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Introduction

The approved work plan for the assessment consists of

1) building a Washington State Forestland Database to provide a flexible platform for the supply
assessment,

2) modeling inventory, its growth and yield, and linking it to the database, and

3) gathering information on biomass resource collection and utilization from stakeholders through
surveys and interviews.

The report documents our progress to date on estimating biomass production by ownership and
location in Washington State and calculating biomass recovery and biomass left on site.

Parcel Database

The database has been populated with data layers that we will be using for our analysis. The data layers
include roads, stream buffers, streams, lakes and wetlands, ownership, slope, and elevation. It also has
a satellite imagery layer. These layers are currently being merged with the inventory data from the
modeling results to form the database we will be using to conduct our assessment and prepare a web-
based calculator. Preliminary queries as to the biomass associated with the inventory by ownership and
Department of Revenue stumpage valuation areas are reported below.

Inventory , Harvest and Biomass Update

The WA Biomass Assessment project is using forest inventory information from the Landscape Ecology,

Modeling, Mapping & Analysis (LEMMA) group located at Oregon State University. The LEMMA project
uses the Gradient Nearest Neighbor (GNN) method for creating large scale, high resolution spatial maps
of vegetation for analysis. Complete coverage of Washington State is provided by using multiple
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modeling regions from two LEMMA GNN projects: Mapping for Northwest Forest Plan Effectiveness
Monitoring (NWFP) ¢ model regions 221 and 222; Interagency Mapping and Assessment Project (IMAP)
¢ model regions 1 and part of 2.

The spatial information combined from the 4 modeling regions has been analyzed and results in 6085
unique forest class ID (FCID), or which 5998 are forested. Each FCID has an associated inventory that
results from the GNN process. This results in a base inventory for the date of the imagery used in the
GNN process. The satellite imagery used for the two LEMMA projects were from 2000 (for eastern
Washington) and 2006 for western Washington.

The information for the 5998 unique FCIDs were loaded into the one of six appropriate FVS variants for
Washington state to create the 2010 state wide inventory. Three steps were taken in order to update
the base inventory to 2010:

1) Grow non-harvested inventories forward from 2000 to 2010 for eastern Washington

2) Grow non-harvested inventories forward from 2006 to 2010 for western Washington

3) Apply harvests to inventories based on harvest summary information obtained from WA DNR
for 2000-2009 for eastern Washington and 2006-2009 for western Washington.

Summary files were created that contain stand level summary information for each FCID (See Table 1).

Table 1. Summary information for each FCID

Field Name | Description Units
RunName Name of management run (Core, Upland-2010, Inner-2020, etc)

County County number (integer)

HalfState Half state code (1=eastern, 2=western)

Variant FVS variant used for simulations (BM, EC, IE, PN, or WC)

FCID GNN FCID

StandName Unigue stand name encoding county-FCID-OwnerClass

TreatementID | Encodes halfstate/managementid/treatementid (definitions above)

Acres Acres represented by FCID

ForType Forest type classification

HabitatCode | USDA FS Habitat type code (FVS recognized)

HabitatNumb | USDA FS Habitat type number (FVS recognized)

Year Year for summary information

Age Stand age in years Years

TPA Trees per acre #

BA Basal Area Square feet/ac
SDI Reinike Stand Density Index

Ht Mean tree height Feet

QMD Quadratic Mean Diameter Inches

CuFtVvol Cubic Foot Volume (FVS calculated) Cubic feet/acre
MCuFtvol Mearchantable Cubic Foot Volume (FVS calculated) Cubic feet/acre
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BdFtVol Board Foot Volume (FVS calculated) Board Feet
CutTPA Harvested Trees Per Acre #

CutCuFtVol Harvested cubic foot volume (FVS calculated) Cubic feet/ac
CutMCuFtVol | Harvested merchantable cubic foot volume (FVS) Cubic feet/ac
CutBdFtVol Harvested board foot volume (FVS) Board feet/ac

Management zones and treatment scenarios were simulated for each FCID. Their summary information

is collected in Table 2.

