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Executive Summary

This report provides an analysis of forest carbon storegdand avoided emissions directly related to fuel reduction
thinnings for sample plots in eastern and western Oregon.

Primary Goals

1 Determine the level of egite carbon storage under differgémnning prescriptions and in different forest types.

1 Analyze pot-level forest carbon pooblnd carbon fluxesver a 56year period. Compare alternatitrénning
treatments with a no thinning scenario.

1 Estimatetheamountof carbontransferred ttnarvested wood producisarbonemissionof biomass burningor
energy production, and avoided carbon emissions from not burning fossil fuels

1 Determine if revenue frotarvested wood products from tienningtreatment could pay fdahe thinning under
specified market and harvest unit assumptions for one tigratienarigt h breakeven scenario)

Methods

1 Plotswere chosen from the Forest Inventory and Analysis (FIA) National Program and the Current Vegetation
Survey (CVS}o represent a range of common landscape types with stand conditions that showad fosttrel
reduction

9 Plots were all fronDregon, including the Eastern Cascade, Western Cascade, and Blue Mountain #ekgions
wide range of stand agessgincluded (21269 years for Eastern Oregon/Blue Mountains and2@years for
Western Oregon).

1 Thinning scenarios were developed to meet specified torching and crowning thresholds. All simulated thinnings
use a Athin from bel.Awoootrol(no bawest sbenania) is comparedt differena ¢ h
treatments.

1 Carbon poolsvere estimatedsing the Fire and Fuels Extension (FFE) of the Forest Vegetation Simulator (FVS)
with manual adjustments and additions to address known model limitations.

1 Estimated harvest costs were based on the Fuel Reduction Cost SimulatoMfeRG.Estimated timive
revenues were based on ODF data.

Findings

9 Forest carbon pools always immediately decreased as a result of a fuel reduction thinning, with larger differences
in total carbon pools resulting from heavier thinning treatments.

9 After thinning, forest carbopools (both total and standing live aboveground) remain lower throughoeyeab0
period for all simulated plots in eastern and western Oregon. The difference in total carbon pools between a
thinned and unthinned plot is dependent on the level of laredsig tree inventory reduction. A heavier thin
tends to reduce carbon pools more than lighter thins throughoyeab8imulated period.

1 Carbon pool estimates for thinned stands were still lower than unthinned stands even after accounting for carbon

transfer to wood products and avoided emissions from fossil fuels for energy productiosirAttating growth

Impads of Thinning; HNALREPORT vii
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in the stands fob0 years the average difference in net carbon balance between unthinned and thinfardhpdots
three age groupsinged betweae73.5 103.4MgC/ha in Eastern Oregon 12187 128.6 MgC/ha in Western
Oregon. Carbon losses on site account for the bulk of the effect of thimmiceybon Carbon retention in wood
products and avoidesmissions from fossil fuels tend to offset #guipment emissions and emissions from
burning biomass for energy, but not the loss of carbon from forest on site.

1 The following figure (adapted from Table 15) shows that, regardless of the-sitglehinning regime used, the
ANo Thi nni mregltdistheemost caiban remaininggite following 50 years. The figure accounts for
emissions from equipment and emissions from biomass burning, and also accounts for paper/lumber products
sequestered after 50 years, and offsets from burning bidmass ener gy i nstead ofo f os:
in the graph includes all gains and losses in carbesiterb0 years after either no thinning, or 50 years following
a thinning from a single entry.

Carbon budgets over 50 years for alternative thinning scenarios and no-thinning /control scenario:
averages for all plots in Eastern and Western Oregon

100
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40
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9 For the plots examined, it is generally posstbleeach specific fuel reduction goals with revenues exceeding
treatment costsThere are notable exceptions in younger plots, particularly in plots with relatively few larger
trees (as measured by DBHf)administrative costs are included, treatmentsasay exceed harvest revenues on
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federallands. Financial viability is significantly affected by many stdegendent variables, including current
stand structure, average distance of wood from roadside, average distance of stand to mill/plantpand curre
market prices.

1 Burning biomass from forest fuel reduction thinnings results in avoided carbon emissions from fossil fuels. Due
to relatively low energy density, biomass has greater carbon emissions from the boiler per energy unit produced
(CO, emissios per kwh or BTU produced) when compared to carbon emissions from fossil fuels (coal, natural
gas) per energy unit produced.

1 All thinning scenarios on all plots without exception resulted in a significant loss of carbon relative to a no
thinning scenariol his suggests that the findings mayapplicable to other forest types and thinning
prescriptions.

Key Assumptions and Limitations

Ourkey assumption is th#le life cycleanalysis of carbon stores and fluxes begins with initial carbon
storesin the standgrior to thinningas described bylaness 20091n other words, our analysis starts with
existing forest condition and measures the net change in carbon stores due to the thinning trédtiisents.
assumption contrasts with other studies (d.igpke et al. 2004) thatart withbare ground as a system
boundary. The results (and potentially the conclusions) can be dramatically affected by the choice of
system boundary.

1 Not considered in this analysis:

o

Effects of fire on carbon pools and flukhis includes any potential pesiin treatmentsin this

study, we do not estimate whether carbon emissions from prescribaddiar wildfirewould (over
repeated cycled)e higher or lower after thinning.

Soil carbon and fine roofsoots less tha@ mm in diameter).

Emissiongdue to consumption alectric powein lumber and paper productiolmcluding these
emissions wold increasahe greenhouse gamissions for each of thibinning scenarios.

Disposal methods for wood products (e.g., recyaing use as biofuel)n this analysis, wood
products are assumed either taken to a landfill or burned as an energy source.

Effects of climate changg.g., temperature, precipitation).

Vegetation m-growth This report assumes thatgnowth is managed witregular treatment (e.qg.,
with herbicides) that limits kgrowth.If in-growth is allowedand fire is suppressedstimates of
carbon pools ogite may significantly increase, especially for longer time periods.

Emission reductions from substitution effeof wood products for more energy intensive alternative
building materials (such as concrete, kyrior steel)Inclusion ofsubstitution effects would decrease
carbon emissions for thinning scenarios.

Because this is a pltgvel study where plots were chosen based on specific criteria (stand age, specific stand
structures, specific dominant species), study results cannot be extrapolated digectidoal analysis.
The analysis assumes that there is rentey onto the site in ¢hnext 50 years. The stand projection is shown

for illustrative purposes only; it is not intended to be a management prescription.

Impads of Thinning; HNALREPORT iX
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Future Work

There are several potential areas of study that can support and enhance work begun in this repoudTdioses
the gap on some of the limitations presented within this report.

An expanded analysis would improve regional understanding of forest carbon stores in varying conditions. Inclusion
of one or more of the following variables would not only expiuedscope of this report but also enhance the results
presented from the study.

9 Effects ofprescribed fire andildfire intensity and frequency on carbon stores.
1 Effects of strategic placement of thinning on carbon stores for larger areas.
o Effects of thinning in easily accessible areas (e.g., near resdB)nning over larger areas.
o Urban thinning.
9 Effects of varying the price for biomass
0 Sensitivity analysis of biomass price (and potential impact of financial subsidtb@ning regirs).
T Inclusion of thinning regimes as partabroadestrategy to improve forest health or in response to
insects/disease (e.g., beetle kill).
9 Establish a more detailed time profile of carbon. This would include an annual carbon budget over a given
time frame instead of a carbon budget at less frequent intervals.
1 Sinceall thinning treatments reduced carlsiarageover a 50year period, it ipossiblethat additional
entries would further reduce carbstores In order to mordully understand theffects, a more complete
forest management should be included in future work, instead of a single management action (thinning).

