	
	
	
	Whole tree (aboveground)
	294

	
	
	
	red alder
	Branches live
	285

	
	
	
	
	Foliage total
	286

	
	
	
	
	Small branches
	287

	
	
	
	
	Stem (bark only)
	284

	
	
	
	
	Stem (wood only)
	283

	
	
	
	
	Whole tree (aboveground)
	282

	
	
	
	Sitka spruce
	Branches live
	231

	
	
	
	
	Foliage total
	232

	
	
	
	
	Small branches
	233

	
	
	
	
	Stem (bark only)
	230

	
	
	
	
	Stem (wood only)
	229

	
	
	
	
	Whole tree (aboveground)
	228

	
	
	
	subalpine fir
	Branches live
	207

	
	
	
	
	Foliage total
	208

	
	
	
	
	Small branches
	209

	
	
	
	
	Stem (bark only)
	206

	
	
	
	
	Stem (wood only)
	205

	
	
	
	
	Whole tree (aboveground)
	204

	
	
	
	western hemlock
	Branches live
	273

	
	
	
	
	Foliage total
	274

	
	
	
	
	Small branches
	275

	
	
	
	
	Stem (bark only)
	272

	
	
	
	
	Stem (wood only)
	271

	
	
	
	
	Whole tree (aboveground)
	270

	
	
	
	western larch
	Branches live
	219

	
	
	
	
	Foliage total
	220

	
	
	
	
	Small branches
	221

	
	
	
	
	Stem (bark only)
	218

	
	
	
	
	Stem (wood only)
	217

	
	
	
	
	Whole tree (aboveground)
	216

	
	
	
	western redcedar
	Branches live
	267

	
	
	
	
	Foliage total
	268

	
	
	
	
	Small branches
	269

	
	
	
	
	Stem (bark only)
	266

	
	
	
	
	Stem (wood only)
	265

	
	
	
	
	Whole tree (aboveground)
	264

	
	
	
	western white pine
	Branches live
	243

	
	
	
	
	Foliage total
	244

	
	
	
	
	Small branches
	245

	
	
	
	
	Stem (bark only)
	242

	
	
	
	
	Stem (wood only)
	241

	
	
	
	
	Whole tree (aboveground)
	240
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	Oregon
	fir spp.
	Foliage total
	306

	
	
	
	mountain hemlock
	Foliage total
	309

	
	
	
	noble fir
	Foliage total
	308

	
	
	
	Pacific silver fir
	Foliage total
	307
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