Table 2. Management and treatment codes used in the inventory database

Code (columns) Code | Description
HalfState (1) 1 Eastern WA
2 Western WA
OwnerClass (2-3) 10 Private, Unknown
11 Private, Industrial
12 Private, Non-industrial
13 Private, Conservation
19 Private, Other
40 Municipal, Unknown
41 Municipal, Forest
42 Municipal, Watershed
49 Municipal, Other
50 Tribal, Unknown
51 Tribal, Forestlands
59 Tribal, Other
60 State, Unknown
61 State, DNR
69 State, Other
80 Federal, Unknown
81 Federal, Forest Service
89 Federal, Other
ManagementZone(4-5) | 00 Unknown (Private, Municipal, Tribal, State, Federal); Deferred (State);
No analysis (State)
01 Uplands (Private, Municipal, Tribal); General Forest (State, Federal)
02 Core Buffer (Private, Municipal Forestlands); Buffer (Municipal
Watersheds, Tribal, State); Restoration (Federal)
03 Inner Buffer (Private, Municipal); Dispersal Management (State); Buffer
(Federal)
04 Outer Buffer (Private, Municipal); Nesting & Roosting Habitat (State)
05 Wetland Buffer (Private, Municipal); OESF (State)
06 Upland Reserves (State); Reserves (Federal)
07 Withdrawn (Federal)
08 Water (Private, Municipal, Tribal, State, Federal)
09 Non Forest (Private, Municipal, State, Federal)
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TreatmentCode (6)

No treatment

Pre-commercial thinning

Commercial thinning

Clearcut, Regeneration harvest

Shelterwood, Regeneration harvest

Seedtree, Regeneration harvest

Restoration thinning

N[OOI IWIN|IFP|O

Uneven-aged thinning

Treatments are further defined in Table 3.

Table 3. Treatment scenario key

Scenario/Region/Forest Type

Owner

TreatmentDescription

Upland

Eastside

Douglas-fir (PSME)

Private, Industrial

THINBTA 5 @ 65; REGEN

Private, Non-industrial

THINBTA 5 @ 70; REGEN

Private, Conservation

Municipal, Forestland

THINBTA 5 @ 65; REGEN

Municipal, Watershed

Tribal, Forestland

THINBTA5 @ 70; REGEN

State, DNR, General Forest

Federal, Forest Service

Ponderosa Pine

Private, Industrial

THINBTA 5 @65; REGEN

Private, Non-industrial

Private, Conservation

Municipal, Forestland

Municipal, Watershed

Tribal, Forestland

THINBTA 5 @ 90; REGEN

State, DNR, General Forest

Federal, Forest Service

True fir/Mixed conifer

Private, Industrial

THINBTA 5 @ 65; REGEN

Private, Non-industrial

THINBTA5 @ 70; REGEN

Private, Conservation

Municipal, Forestland

THINBTA 5 @ 65; REGEN

Municipal, Watershed

Tribal, Forestland

THINBTA5 @ 70; REGEN

State, DNR, General Forest

THINBTA 5 @ 85; REGEN

Federal, Forest Service

THINBTA 5 @ 60; REGEN

Red Alder

Private, Industrial

THINBTA 5 @ 45; REGEN

Private, Non-industrial

THINBTA 5 @ 45; REGEN

Private, Conservation

Municipal, Forestland

THINBTA 5 @ 45; REGEN

Municipal, Watershed

Interim Report UW/TSS Consultants

Page 4




Tribal, Forestland THINBTA 5 @ 45; REGEN

State, DNR, General Forest THINBTA 5 @ 35; REGEN

Federal, Forest Service

Westside

Douglas-fir (PSME) Private, Industrial THINBTA 5 @ 45; REGEN
Private, Non-industrial THINBTA 5 @ 50; REGEN
Private, Conservation No treatment
Municipal, Forestland THINBTA 5 @ 45; REGEN
Municipal, Watershed No treatment
Tribal, Forestland
State, DNR, General Forest THINBTA 5 @ 65; REGEN
Federal, Forest Service THINBTA 5 @ 65; REGEN

Finish filling in westside

treatments

Inner Buffer

Private, Industrial

Private, Non-industrial

Private, Conservation

Municipal, Forestland

Outer Buffer

Wetland Buffer

Other

State, OESF

Federal, Restoration
THINBTA 5 @ 45 Thin from below leaving 5 TPA at age 45
REGEN Regenerate stand with habitat type specific

regeneration

In addition to the stand summary information for each FCID, we track tree information for each stand.
The information contained in the inventory is reported in Table 4.