Joshua Clark
John Sessions
Olga Krankina
Thomas Maness

College of Forestry
Oregon State University, Corvallis, OR
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Introduction Suggestions for further research are included. The
There is growing interest in improving the resilience deader is encouraged to use the reference section to
forests to fire, insects, and disease in the Paciff€C€SS more detailed information. Some of the topics
Northwest and in biomass recovery for energ§iscussed in this report (suchs fuel reduction for
production (Graham et al. 2004; Lord et al. 200B)ere Wildfire mitigation) currently eithehave mixed results
has also been extensive analysis and dsseoson the or may lack Scientifi_c consensus, and we identify these
impact of forest management (and other disturbances)@gas when appropriate.

forest carbon stores and fluxes (Krankina and Harmon

2006). Other studies have developed regional estimai@®del Overview

of forest carbon stores (Dushku etz007). This section describes a model that simultaneously

analyzes the economifeasibility of a fuel treatment

The purpose of this study is to determine the level of Oahinning) and the impact of the forest treatment on

site carbonstoresat a plot levelunder different fuel forest carbon pools and fuel loading at a plot level. For

reduction thinning operations in different forest types each plot, a customized treatment is implemented

Oregon Some offsite carbon estimates are made ggllowing an analysis of the current situation using

well. A collection of reIatin/ densday StOCkdelOtSW&S several dteria. The procedure and results for an

chosen from five Oregon counties in the Western aggtample plot are described in detail and the procedure is

Eastern Cascades, southwest Oregon, and the Biwén applied to all plots. The analysis groups plots into

Mountains region. age groups and regions, then notes differences between

groups and possible causes for these iffees.

The carbon pools of each plot for thinned and unthinned

scenarios are projected and compared. The m3ultThe objectives for this study integrate botarbon

simulated carborstoresand carbonfluxes from this accountingand economic considerations.

model are not intended to be extrapolated to regional or

landscape levels, and are restricted to a-lpl#l Model objectives include (not necessarily in order of

analysis. To simplify the analysis, & limit our jmportance):

examination to a subset of possible pradend uses.

Therefore, the model does not comprehensively descripe |mplement thinning reginge for each plot that

all potentialcarbon fluxes A life cycle analysis would reducemodeledfuel loading.

more fully define carbotransferdor alternative product 1 Identify and quantify carbon losses in the carbon

uses. poolsthat occur for each plot after thinning.

1 Estimate carboriluxes for removed trees and any
potential carbon displacemety replacing fossil
fuelswith biomass for energy usage
For each plot, include one breaven forest
treatment with a forest harvest system (including
transportation, processing, mewe and setup costs)
that, when implemented, does not result in a net
financial loss for the landowner. To facilitate

The report is organized as follows:

Plot-level model approacand design

Choice of plotlevel simulator for tree growth
Carbonfluxes

Scope of this study

Plot selection

Detailed example plot to show methodology
Broader analysis of plots, fewer details shown
Overall results from analysis

Discussion

Suggestions foruture analysis

References

Appendices (primarily detailed results)

=4 =4 -_8_-_9_-9_-9_48_92_9_-29_--19_-92

harvesting cost accounting, harvestingiegschoice
was limited to awvhole tree harvesting systenThe
harvesting system choice may affect the breakeven
thinning scenario, but does not significantly affect
the relative carborbudget for the light and heavy
thinning scenarios.
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The parameters fathe modelare customized for each
plot. The general construction of the model and the

interaction between objectives is shofisigure J.

Eastern
Western Blue
Cascades .
Cascades Mountains
For each plot
Assess Fuel Reduction

Meets Fuel No | choose thinning
Reduction regime

Goals?

Yes

Implement
Thinning Regime

Economic Analysis
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Pools Remaining

Analyze Carbon
Transfers and
Fluxes

Figure 1. Model flowchart with objective interaction.

Thin is expected to pay for itself.

Thinning Prescriptions
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thinning regime to be effective in reducing crown
fire severity in ponderosa pine.

Since the smallest trees
for themsel veso i n a t hi
proportion of larger diametertreésup t o 200
may also be removeith the breakeven scenarios or

to achieve low stocking leveldut the largest trees
within a plot are left if possibleLargest trees are
determined by diameter at breast height (DBH),
which is a diameter estimate 4.5 ft (1.37 m) fritra
ground.

Brush and smaller treein the understory are
identified as a potential fuel ladder, and smaller
vegetation not removed from the stand is trampled or
crushed in the simulatioht hi s i ncl udes
DBH).

Treated plots should meet bothuef hazard
measuremengoalsand for the breakeven scenario,
economic requirements immediately following the
thinning if possible

It is not implied that this thinning prescription should be
applied across a more complex landscape level. This
_ , , , prescripton strategy is simulated only for these isolated
Light Thin and Heavy Thin scenarios are not piots. A thinning prescription at a regional scale (e.g.,
expected to pay for themselves, but the Breakeven,:inney et al. 2006)could consider many factors,

including

1

Long-term prescription alternatives for the stand.

There are many potential thinning prescriptions that can prescriptions/species/ fuel loadinfygs surrounding

vary due to landowner objectiveand constraints

stands

Objectives may inclde (1) increased wood productiong  Fire hazards that are not necessarily measured by
(2) increased resistance to fire, insects and disease, ande| |oading (e.g., topography)

(3) enhancement or control of plant and animal habitats
(Nyland 2002; Graharat al.2004).The purpose of this
report is not to advocate one thinning prescriptioer
another, but to show carbatores and fluxegiven one

set of objectives. A regional plan would likely integrate
multiple spatiallydependent objectives into a IargeﬁIJ
n

scope . Several thinning intensities are simulated, rangi

from a light thin to havier thinnings.

To maintain consistency between plots in this analys%,
the general criteria for thinning each plot includes:

1

i Stands are to be thinned from below (low thinning),

where smaller diameter trees are removed from

dense stands. Pollet and O@002) have shown this

Desired combination of tree species and stand
structureqe.g., Fiedler et all998)

Wildlife considerations (e.g., endangered species,
fish/bird/anima habitat requirementsjHayes et al.
1997)

Susceptibility to insects and/or disedbtessburg et

al. 1993)

Watersheds and proximity to riparian areas
Aesthetics and recreational potenffatott 1996)
Accessibility to harvesting equipment
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Thinning andfuels treatment only temporarily reduce€arbon Fluxes

fuel loading within a stand. In order to be more effective

over the long term, it is necessary to implement Rigure 2 shows an example of carbon stores and
strategy (such as prescribed burning) that woubtksociated carbon fluxes used in calculations for this
periodically reduce surface fuels (Weatherspoon 199@yport.

ard possibly to reenter the stand for periodic thinnings

(Keyes and 006 Har Huxeedssbdajed The Jtdres are caltatbdoas follows:

with a prescribed burror re-entriesis not included in

this model. Even though fire behavior may be more { Total Carbon on Sité Carbon on site in any
influenced by weather conditions andpography given year.

(Bessie andJohnson 1995), fuel loading is still an q
important variable affecting stand mortalitya wildfire.

From a strict carbon savings perspective, there are

Biomass for Energyi Carbon processed
(burned) for biomass energy in the year of

currently two views concerning the effects of wildfire harvest. Combination of slash/small trees
following a fuel reductiorireatment (Ryan et al. 2010): (primary  source) andresidues from the

lumber/papemanufacturingprocess (secondary
{1 Some studieand modelshowlesscarbonloss from source).

