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1. [bookmark: Introduction][bookmark: _Toc387912357]Introduction
The national Biomass Estimator Library (NBEL) was developed by the Forest Management Service Center (FMSC). The NBEL synthesizes published biomass equations in US and also unpublished equations developed by FMSC. This collection of biomass equations and their associated metadata are stored in a SQLite database. The NBEL also integrates with the National Volume Estimator Library (NVEL) and tree species specific gravity and other properties to convert cubic volume to biomass. The NBEL is written in C# and has a graphic user interface (GUI) to allow user to query/view equations, calculate dry and green biomass on selected equation, view regional/forest species default equation for each component, and also setup local defaults. The NBEL is packaged as a maintainable Dynamic Link Library (DLL). The DLL has a function for each biomass component. All DLL functions will only require input parameters of Region, Forest, District, Species, DBH and Height to calculate biomass. The DLL functions will automatically use species default equation for the region/forest. If there is no default setup, they will convert cubic volume to biomass with component ratio method. 
[bookmark: _GoBack]The units in NBEL are in English. To use the equation from NBEL, DBH needs in inches and height in feet. The biomass calculated is in lb. 
2. [bookmark: BiomassComponent][bookmark: _Toc387912358]Biomass Components and Their DLL Functions
From the collection of biomass studies, the biomass components and their DLL function are summarized in Table 1.
Table 1. List of biomass components and their DLL functions from NBEL
	ID
	COMP ABBR
	Description
	Excel_function_name