Table 4. Tree inventory information for each stand analyzed

Field Name | Description Units/Comments
RunName Name of management run (Core, Upland-2010, Inner-2020, etc)

HalfState Half state code (1=eastern, 2=western)

County County number (integer)

Variant FVS variant used for simulations (BM, EC, IE, PN, or WC)

FCID GNN FCID

StandName | Unique stand name encoding county-FCID-OwnerClass
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TreatmentID | Encodes halfstate/managementid/treatementid (definitions above)
Year Year
Species Species code for record (NRCS codes)
Status Record status (L=Standing Live tree, D=Dead tree, C=Cut tree). Dead
trees are those that died since the last cycle
DBH Diameter Breast Height Inches
Ht Tree Height Feet
CRatio Crown Ratio (percent of tree height) Percent
Crwid Crown width (maximum) Feet
TPA Trees per acre represented by this record #
CuFtvol Cubic foot volume per record (need to expand by TPA for totals) Cubic feet/ac
MCuFtvol Merchantable cubic foot volume per record Cubic feet/ac
BdFtVol Board foot volume per record Board feet/ac

In modeling biomass production, we track trees that are harvested, and from them the biomass
associated with each. Information on these trees are summarized in Table 5. Note that this file contains
only the harvested tree records and is used as input to the biomass calculations.

Table 5. Cut tree inventory information stored in the database

Field Name Descriptim Units/Comments
Run Name of management run (Core, Upland-2010, Inner-2020,
etc)
HalfState Half state code (1=eastern, 2=western)
County County number (integer)
Variant FVS variant used for simulations (BM, EC, IE, PN, or WC)
FCID GNN FCID
StandName Unigue stand name encoding county-FCID-OwnerClass
TreatementID Encodes halfstate/managementid/treatementid (definitions
above)
Year Year
Species Species code for record (NRCS codes)
DBH Diameter Breast height Inches
Height Tree height Feet
TPA Trees per acre #
Cvol Cubic foot volume (Brown CVTS equation) Cubic feet/ac
TotalBiomass Total above ground biomass Pounds
(Stem-+LiveBranch+DeadBranch+Foliage)
StemBiomass Stem biomass (Brown CVTS derived) Pounds
BarkBiomass Bark biomass (Gholz et al. equation derived) Pounds
LiveBranchBiomass | Live branch biomass (Gholz et al. equation derived) Pounds
DeadBranchBiomass | Dead branch biomass (Gholz et al. equation derived) Pounds
FoliageBiomass Foliage biomass (Gholz et al. equation derived) Pounds
RootBiomass Root biomass (Gholz et al. equation derived) Pounds

TopBiomass

Top biomass ¢ not used, should be zero

Comment
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| using the Gholz equations |

For each cut tree we track the biomass associated with it. This information is summarized in Table 6.

Table 6. Biomass information stored in the database

Field Name Description Units/Comments
Run Name of management run (Core, Upland-2010, Inner-2020,
etc)
HalfState Half state code (1=eastern, 2=western)
County County number (integer)
Variant FVS variant used for simulations (BM, EC, IE, PN, or WC)
FCID GNN FCID
StandName Unique stand name encoding county-FCID-OwnerClass
TreatmentID Encodes halfstate/managementid/treatementid (definitions
above)
Year Year
TPA Trees per acre (should match CutTPA from *-Summary.csv) #
Cvol Cubic foot volume/ac (Brown CVTS equation derived) Cubic feet/ac
TotalBiomass Total Above Ground Biomass Pounds/ac
(Stem+LiveBranch+DeadBranch+Foliage)
StemBiomass Stem Biomass (Brown CVTS equation derived) Pounds/ac
BarkBiomass Bark biomass (Gholz et al. equation derived) Pounds/ac
LiveBranchBiomass | Live branch biomass (Gholz et al. equation derived) Pounds/ac
DeadBranchBiomass | Dead branch biomass (Gholz et al. equation derived) Pounds/ac
FoliageBiomass Foliage biomass (Gholz et al. equation derived) Pounds/ac
RootBiomass Root biomass (Gholz et al. equation derived) Pounds/ac
TopBiomass Top biomass ¢ not used, should be zero