]'Eh:Inne_d stands(c?mpared to unthinned stands) ¢ |ymber Products Carbon stordransferredto

o e lumber products from harveahd manufacturin

T Some studiemnd modelsshow that in most forest ) P g
types thinned stands have lessarbon than process

unthinnedstands at a landscape level following a T Paper ProductsCarbon store allocated fmaper

crown fire. products from harvestand manufacturing
process
Regional esearch comparing Eastern and Western 1 Paper/Lumber Régue i Carbon store

Cascades suggedtsatif thinningever reduces total net
carbon loss from thinning combined with subsequent
wildfire, it would likely only be inEasternCascade

transferredto paper/lumber process, but not
converted to paper or lumber products. Some of

ponderosa pine stands with dense undergiditghell et this store is allocated to biomass for energy, and

al. 2009). the remaining portion is assumed disposed in a
landfill (1% decay rateassumed’ decay rate

Choice of Model to Project Forest Carbon used in other models: e.g., Hennigar et al. 2008
Landfill i Carbon storeto where paper and

There are several models developed to simulate forest
carbon i for example, Harmon and Mark§&002
simulate forest carbon on a landscape level. This
analysis is conducted using a growth and yield model. to be 1%.

There are several forest growth and yield models -
available for the Pacific Northwest region (Marshall Some. _oth_er qarbon fluxes are nepec.lflcglly
2005). The Forest Vegetation Simulator (FVS) was qu_ant|f|ed in this report (e.g_., Impact O.f th'”””?g on
chosen as the growth and yield model for this study soil carbon, fossil fuel emissions sa_(slated with

is commonly used for both national and regional stand enegy ngeds of product manufacturing, effects of
projections, has an integrated graphical user interface _SUbSt't,Ut'on Of.WOOd produpts for more energy
(SUPPOSE Crookston 1997), and also has a biilt mtenswe_materlals_). Accounting for f[lmaddltlonal
Fire and Fuels Extension (FFE Reirhardt and C fluxes isa complicated procesmd is beyond the

Crookston 2003) that has been used to estimate forest scope of this report. Howeverthese factors
carbon pools over time (e.g. Manomet 2010). collectively would notbe expected to change the
overall conclusions  of the study

lumber products are assumed transferred
following use The landfill decay rate is assumed
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23.0 C, =123.9
> Cs, = 105.6
Total C Harvested: 41.3
,
13.6 . ) "
' Manufacturing Paper Lumber
2.2 Waste Products Products
Atmosphere Co =48 C, = 4.2 C, =187
Cso =0.0 Cy =0.0 Cso =79
A 4
Bi burni Biomass for 4.2 /|0_8
iomass burning Erm. P
158 C, =15.8 2.6 ) =176
C5o =0.0 C, =13.7
1

Figure 2. Calculated carbon stores andfluxes associated with ahinned plot. Example fori He a v y
s ¢ e n aAllicarbdn stores are in MgC/ha. Subscipts indicate year after thinning. For example, G is the
carbon store in year Oimmediately following a thinning. The two fluxes accountedor (but not shown) are (1)
fossil fuels emissions in harvest operationsl (f MgC/hg and offset of fossil fuels from burning biomass§.3

MgC/ha).

Carbon Accounting Methods Usedn this Report
Carbon pod arecalculatedat 1 yeaiintervals over a 50 resulting from thinningjvere accounted for:

year timeframefor each selected plot with the goal td] Emissions from equipment
account for all C emissions and sequestration associafed Avoided carbon emissions when burning biomass

with thinning and nehinning scenariogFigure 3. The
results are shown in Appendix F and the summary
carbon budget is callated by summing uphange over Carbon Store on Site

50 years in the following C pools

9 C store on site

1 C removed from site by harvest:
0 paper and lumber products
0 manufacturing waste

0 productand wastalisposal in landfills

0 biomass for energy

In additiontwo fluxes (or changes in fossil fuel C store

for energy instead of fossil fuels.

Forest carbon pools are divided into seven categories in

the FVS FFE extension:
(1) Standing live tree@bove ground)
(2) Below ground live,

(3) Standing dead trees,
(4) Below ground dead,

Impads of Thinning; HNALREPORT
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(5) Forest floor,
(6) Downed dead wood, and Carbon Fluxes from Thinning Operations
(7) Shrubs andierbs. Sources of carbon as a direct result of a thinning

operation include carbon emissions from logging
The FVSFFE extension simulates periodic carboBquipment (both in the field and on the landing) and
estimates foeach of the seven categories. The FFE  carbon emissions from trucks/chip vans.There are
biomass estimates (and subsequent carbon estimatesyd@ral sources of carbdar a thinning scenarjoand
not include stem bark biomass or stump biomass. Baiktimates are based on machine fuel consumptitie.
components have been manually atiflesing allometric assumedall equipmentis powered by diesel enginés

equations) for each tree. Additional details of the modgpproximately 6.06 Ibs of C are emitted for each gallon
(including allometric equations) are included irbf dieselfuel (EPA 2005).

Appendix E.
Once a thinning scenariois defined for a given forest
The FVSFFE model simulations for each thinning stand (e.g., 3@reentons removedacre, 10% slope, 1
prescriptionprojecs the following transfers of carbon:  acre/day, 8 hr day, 90 minutastransport to mill/plant),
1 C in rootsof harvested trees is added to belowhe amount of carbon released to the atmosphere as part
ground dead store of a thinning scenariocan be estimated. Diesel

1 C from slash, logging residue, and whole treé‘sonsumption rates vary based on wiwad. We

o s . estimatefuel consumption rateasing an engine work
o DBH left on siteqdald QUi 5o dat b b i o 10
scenario is added to downed dead wood. indicates that the engine is continuously producing full
{1 Default regional decay rategith the FVSFFE rated horsepower For thinningscenariosn this report,
modelare used foslash/duff/litter. relatively low load factors are assumed (@.%5) except

T C removed from the sifq ¢lotg with sieepgrground glopgss whgre Bhey, o 1

Fremovedd. factors_ are assumeq. D|e_sel is assumed to be 7 lbs/gal,
and diesel usage is estimated at 0.4 Ibs pehrhp
Carbon emissionsfrom harvesting equipmentan be
estimated aa plotlevel (Table 1)

Table 1. Example of estimated tos of carbon emitted during harvesting and transport for

each ton of carbonremovedfrom a thinning. Harvest and transport estimates are based on
fuel consumption (Ibs) per productive machine hour(PMH). Harvested wood is at 50%
moisture content.

Est. Maximum Power |Est. Diesel| Est.C Productivity Operations
Equipment (HP) {gal/PMH) | (Ibs/PMH]) | (tons C from forest/PMH) | (tons emitted/tons from forest)
Feller/buncher* 240 5.49 33.26 3.75 0.0177|
Grapple skidder® 120 2.74 16.63 3.75 0.0089|
Log loader 200 4.57 27.72 7.50 0.0037|
Chipper 300 17.14 103.94 15.00 0.0069)
Processor 200 4.57 27.72 7.50 0.0037|
Log Truck 400 8.00 43.50 4.33 0.0112]
Chip van 400 8.00 43.50 4.33 0.0112]
Total 0.0633|

*Assuming that 3Qyreentons/acre are processed, at 1 acre/day.