	1
	CPT
	Complete tree (above + belowground)
	bmCompleteTree

	2
	AGT
	Whole tree (aboveground)
	bmAboveGroundTotal

	3
	AST
	Whole tree (above stump)
	bmAboveStumpTotal

	4
	STW
	Stem (wood only)
	bmStemWood

	5
	STB
	Stem (bark only)
	bmStemBark

	6
	STT
	Stem (wood + bark)
	bmStemTotal

	7
	TIP
	Stem top
	bmStemTop

	8
	BRL
	Branches live
	bmBranchesLive

	9
	B01
	Branches live < 2.5 cm
	bmBranchesLive_0_1

	10
	B13
	Branches live  2.5-7.6 cm
	bmBranchesLive_1_3

	11
	B3P
	Branches live  > 7.6 cm
	bmBranchesLive_3_plus

	12
	BRD
	Branches dead
	bmBranchesDead

	13
	BRT
	Branches total (live + dead)
	bmBranchesTotal

	14
	AGB
	Stem + branches (bark only)
	bmStemBranchesBarkOnly

	15
	AGW
	Stem + branches (wood only)
	bmStemBranchesWoodOnly

	16
	SBL
	Stem + live branches
	bmStemBranchesLive

	17
	AWB
	Stem + total branches (live + dead; no twigs or foliage)
	bmStemBranchesTotal

	18
	FOT
	Foliage total
	bmFoliageTotal

	19
	FON
	Foliage new
	bmFoliageNew

	20
	FOO
	Foliage old
	bmFoliageOld

	21
	TGT
	Twigs total
	bmTwigsTotal

	22
	TGO
	Twigs old
	bmTwigsOld

	23
	FTG
	Foliage + twigs
	bmFoliageTwigs

	24
	CRW
	Crown (branches + foliage + twigs)
	bmCrown

	25
	CRT
	Roots, coarse > 3 mm dia
	bmRootsCoarse

	26
	SCR
	Coarse stump roots
	bmCoarseStumpRoots

	27
	CLR
	Coarse lateral roots
	bmCoarseLateralRoots

	28
	FRT
	Fine roots
	bmFineRoots

	29
	RTT
	Roots total
	bmRootsTotal

	30
	SMW
	Stump wood
	bmStumpWood

	31
	SMB
	Stump bark
	bmStumpBark

	32
	SMT
	Stump total
	bmStumpTotal

	33
	SMR
	Stump + roots
	bmStump_Roots

	34
	CON
	Cones
	bmCones

	35
	LCR
	Live crown (branches + foliage + twigs)
	bmLiveCrown

	36
	DCR
	Dead crown (branches + foliage + twigs)
	bmDeadCrown

	37
	BRS
	Small branches
	bmSmallBranches

	38
	MST
	Merch stem (wood + bark) from stump to top dib
	bmMerchStemTotal

	39
	MSW
	Merch stem wood from stump to top dib
	bmMerchStemWood

	40
	MSB
	Merch stem bark from stump to top dib
	bmMerchStemBark

	41
	TPW
	Top (wood only) (from merch top to tip)
	bmStemTopWood

	42
	TPB
	Top (bark only) (from merch top to tip)
	bmStemTopBark

	43
	SBT
	Residue (stump + top limb)
	bmResidue

	44
	BTP
	Top limb (branches + tip)
	bmTopLimb

	45
	WB1
	Above stump wood and bark
	bmAboveStumpWoodBark

	46
	WB2
	Total wood and bark to min branches
	bmTotalWoodBard_to_minBranch

	47
	B1P
	Branches live > 1 inch
	bmBranchesLive_1_plus

	48
	B0Q
	Branches live <= 1/4 inches
	bmBranchesLive_0_quarter

	49
	BQ1
	Branches live > 1/4 inches and < 1 inch
	bmBranchesLive_quarter_1



3. [bookmark: NBEL_species_default][bookmark: _Toc387912359]NBEL Species Regional/Forest Default Setup
The species default is important for biomass calculation. The regional/forest default for each species will need to be approved by regional measurement specialist and maintained by FMSC. Those defaults will be read only for user on the NBEL GUI. However user can set local default to overwrite the regional/forest defaults. The species default setup includes green weight factor, percent moisture content, bark to wood volume percentage, and equations used for each biomass component.
Table 2. Current NBEL defaults provided by regional measurement specialists
	Region
	Forest(s)
	Species Code
	Weight Factor (P)
	Weight Factor (S)
	Above Ground Total
	Live Branches
	Dead Branches
	Foliage
	Stem Tip

	02
	
	093
	43
	
	
	
	
	
	

	
	
	108
	50
	
	
	
	
	
	

	
	
	122
	71
	
	
	
	
	
	

	
	
	746
	52
	
	
	
	
	
	

	
	
	202
	61
	
	
	
	
	
	

	
	
	015
	68
	
	
	
	
	
	

	
	13
	015
	73.0
	
	
	
	
	
	

	
	
	096
	60.2
	
	
	
	
	
	

	
	
	122
	70.1
	
	
	
	
	
	

	
	
	202
	62.4
	
	
	
	
	
	

	03
	
	122
	68.9
	
	
	
	
	
	

	05
	
	122
	68
	
	
	
	
	
	

	
	
	116
	68
	
	
	
	
	
	

	
	
	117
	69
	
	
	
	
	
	

	
	
	119
	69
	
	
	
	
	
	

	
	
	108
	55
	
	
	
	
	
	

	
	
	015
	69
	
	
	
	
	
	

	
	
	020
	69
	
	
	
	
	
	

	
	
	081
	58
	
	
	
	
	
	

	06
	East Cascades
	122
	69
	
	
	
	
	
	

	
	
	202
	61
	
	
	
	
	
	

	
	West Cascades (DBH<= 15)
	202
	51
	
	
	
	
	
	

	
	West Cascades (DBH>15)
	202
	61
	
	
	
	
	
	

	
	West Cascades
	263
	64
	
	
	
	
	
	

	
	
	351
	57
	
	
	
	
	
	

	
	02
	015
	68
	
	
	
	
	
	

	
	
	081
	58
	
	
	
	
	
	

	
	
	122
	62
	
	
	
	
	
	

	
	04
	015
	68.9
	
	
	
	
	
	

	
	
	070
	55.4
	
	
	
	
	
	

	
	
	108
	63.4
	
	
	
	
	
	

	
	
	122
	68.8
	
	
	
	
	
	

	
	
	202
	60.7
	
	
	
	
	
	

	
	09
	202
	58
	
	
	
	
	
	

	
	
	263
	64
	
	
	
	
	
	

	
	10
	015
	60
	
	
	
	
	
	

	
	
	041
	61
	
	
	
	
	
	

	
	
	081
	61
	
	
	
	
	
	

	
	
	098
	54
	
	
	
	
	
	

	
	
	122
	65
	
	
	
	
	
	

	
	
	122
	60
	
	
	
	
	
	

	
	
	351
	57
	
	
	
	
	
	

	
	12
	202
	60.9
	
	
	
	
	
	


4. [bookmark: NBEL_Install_Userguide][bookmark: NBELTesterSetup_Install_Userguide][bookmark: _Toc387912360]Install and User Guide for NBEL TesterSetup
(1) Download the install package NBEL_TesterSetup.msi from this web site: http://www.fs.fed.us/fmsc/measure/biomass/index.shtml
(2) Save the NBEL_TesterSetup.msi to a folder in your computer.
(3) Right-click on NBEL_TesterSetup.msi and then select Run Elevated to install
The NBEL TesterSetup is a graphic user interface to NBEL to view/test biomass equations, view regional/forest species defaults, and list of NBEL DLL functions. It has three tabs. The first tab is for view/test biomass equations. The second tab is for view regional/forest defaults and setup local defaults. It also allows testing calculation with the defaults. The third tab is list of NBEL function for each component.