It was necessary to apply harvests to inventories based on harvest summary information obtained from
WA DNR for 2000-2009 for eastern Washington and 2006-2009 for western Washington to update the
inventory (see step three above). Since the harvest information available was initially summarized by
county, our 2010 inventory was updated at the county level by harvesting an appropriate number of
acres from FCIDs that were older than 40 and younger than 150 years old. The stand age was derived
from the GNN inventory plot data and was determined by the age of trees in the inventory disregarding
remnant overstory trees.

This modeling of the harvest process was used to bring the inventory up to 2010 from the initial
inventory that was matched to 2000 (east side) and 2006 (west side) imagery. The approach was to rank
FCIDs within a county by volume and then take 1 acre chunks of the FCID until the county level harvest
was met. FCID's with less than 5 acres were not touched. If less volume remained than a FCID had a
lower volume FCID was selected. If the county level harvest was not met yet, then another pass was
made accumulating more volume. The number of acres is therefore approximately equal to the number
of passes necessary to meet the harvest target level.
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With ownership data from the database now available we were able to recreate the harvest process to
update the initial inventory to 2010. Using the breakout presented in Table 6 below, the harvesting
process was also implemented annually in the database using the base inventory to develop the 2010
inventory.

Table 6. Assignment of Pre-2010 harvest to Management Classes and Zones

Management Zone
Management Class | Inner Outer Uplands | Wetland Grand
Buffer Buffer Buffer Total

DNR 0.00% 0.00%| 15.00% 0.50% 15.50%
Forest Service 0.00% 0.00%| 2.00% 0.00% 2.00%
Industrial 1.00% 2.00%| 55.50% 1.00% 59.50%
Municipal 0.00% 0.00%| 1.00% 0.00% 1.00%
Forestlands

Non-Industrial 0.50% 1.00%| 11.00% 0.50% 13.00%
Tribal Forestlands 0.00% 0.00%| 9.00% 0.00% 9.00%
Grand Total 1.50% 3.00% | 93.50% 2.00% | 100.00%

The result of utilizing the database to calibrate the base inventory to 2010 conditions revealed several
issues. First, there are a small number of differences between FCIDs in the database and those
modeled. These inconsistencies are relatively few and are presently being examined further. We
believe these inconsistency are responsible for differences in the total inventory reported by (i) using
the database to sum each parcel (561 billion board feet) and (ii) the modeling exercises based on each
FCID (578 billion board feet). The 578 billion board feet determined using FCID with FVS model
simulations is down from the 615 billion reported in the initial interim report dated March 1, 2011. The
difference in total inventory from the last report to our current estimate from the growth and yield
models is believed to be a result of our efforts to improve the representation of FCID across Washington
state, which included a review of the growth and yield process associated with FVS models related to
several of the default habitat associations contained in the base data.

Survey and Interview Progress

Conversations with collaborators has produced the Harvest/Residual Volume relationship and allowed
us to determine the biomass recovery volume estimates and volume retained on site estimates. Table 7
summarizes the harvest volume, the percent suitable for biomass recovery, the potential biomass
recovery and the recovery metric. A total of 1.8 billion board feet is calculated as harvest volume. The
range of suitable volume for biomass recovery is from a high of 71% in the alder ecosystem to 40% in
the ponderosa pine ecosystem. As a result we calculate around 660 thousand BDT of potential biomass
recovery. These numbers lead to biomass recovery metric that ranges from .54 to .93 BDT per MBF.