In this example, an estimated 6.@ns (R0 Ibs) of for trees farther from the road, and for sites farther from
carbon are emitted by the thinning activity for each tamills/plants decreasfor a thinningnearerto the road or

of carbon extracted (assuming wood that is extracted e mill. The emissions estimate assumes that chipping
50% moisture content). This estimate would increase done on sitd if forest residues are transported then
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chipped with an electripowered chipper (more Wood products are separated as follows:
efficient), overall carbon emissions would likely
decreae depending on load density of the transported § Hog f uel (Adirtyo (xchi6ms)

unchipped residues to the chipping location. DBH) and the brancls#tops for larger trees that
are transported to the landing are fed into a

Carbon in harvested material chipper and processed into chips.

Carbon removed from each plot by thinning was ¢ Primary sawmill products: Include dimensional

estimated with FVSThe allocatiorof removed biomass lumber.

into forest products depesdn many factors, including T Mil | resi dues: Il nclude

regional market supply/demand, proximity of processing used in the primary product, such as bark,

facilities, wood product quality/species, log sizes, and sawdust, planer shavings, and chips.

mill efficiencies. Several assumptions are made in order oBarkimay be used for fbeaut

to estimate final wood products. o Sawdust may be used for paper, particle board.
ofi Cl e an ®may hei upes for paper, particle

In the model trees are separated inBocategories: (1) board.

smal |l est trees (& bBréastthdightmet er over bar Kk

(2 smalltrees 30 <an@0 di ametatrEstimates rof sémenill kesidues and final products are

breast height and ( 2) l arger t awiade fofOBgos @randtiettam2006® rThesulting r

bark at breast height Smallest trees areampled and estimatesof sawmill outputsare based on a statewide
left in the field. Small trees have only one product usaverage recovery factor of 2.07, which varies due to mill
(biomass for energy)but the end produstfor larger efficiency, log size, and scalingThe carbon allocations
treesaremore diverse. Since most of the trees removéidm mill gate to final producare usedo estimate the

in thinning are relatively small, it is assumed that all logsarbon transferred to various wood produétgre 3.

gr eat er DBH hra transpodted to sawmill and We assume that lumber and paper products are separated
then sawn into dimensional lumbewith residues used as 62% toward lumber and 27% toward paper.

for paper and energy disposed of in a landfill
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Sawmill Process

____________________________________________________________________

Unutilized
0.1%

Pulp/Board
27%

Figure 3. Estimated sawmill residues and final products(by weight), based on Brandt et al. 2006.

Manufacturing wast e i nc The & & widd Fange of didifes fiorQvodd @rodaicts a n d
AUnut i | i Agerd 8 asfwelloascarbon from theTable 2 shows some examples (Skog and Nicholson
paper manufacturing process that is assumed not stot®88). This report takes a simple approaehpaper
within paper . Tassemediusad eowabdprpdoctstare assumédgo haealf-life of 1 year, timber
biomass for energy, and the remaining manufacturipgoducts a halfife of 40 years, and biomass for energy
waste is assumed transferred to landfill (with a 1% assumed to be burnedid emitted to the atmosphere
annual decay rate) within a year.

Carbon in wood poducts Table 2. Harvested wood product estimated haif
The amount of carbon retained in wood products ovellife of carbon (years)for different end uses (Skog
time is estimated with an exponihtfunction with set ~ and Nicholson 1998).

half-lives for each woodgroduct The method used in End Use Half-Life
this report to estimaté&ransferredcarbon over time is Single_family homes{post 1950) 100
similar to the fisi Roberssonde c a paets 5
2003)- Furniture 30|
~ Paper (long-lived publications) B
YQnR o Qi ® Qi QOO dd Paper [other) 1
#ACMIARC —%T h Carbon in landfil
P EATTHI EEA We assume that carbon that is not retained in wood
products (both paper and lumber) is transferred to
wheret £ 6 a6 QN1 £ Q6 GO i landfill. We make simplified calculations for this pool to
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estimate the amount dhe end of 5@ear projection wood, and decays over time using default FVS regional

period (while all other pools are estimated on an annuidcay rates.

basis (Appendix F). The decomposition rate 9 fder

yea and the time interval is 25 years (half of-y#ar In FVS, hetorching and crowning indices are impacted

projection period) by increased fuel loading from slash but the effects are
seen only in the short teriless than 5 yearsys the

Carbon in slash harvested and utilizeds source slash decaysThe effect of slash removal on soil

for energy nutrients is an important site dependent factort tha

In the model for thisst udy, al |l st esheuldkexensideyere.g.gPddgmroese et al. 2010),

fitr amsing @rd FVS keywoddand left on site. butan analysis is not included in this report.

This keyword affects crowning and torching index

estimates; tramplestems contribute to the downed deadvoided carbon emissionscomparison of carbon

wood carbon pool. The anount of slashfrom larger emissions between biorea and other energy

trees ( > Bemoved Bdi) the forest in asgurces

mechanized logging operation varies widely. Removgoth heat and electricity can be extracted fromaiss.

rate estimates of slash froputto-length mechanized The Komass input requirement per MWhour for a

logging range from 5/'5% Mellstrém and Thoérlind standalone biomass electric power generation plant

1981; Sondell 1984). depends on biomass moisture contefihe relationship
between input biomass and output electric power can be

It is assumed that the removal rate of slasB0%, using found, asuming that 33% of energyutput from the

a wholetree logging system fathis study.We assume poiler can be utilized for electric powgFable3). The
that the slaslremoved from siteis transported and dry tons of biomass required per MWgur are a

burned as biomass fuel, instead of piled and buomed fynction of biomass moisture content.
site.  Transportation costare included inthe model.
The 20%of slashleft onsite isincluded aslowneddead

Table 3. Estimated forest biomass requirements as a function of woadoisture content.

MC MC  |Dry Fraction| Recoverable Recoverable | To Electricity | To Electricity |Green Tons| Dry Tons MWW-hr
dry basis|wet basis| wet basis | BTU/green Ib™*| BTU/ green ton |BTU/green ton | Kw-hi/ green ton| Per Mw-hr |Per Mw-hr|Per Dry Tan
0 0.0 1.00 6500 13,000,000 4,333,333 1270 0.79 0.79 1.27
15 13.0 0.87 5400 10,800,000 3,600,000 1055 0.95 .52 1.21

30 23.1 0.77 4700 9.400.000 3,133,333 918 1.08 0.84 1.19
539 350 0.65 3700 7,400,000 2 466,667 723 1.38 0.90 1.11
66.8 40.0 0.60 3300 6.600.000 2.200.000 645 1.55 0.93 1.07
81.7 45.0 0.55 3000 6.000,000 2.000.000 586 1.71 0.94 1.07
100 50.0 0.50 2650 5,300,000 1,766,667 518 1.93 0.97 1.04
122 550 0.45 2100 4,200,000 1,400,000 410 244 1.10 0.91
150 60.0 0.40 1800 3.600,000 1,200,000 352 284 1.14 (.68

Given the assumptions from Tabld, the carbon biomass combined heat and pow€E€HP) units,
emissions from biomagzoduced energy from a stand assuming 33% electrical conversion from the boiler.
alone unit can be estimated and compared to emissi@iemass fuel produces more Qper MW-hour

from alternative sources of energy (USDOE 20l1@opmpared to other fossil fuel sources when used as a
(Tabled). The efficiency of a biomass plant depends mstandalone source for power. The difference between
moisture content the analysis in Tablé assumes 45% biomass and fossil fuel is closerafectric power is not
moisture content for forest residue$able 4 compares generated, and instead 80% of the energy from the boiler
carbon emissions between energy source alternativesiforused for heating. When comparing £0utput
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between forest biomass and fossil fuels, forest biomadsslude alternatives or other emissions for each energy
has a higher CPOproduction per energy unit producedsource.
This analysis agjes only to boiler output, and does not

Table 4. CO2 output ratios of fossil fuels compared to wood biomassfogsil fuel
estimates from U.S. Dept. of Energy 2000)or example, natural gas releases 38% of
CO2 per MW-hour of electricity or 54% of CO2 per MM BTU as compared to the
wood biomass.