View/Test Biomass Equation tab:
[image: ]
To view equation, enter Region, Species, Component, or reference Author from their dropdown list, then click on Get Equations button. Equation information will be displayed in top panel. To test the calculation from the selected equations, enter Region, Species, DBH, HT, Crown Length in the lower panel and then click on Calculate Biomass button.


Species Default Equations tab:
[image: ]
To view regional/forest default for a species, enter Region, Forest and Species, then click on View Species Defaults button to display its defaults. To enter or change local default, enter a valid value for the item you want to edit, then click on Save Local Defaults button to save your change. Note: if you reinstall NBEL TesterSetup on your PC, your local defaults will be lost. 
To calculate biomass with default equation, enter DBH and height, then click on Claculate Biomass with Default Equation button. The dry and green biomass will be calculated. Reference author will also be displayed.


Excel Add-in Functions tab: 
This tab lists NBEL function name for each component.
[image: ]

5. [bookmark: NBELExcelAddIns_Install_Userguide][bookmark: _Toc387912361]Installation and User Guide for MS Excel Add-in Functions
Download the Excel Biomass Functions install package from this web site: http://www.fs.fed.us/fmsc/measure/biomass/index.shtml
Installation of the NBEL Excel Add-In requires prior installation of the Microsoft .Net Framework version 3.5 SP1.  The setup.exe will check the users’ computer to see if this prerequisite is met.  If it is not present then setup will prompt the user to confirm installation of the .Net framework.  If, however, the user already has the framework they can simply download and run nbelXllDeploy.msi. Right click on the install file and chose Run/Install Elevated.

Installing the Excel Add-In
If the .Net framework needs to be installed then follow the onscreen instructions for installation.  This will take several minutes.
After installation of the .Net Framework or if .Net is already installed double-click the nbelXllDeply.msi file. 
Click Next. 
Click Next to accept the default installation location of C:\Windows\System32 and install for “Just me”
Click Next to start the installation
After successful installation click Close
Now you must add the Add-In to Excel.  Open Excel 2007 and click the QuickAccess Toolbar (the MS icon in the upper left corner).
Click the Excel Options button in the lower right corner.
Click the Add-Ins tab.  You should see Nbelroutines in the list of Add-Ins.
Click the Go… button to Manage Excel Add-ins.
Make sure Nbelroutines is selected and click OK.
How to use the NBEL routines
The Excel functions available in Excel are listed in the Table 1 under the column DLL_FUNCTIONS. All functions start with bm.
To actually use a function click the Formulas tab and the click Insert Function.  In the ‘Or select category’ drop-down select User Defined.  Scroll-down until you see the above equations.

6. [bookmark: UseNBELDLL][bookmark: _Toc387912362]Use NBEL DLL with Microsoft Visual Studio C# Project
To use the DLL with Microsoft Visual Studio C# project, save the NBEL.dll in your project folder and add reference to NBEL.dll. Then you can reference the biomass function with NBEL.bmFuncs.
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Evcel Addins Biomass Funclions

The following listed biomass functions are available for Excel Add-Ins.

View/Test Biomass Equaions | Spesies Default Equations

Please click the link it /s fs fed us/imsc/messute/biomass/index shinl to download.
All functions require input parameters (region. forest. district. speciesFlAcode. DBH. HT).

EvcelFunctionName

Desciption

bmabovelroundTotal

Complte tiee (above + belowground)

‘Whole tes (sboveground)

bméboveStumpTolal

‘Whole e (sbove sturp)

bmStemwood Stem (wood o)
bmStemBark Stem bark on)
bmStemTotal Stem (weod + bark]
bmStemTap Stemtop
brBranchesLive Branches five

bBranchestive_0_1

Branches five < 25 em

bBrancheslive_1_3

Branches ve 2576 em

brBranchesLive_3_plus

Branches ve > 7.6 cm

bBranchesDead

Branches dead

bBranchesTotal

Branches total five + dead)

bStemBranchesBarkrly

Stem + branches (bark )

bStemBranchesWaodOrly

Stem + branches (waod arp)

bmStemBranchesLive

Stem + ve branches

bStemBranchesTotal

Stem  tota branches (ive + dead; n twigs o olige)

brFoiageTota Foliage total
brFoiageNen Foliage ren
brFolage0id Folisge old
bTwigsTotal Toigs toal
brTwigs0ld Tigs od