Table 8 summarizes the current production, the percent recovered and percent left on site.
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Table 7. Harvest volume and biomass recovery by forest ecosystem

FOREST ECOSYSTH HARVEST WEIGHTED POTENIAL BIOMASS
VOLUME PERCENT OF BIOMASS RECOVERY
(MBF) OWNERSHIPS RECOVERY METRIC
SUITABLE FOR (BDT) BDT/MBF
BIOMASS
RECOVERY
Ponderosa pine 115,250 40% 42,850 0.93
(Eastside)
Douglas-fir/white fir 153,200 41% 50,546 0.81
(Eastside)
True fir/Mixed conifer 117,000 42% 34,576 0.69
(Eastside)
Douglas-fir (Westside) 783,800 48% 299,676 0.85
Western hemlock 505,350 54% 193,702 0.86
(Westside)
Red alder (Westside) 38,900 71% 8,124 0.54
True fir/Mixed conifer 97,150 52% 30,076 0.80
(Westside)
Total (State) 1,810,650 659,550
Table 8. Biomass processor estimates for production, recovered and left on site
CURRENT BIOMAS PERCENT BIOMA! PERCENT
PRODUCTION (BD RECOVERED BIOMASS LEFT|
Eastside 144,500 61% 39%
Westside 287,000 61% 39%

Calculated Biomass Volumes Based on Inventory by Stumpage
Valuation Areas and Ownership

We present preliminary calculated volumes of biomass below. The calculated volumes on based on a
2010 harvest of 2.2 billion board feet from a harvestable inventory of 480 billion board feet. The 480
BBF excludes unharvestable inventory in wetlands and areas that are considered offbase.

Figure 1 breaks out the distribution of the inventory by ownership and stumpage valuation areas (SVA).
Figure 2 breaks out the volume of the inventory by ownership and SVA.

Interim Report UW/TSS Consultants Page 9



- Federal
|:| Municipal
B Frivate
[ stae
] ribal (

SVA 10

22.9 billion bdft
SVA6

42.6 billion bdft

\

SVA 2
| 63.2 billion bdft

Figures 1 and 2.

Interim Report UW/TSS Consultants Page 10



Figure 3. SVA
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Table 9. Acre distribution of 2010 harvest by ownership
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SVA Federal Private State Other Total
1 190 3,922 1,189 - 5,301
2 134 9,000 4,359 1,527 15,020
3 24 2,336 1,782 1 4,144
4 358 14,550 3,666 149 18,724
5 130 7,827 4,163 5 12,125
6 391 2,589 1,203 - 4,183
7 2,710 7,985 3,596 10 14,302
10 543 151 - - 694

Total 4,480 48,361 19,958 1,693 74,493
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Table 10. Biomass (tones per acre) distribution of 2010 harvest by ownership

SVA Federal Private State Other Total
1 24.89 25.24 33.61 - 27.11
2 39.71 29.23 34.84 33.19 31.36
3 8.04 26.96 31.75 20.04 28.91
4 28.20 24.87 25.65 17.34 25.03
5 26.16 21.19 24.07 10.26 22.23
6 17.90 12.47 4.38 - 10.65
7 17.07 9.96 10.27 5.40 11.38

10 10.79 8.68 - - 10.33

Table 11. Commercial Harvest Volume (MBF per acre) distribution in 2010 by ownership

SVA Federa Private State Other Total
1 29 33 50 - 37
2 37 38 38 31 37
3 11 33 40 30 36
4 49 35 39 27 36
5 52 30 35 32 32
6 23 12 5 - 11
7 18 13 13 2 14

10 11 6 - - 10

Tables 9, 10 and 11 summarize the calculations from the inventory database on a per acre basis. A total
of 2.2 billion board feet of commercial volume were removed from the inventory. Biomass reported in
the table is measured as the total above ground biomass minus stem biomass, and amounts to 1.7
million tons. We have not yet investigated the weighted percent of ownerships suitable for biomass
recovery and will be investigating the findings from the survey and interviews with our calculated values

reported above. Hence the numbers presented above should be considered preliminary.
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