Stand-alone

Electric Plant
Assumptions: 45% MC {Wet Basis)
25 MW plant
Uptime: 20 hrs/day
33% from boiler
converted to electricity
Calculations 0.94|bone dry tons per MW-hr
Biomass 0.47|tons Carbon per MW-hr
940|lbs Carbon per MW-hr
3450|lbs CO2 per MW-hr
Compare Percentage
to Biomass of Biomass
Coal 2117|lbs CO2 per MW-hr 61%
Petroleum 1915|lbs CO2 per MW-hr 56%|
MNatural Gas 1314|lbs CO2 per MW-hr 38%|
Combined

Heat and Power

80% from boiler

Assumptions recovered for heat
Calculations 4800000|BTU recoverable for heating per green ton

0.94|bone dry tons per 4300000 BTU

3450|lbs CO2 per 4300000 BTU

719|lbs CO2 per MM Btu

Compare Percentage
to Biomass of Biomass
Coal 620|lbs CO2 per MM Btu 86%)
Petroleum 561|lbs CO2 per MM Btu 78%|
MNatural Gas 385|lbs CO2 per MM Btu 54%|

Impads of Thinning; HNALREPORT 9
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Carbon emissions for Energy Alternaigv For example, a mechanical thinning will disturb the
There are several types of coal that are utilized fégrest soil (rutting and compaction), and increased
electric power in the US, and can be classified by idisturbance likelyincreasescarbonflux from the soil.
density of carbon. The G@utput per pound of coal is However, the net effect on carbon pools within the soil
lower for ranks of coal with a lower percentage cind soil respiration into the atmosphere,hiles
carbon, but theenergy output per pound of coal is potentially relatively large, is difficult to measure (Ryu
smaller as well. Historically, not just carbon esims et al. 2009), even though some estimates of carbon soil
are considered when comparing different types of toalosses have been estimated in agricultural processes
for instance, sulfur compounds are lower for -sulfe.g., Smith et al. 2010). As a result of théiculty in
bituminous coal.Coal plants find it cheaper to use coameasuring soil carborstores and fluxes (and no
with lower sulfur content instead of scrubbing coal witestimates through FV8)is not included in the model.
higher sulfur contentin the example subbituminous

coal outputs are compared to biomass as a substitRtet Selection

source of electric power. Production and transportatigfhere are @0 plots from five counties (three FVS
emissions are relatively lovestimated asess than 2% yegjong that have been selected for simulation in FVS
of potential energproducedor coal(Spath et al. 1999). (Table 5). The plots are separated into age gréops

_ _ _ simplicity when results are presented.
Life of Wood Productsi Other Considerations

At least three factorgnot directly dealt with in this t.1c 5 Plot Location Summary
report) make wood product life cycle assessments
difficult (Profft et al. 2009):

Plots at
1 Wood products may be replaced by new produc least
before the physical eraf-use peiod, for a variety Region County | PlotCount | 160years
of reasons. Eastern Cascade Wasco 21 4
T Some londived products (e.g. laminated beams Jefferson 22 3
have largely unknow_n _Ilfe spans. _ Western Cascade Linn 17 0
i Some wood waste idisposed of in landfillsand
Douglas 15 4
burned wood wastmay or may not be used toward Sloe Mountan Crook > 2
energy production. Se voamare o
Total Plots 100 15

Regional demands and mill locations may lead tphe approximateoordinatesof plots in each countgre
significantly different allocations to different woodknown (Appendix A) The Forest Service plot database
products. This could affect the allocatibetween long uy s e s fifuzzy coordinatesdo, b
term and shorterm wood productsparticularly when within 1 mile of actual plot centers. Plots were selected
choosing between particleboard/medium densit o r epresent a r andandsape t he
fiberboard (MDF) (longer lifespan) vs. pulp/papeEcology, Modeling, Mapping and Analysi$ EMMA

products (shorter lifespan). Another effect will be thgo10)landscape assignments with stand conditions that
final disposal of wood products. Products would releaggpresent potential for fuel reduction treatmeriti®

carbon more quickly if they were burned for energy @ither statement of statistical significance is implied.

other purposes, as opposed to slowégase of carbon

for wood products that are disposed of in a landfihominant Tree Speciefor each Plot

(Micales and Skog 199. Basal area was used to determine the dominant species
for each plot Appendix B. Basal area is the total area
Other Carbon Fluxes occupied by the crossections of all trees cd species

Someof thecarbonstores andlluxgswithin a forest as a per unit area. Only species with greater than 10% of
result of a thinning are recognized, but not quantified.
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total basal area are included for each jrothe tables Carbon Pool Estimates foPlots Prior to

attached in Appendix Bso thecumulativepercentag®f Treatment

speciedor eachplot deesnot always add up to 100% The Fuels and Fire Extension (FFE) to the Forest
the tables In the amlysis, all trees are included in theyegetation Simulator (FVS) has integrated reports that
growth model. For most plots, the primary species argstimate forest carbon pools as forest stand growth is

Douglasfir and ponderosa pineSeveral ¢her species simulated. Carbon pool estimates are separated into
werecommonly found in these plotgicludingwhite fir,  seven categories:

incensecedar, and western hemlock.

9 Standing live trees
Ellott Utrrlld?rsory Vegetatiodn f VS had t t'ﬂ Belowground live
ots that were measured from ad vegetatign ,
codes (Hall 1998) that were input into FVS. Understor} Standing dead trees
vegetation is divided into four classes: Belowground dead
1 Forbs 1 Downed dead wood (including coarse woody debris)
1 Grasses 1 Forest floor (including duff)
1 Shrubs 71 Shrubs and herbs
1 Trees

In this analysis, each plot is grown in FVS for 50 yéars

Vegetation species are reported by the number of plG&h the initial carbon pool as well as carbon growth
in which theyoccur @ppendix Q. Understory species fates are examined and compared to forest volume
were used in estimating the vegetation type when rPWth rates to determine site productivity. FVS uses
directly reported in the FIA databageitareconsidered 'e€dionspecific variants that adjust guth conditions

too bulky for this report. The tables use the foIIowin@\?sed on regional differences. The Eastern Cascade,
definitions: estern Cascade, and Blue Mountains variants are used

in this study. The plots from each county use the variant

1T Species | i st ertoteesthatare rﬁc[orpnéegdgday FF/% frorethat county. All plots are
simulated and analyze@parately, but only a few of the

currently growing at the same height as Oth?{lots are shown in this report. Plots at®senfrom a

understory vegetation (shrubs, forbs, grassegjnge of initialconditions A more detailed explanation
This does not necessarily indicate the species 6f FVS calculations is in Appendix E.

the dominant trees within a plot.
1 Some of the species are ambiguoiisfor Figure 4 shows carbon estimates for a relatively young

exampl e, ryiesniowbeéist edSt@ O!@Tﬂf'g‘%ﬁf%r p (platiyely glder stand, assuming
A common snowberrvo no glnngug. No'luqe the d ferenice uarbonscalem there

N y is anill lower _aﬁm{_uﬁt 6t RdrbdrPin the ounger stand,
snowberryo. The pl angy yb&érdeMtdgd ihchelsé fronAritial Ka?bbnsfor $he u d
are only as precise as the definitions that ag@®unger stand is much higher over theysar time
available from the source database. frame.

1 Only the most common plants were included
a plant wascounted in fewer than 3 plots, it is
not included in the summary (but is available).

Table C5 summarizes the number of different plants/
plant groups within each vegetation class that were
counted for each plot in four counties.
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Figure 4. Carbon pool estimates for younger stand

Criteria for Stand Treatments

When thinning the plots, fire hazard was measured
using two standard metrics provided by FFE
Torching Index (TI) and Crowng Index (CI). Tlis

a function of both the vertical stand structure and the
height to crown base and Cl is a function of crown
bulk density(Scott and Reinhardt 20Q1)he metrics
provide the minimum wind spesdequired to initiate
individual tree torching (TI) and to support a crown
fire (CI). The lower the minimum wind speeds the
more susceptible the stand is to tree mortality. We
use the Tl and CI wind speed thresholds used in a
recent Oregon/California regional study (Daugherty
and Fried 2007). Using these thresholds the stad
candidate fotreatment under one of two conditions:

1 Tl and Cl are both less than 25 mph.

1 Clisless than 40 mph, regardless of TI.

Thinning Strategies

In order to determine to test both the sensitivity of
forest carbon to thinning intensity and also to include
some thinnings that were financially feasible, three
different thinning strategies were conducted for each
plot.

Light thin

The primay goal of this thinning is to take as few
trees as possible while meeting (@xceediny
torching and crowning index criteria. The general
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Figure 5. Carbon pool estimates for older stand

2 0 ds)removed.Several plots could not meet the
torching and crowning index criteria. These plots
tended to be younger stands with smaller diameters
and with redtively low crowns.

iBreakeveno thin

In general, the light thinning does not take enough
merchantable timber to pay for the thinning. In order
to find a feasible thin, larger trees are taken, but trees
|l ess than 200
taken first, but in some plots, some of the smaller
trees are left behind (because of the relatively higher
cost of removal), and some of the larger trees are
taken.

Heavy thin

In this thinning strategy, standing trees are thinned to
arelatively low number of trees per acre, leaving only
the largest trees. Different tree densities are used for
plots from eastern Oregqd0-50 trees per acreand
western Oregor(90-100 trees per acrg)Fitzgerald
2005, Tappeiner et al. 1997)

Stand TreatmentConsiderations
When selecting a system to treat the starllee
primarycriteria are considered in this study.

Impact to carbon pool within each plot (simulated

approachist ot ake the -6alDBeé;3 T' 50 y@afsSrom(c@ent stand condition).
and increase by 10 intervVvagl compafAsbd bf cfownthy indeR EGACtbréhidg
are met.If the TI thresholdis met, but the CI index before and after treatment.
threshold was not met a portion of | arger trees
Impads of Thinning; HNALREPORT 12
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1 Economics of the treatment (treatment must pay
for itself for the breakeven thinning scenario

Other criteria thatare important to consider, but
beyond the scope of this study, include

1 Laws/regulations and publicacceptance of
potential treatments, particularly on public lands.

I Safety standards and certifications of contractors
hired for potential thinning.

A financial analysiswas conducted using the Fuel
Reduction Cost Simulator (FR&8est 2010 and
LogCost10.22010) while the FVS FFE extension is
used to estimate the Torching Index (TIl) and
Crowning Index (CI), botlof which measure stand
conditions and hazards that may contribute to a
catastrophic fire.The effectiveness of fuel treatment
wasassessetlasedn Tl and Clestimatedefore and
after thinning. A detailed analysis of Tl and ClI at a
group level is irFigure F1 and F2.

A financial breakeven point (where revenues and
cost are equal) depends upon a host of factors, some
of which are known, and somef which are
estimated. There are many potential fuel treatments
available within FRCS, including groudmhsed
operations and cableased operations. In general, the
lowest costsystems are grourghsed. Groundlased
thinning operations can be separated into whrele

and cutto-length operations, both which have
advantages and disadvantagesOne harvesting
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system is used for plots on more gentle terrain (slopes
O 3 0and a, slightly different systemis used for
plots with steeper terrain (slopes >30%).

For more gentle slopes, the following whalee
system is used:

1 Drive-to-tree feller/buncher

1 Grapple skidder

1 Processing/chipping/loading at the landing

9 Truck and trailer tnasport to nearest mill/plant

For steeper slopes, the driteetree feller/buncher is
replaced with a swingoom feller/buncher, which is
more stable on steeper slopes, but is limited to the
length of the boom and may lead to less flexibility in
tree remwal. For longer skidding distances, the-cut
to-length system (CTL) becomes less expensive than
wholetree skidding due to the higher load carrying
capability of forwarders. CTL systems can also have
lower mobilization costs, important in small, low
volume treatment units, because fewer pieces of
equipment are transported between harvest units.

Example Plot

The following example details a plot that is assessed
with the model created for thistudy. In order to
fully describe the analysis for each plohe of the
plots (21561) from Jefferson CoungaéternOregor)

was chosen. Plot parameters &nown (Table §,

and the analysis for this plot follows.

Table 6. Summary information for the example plot (metri¢ English units).

Plot Attributes

Species Ponderosa pine, Douglas-fir
Age 72 yrs avg for dominant/codominant trees
Uneven aged stand ranging from seedlings to >200 years
Basal Area 152 ft*/acre (35 m°/hectare)
Height 69 ft (21 m) avg for dominant/codominant

Initial Wood Volume

3390 ft*/acre (237 m°/hectare)

Initial C Store (live aboveground)

28.7 tons/acre (64.4 MgC/hectare)

Initial C Store (total)

49.3 tons/acre (110.4 MgC/hectare)

Impads of Thinning; HNALREPORT
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Torching and Crowning Index AHeavyo Thinning

Initial FVS estimates for TI (38ph) and CI (32mph) (46 trees/acre remainirigT1=39, CI=66):

indicate that the stand a candidate fofuel treatment, 1 Removing 100% of trees less than 12 in. DBH
because Cl < 40 mph The slope is gentle for thisq Removing 30% of trees 116 in. DBH
particularstand (<5%), s@ driveto-tree feller/buncher Removing 10% of trees 120 in. DBH

is chosen as part of the whdlee mechanical thinning q

system Leaves the stand in a relatively pdilke condition,

with little understory and only a few of the largest

Silvicultural Prescription and Carbon Effects trees remaining. This stand structure might simulate

1 The plot initially has 380 trees/acre. Similar to the some eastern Oregon historical structures (Fitzgerald
other plots, this plot has three implemented scenarios 2005). Both resistance to torching and crowning
for thinnings (light, heavy, and breaken); this have significantly increased.
example has three scenarios to illustrate general
relationships between economics and fuel reductit}s\rllI
for most plots. Silvicultural  prescriptions
implemented for this particular stand includes:

thinnings reduce forest carbon pools, and heavier
thinnings lead to less carbon -eite than lighter
thinnings, both immediately and over the -y&tar

_ _ simulated period. Pldevel estimates of carbon pools,
Trampling smakr fuel sources to reduce fuel l0ading a8, hon transfer to wood products, and potential deabi
part of the driveto-tree feller/buncher operation..oihon emission by biomass burning for energy
Including trampling as an option in FVS reduces fugl,mnared to a coal alternative) are compared (Figure 6).
depth by a factor of 0.75. This affects fire intensity, enty percent of the slash created from harvested trees
(increases Tl and CI) but does not affect fuglef in the stand following a thinning. The live wood
consumpion in a potential fire. (Reinhardt et @003). o lume in Figure 6 is total livgreen volume/unit area
L . _ i (m*hectare), and is included as both a reference and as
ALighto Thinning an additional metric to manually check for any gross
(208 trees/acre remainifigr1=38, Cl=54): discrepancies in the growth and yield model.

1 Removing 100% of trees less than 10 in. DBH

i The resistance to crown fire is improved and

resistance to individual tree torching is unchanged.

AiBrea&lknodo Thinning

(164 trees/acre remainifigll =40, Cl=54):

T Removing 100% of trees less than 7 in. DBH

1 Removing 20% of trees-Z0 in. DBH

1 Corresponds to a removal of fewer smaller trees and
a higher number of larger trees while marginally
meeting fiel reduction goals.

Impads of Thinning; HNALREPORT 14
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Carbon and Volume Projections - No Thin
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Carbon and Volume Projections - Light Thin
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Figure 6. Simulation of carbon pools for the forest stand No Thin (top), Light Thin (middle)
and Heavy Thin (bottom).
All carbon components reference the left axis. Only standing green tree volume (Volume)
references the right axis.
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Harvesting System Costs

The harvesting system for this stand inclufies major Costs are separated into four components:

pieces of equipment antio types of transportation § Planning/administration costsncludes timber sale
vehicles: preparation and administration. Sales preparation and

. . ) administration estimates for nonfederal (Nall 2010,
1 Drive-to-tree feller/buncheri Mechanically falls

each tree and lays trees into groups (bunches) for Sessions et al. 2000) and national forest land
efficient handling Y group (TSPIRS 2001, adjusted for inflation) are estimated in

1 Grapple skidderi Grabs whole tree bunches and Table 7. The federal land administrative costs are not
dragstreesto a roadside landing. included in the fAbreakeven

1 Processori Located at the roadside landing. admnistrative costs vary widely from sale to sale,
Delimbs and bucks trees into merchantable lengths.  according to federal requiremepiscluding

I Chipperi Located at the roadside landing. Chips compliance with the National Environmental Policy
smal | whol e tr opsandpranchess RBNeEpaPaRdbiher federal las.g., USFS
from larger treeslirectly into a chip van. 2010). In general, federal land sales preparation and

1 Loader i Located at the roadside landing. L : . .
Maneuvers small whole trees and residues into the administraton costs are higher compared to private
chipper and logs into log trucks. land. The estimate used in the example is a general

§ Truck with Chip Vani Transports chips from example only, and should not be used to estimate
landing to destination. &pacity for vans in this actual costs.

example is 110 cubic yards. 1 Setup cost$ includes ongime movein cost to an
1 Truck with Log Traileri Transports logs from area, moving costs from landing to landing, sales
landing to mill. preparation costand road maintenance costs (Table
8).

This is a thinning system that removes whole trees to fje Cost from field to truck, including felling/bunching,
landing. There is a potential for residual stand damage skidding, chipping, processing, and loading (Table
that must be considered both harvestplanning and 9).

operations. 9 Cost to transport each wood product (Talie

A Cutto-Length (CTL) system could be used at ghe planning/administration costs ar@sh, but are not
comparatively lower cost for thinning at longer skiddinghcluded in the final analysis.

distances when compared to a whioke= system
(Kellogg et al. 2010), but a CTL system was not
included in the final economic analysis, since average
skidding distance in this report is assumed to be 500 feet
(also assumed by Dempster el al. 2008).

Impads of Thinning; HNALREPORT 16



Table 7. Sales preparation and administration costs associated with the three thinning scenarios.
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Preparation/Administration Costs light heavy |break-even |units

Sales Preparation/Admin (Non-federal) 42 26 32|5/mbf
141 143 142|5/acre

Sales Preparation/Admin (Federal) 173 173 173|5/mbf
521 054 765|5/acre

Table 8. Estimatedequipment setup costsfor the three thinning scenarios.

Setup Costs light heavy |break-even |units
Maove-in Cost (5 equipment pieces) 33 33 33|5/day
1 acre average/day 33 33 33|5/acre
Moving Costs (Landing to Landing) 75 75 75|5/acre
Road Maintenance Costs 33 59 37|5/acre
Total Setup 141 168 145 |%/acre
Table 9. Estimated costs from field to truckfor the three thinning scenarios.
Cost from Field to Truck light heavy |break-even |units
Felling/bunching 225 441 133|5/acre
Skidding 210 455 252|5/acre
Chipping whaole trees 26 51 13|5/acre
Chipping loose residues 14 40 32|5/acre
Processing Logs 162 392 183|5/acre
loading Logs 71 192 130|5/acre
Total to Truck 708 1571 743|5/acre
Table 10. Estimated truck transport costfor the three thinning scenarios.
Cost from Truck to Final Destination light heavy |break-even |units
Chip Trucking (Transport + Delays) 16 16 16|5/green ton
133 213 127|5/acre
Log Trucking (Transport + Delays) 43 43 48|5/mbf
134 267 167 |5/acre
Total Truck to Final Destination 266 480 295 |5/acre

Wood Products

the stad. The mix of treesremoved from theplot is

separated by diameter class (Table. LEVS simulated
The volume and mix of wood products derived from thiée total volume (f) per plot and merchantable volume
thinning is critical when calculating total revenue frongMbf) in order to estimate timber value. A 16 ft scaling

rule (Scribner) was used for plotseagern Oregon and

Impads of Thinning; HNALREPORT
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the midrangediameter was used to estimate the Mbf:agfawtimber)which was foundwith a conversion chart
for

ratio

each

di amet e8 0 ¢Maans s anfl € .Lgsons

Table 11. Allocation of thinned trees irio wood products

Products light heawy break-even |units
Saw timber

g"-8" 1.77 3.53 1.41|CCF/acre
g"-10" 2.78 5.56 2.23|CCF/acre
10”12 1.01 2.03 0.81|CCF/acre
12"-1g" 1.01 1.52 2.54|CCF/acre
1g"-20" o 0.45 0.5|CCF/acre
Total Saw Timber 2.78 5.57 3.51|{mbf/acre
Chips 8.1 13.0 8.2|tons/acre

Sawlog prices are estimated using

7972w a sFigu sgd f

the Oreg@wverall Cost/Revenue Analysis

Department of Forestry Log Price Information (OregoRor this particular scenario with the given assumptions,
Dept. of Forestry 2010). The biomass market returgisere isa net profit of $72/acref o r btedkeveriiih i n o
significantly lower prices than the pulp markett it is scenario on nofiederal lands(Table 13) Both the

assumed that the biomass chip quality does not méet i ght 0

pulp chip standard@able 12)

Table 12. Estimated delivered harvested wood

product prices.

Market price units
Sawlogs 285|5/mbf
Chips 60|S/BDT

and

fi h e areagmient tokts n

exceeding revenueagven the initial asumptions. These
three different thinning scenarios demonstrate that

increasing gross revenue or total volume does not

necessarily improve net revenue, and depending on
original stand structure, may significantly increase
harvesting costs. In order fénis thinning to not incur
financial losses on federal lands, a relatively high
proportion of highvalue stems and a relatively low
proportion of lowvalue stemsvould need to be thinned.

Impads of Thinning; HNALREPORT
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Table 13. Total costs and revenueaisingnon-federal costs- per acre basis.
Revenue light heavy break-even |units
Sawlogs 794 1421 1011|%/acre
Biomass 243 390 243|5/acre
Gross Revenue 1037 1811 1254|5/acre
Minus Costs 1116 2219 1182|5/acre
Net Revenue -79 -409 72|5/acre

The amount of carbon in the stand after 50 yeaaboveground carbon as a benchmark, the net effect on
compared to the initial carbon pool varies with thearbon after 50 years (excluding wood products or
intensity of the thinning and the type of thinnitdging avoidedcarbonemission¥can be estimated (Tahld).

the initial amount of live abovegroundrban and total

Table 14. Simulated carbon outputs excluding harvested wood products.

Carbon Pool Treatment Year 0| Year50
Mo Thin 83.2 158.7
Total Carbon (Mg Ciha) Light Thinning 71.2 99.2
Heavy Thinning 59.8 70.6)
) ~|No Thin 53.6| 105.6
Aboveground Live Standing [— —
Light Thinning 35.8 59.1
Carbon (MgC/ha) —
Heawvy Thinning 29.8 43.6
Analysis | andowner to fibreakeveno.

Other plots in this analysis were analyzed in a similfgndowner may take the approach of only removing the

way to the example plot, with the primary difference if’© St fAprofi tabl eo biomass (¢
prescriptions between plots being the number and cl&4@Mass in areas with shorter transport distance & fin

of trees removed. The alysis methodology was thedestination).

same between plots and regions. i o o
Detailed thinning prescriptions and pletel ranges of

Several harvesting assumptions are madeverage carbon estimates were made for each plot. The general

skidding distance is 500 ft for all plots, which is highlyjr€nds (minimum, maximum, and average) of carbon
variable, and directly affects cost. There arefa@ cstimates for all plots are split into two regioeasgrn

Scribner scaling rules used for plots east of the Cascad¥€90n and wesern Oregor), and are included in
and 32 foot Scribner scaling tas for plots west of the APPendixD. Detailed Tables are includgdppendix F).
Cascades. Different pricesper Mbf are used for both

easern and wesern Oregon and a 20% premium is Regylts

assumed for plots in western Oregon, due to diﬁerenq@gr
in scaling rules.However, the price will also differ
between regions taany given timedue to species
differencesmarket conditionsand other factors

most plots, forest carbon pooléboth live
aboveground and total) are significantly reduced when
comparing thin to no thirAfter simulating growth in the
stands for 50 years the average difference in net carbon

Biomass price is assumed to be $60/ton throughout alance between unthinned and thinned plots for the

regioni biomass price fluctuates, and the profitabilitYn?Ezs?gﬁ] %?gpjnr?g%%irgitz\%eg T\/I]?/}r?j?n '\\//I\?é/tr;?n
will be greatly impacted by the market price. Lowe 9 o Mg

prices would make it much more difficult for thebregon.
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Carbon levelsof thinned plotsdo notreach the carbon
levels of unthinned plotwvithin a simulated timeframe

of 50 years, even after including carbwansferred to §

harvested wood productand the avoided emissions

from using biomass instead of fossil fuels for energy.

See Table 15 foan overall carbon budget by thinning
scenario and regiorsee Appendix F for a grotlpvel
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shorter carbon halffe (such as paper or burning for
biomass).

Carbon dioxide outputgy unit energy produced is
higher for biomass staralone facilities compared to
fossil fuels, but the gap is closed somewhat if energy
is used for heating instead. This study ignores other
pollutants (such as S@missions), that are higher

summary of carbon stores (Table F1), relative carbon for coal whercompared to biomass (NREL 2000).

flux over time (Table B, fuel loading measurement

(Table B), and plotlevel comparison of carbon storesFinancial analysis:

(Table F4). q

9 Older stands, which teed to have lower carbon
flux annually é@s a percentageof initial carbon
store$ di d not
younger stands following a light thinning.

T All standshad lowercarbonflux into the stand from
the atmospherdollowing a heavy thinningwhen
compared to a lighter thinning or no thinning

i Stands ireasternOregontended tchave lescarbon
flux whencompared tatands in wsternOregon

Regarding wood products:
1 Larger treeshad a greater percentagf carbon

Arecapturne

With the additional goal oo financial loss, a
higher percentage of larger, more valuable trees
must be thinned in order to cover the cost of
removingsmaller, less valuable trees.

Heavy thifisbwverdfteraudprofitable ehdk depended s
on the assumptioria the economic model as well as
original stand structure. There are many fuel
reduction treatments that were not included, such as
mastication or slash piling. These alternative
techniques might reduceosts by leaving smaller
stems in the field but would also affect carbon
impacts and potentially affect crowning and torching
indices

transferred to wood products with a relatively longefhe estimated carbon budget for these plots (based on
half-life for carbon. Smaller trees had a greatearbon stores and fluxegigure 2) is showi{Table 15.

percentage of carbon transferred to products with a

Table 15. Carbon budgets for thinning and nothinning scenarios (all age groups combined; time interval = 50

years; units are MgC/ha)

Emissions
Net Paper/ lumber | from biomass| Offset from Net Average Annual Difference
Change | Equipment Paper Lumber | disposal {in | burning for | not burning | Carbon [Sequestration Rate | between Thin
Region Thinning Scenario on Site | Emissions | products |products landfills) energy fossil fuels | balance MgC/ha/year and No Thin
No Thinning 90.67 0.00] 0.00 0.00] 0.00 0.00 0.00 90.67 1.81 0.00}
Light Thinning 14.53 -0.59 0.00 2.08 4.05 -748 4.56 17.15 0.34 -73.52
Eastern Oregon —
"Break-even" Thinning -15.81 -1.05 0.00 4.52 8.80 -10.56 6.44 -7.66] -0.15 -98.33|
Heavy Thinning -27.54 -1.62 0.00 7.47 14.54 -14.35 8.76 -12.75 -0.25 -103.42|
No Thinning 81.97 0.00 0.00 0.00 0.00 0.00 0.00 81.97 1.64 0.00]
Light Thinning -40.22 -0.48] 0.00 1.20 2.10 -6.21 3.79 -35.82] -0.80 -121.79
Western Oregon ——
"Break-even" Thinning -53.62 -1.30| 0.00 7.06 9.88 -10.85 6.62 -42.21] -0.84 -124.18|
Heavy Thinning -38.31 -2.26) 0.00 8.64 11.08 -14.88 9.08 -46.65 -0.93 -128.62
*All Units in MgC/ha except for annual sequestration rate
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Financial Sensitivity I f the | andowner6s decision
Some of the plots dominated by dlaastems could not or loss, these factors must be carefully considered. In

be thinned withoufinancial loss, given the assumptionsorder to decrease skidding costs, the landownay m

for these plots. For instance, Plot 26510 (Wasco Counglgcide to harvest only near the roadside, or may only
has a relatively high density (538 trees per acre), tharvest on flatter terrain. It is also more likely that
quadratic mean diameteQMD) i s 7 0, a n dregionsenearest rmylle @nd plants and existing road
trees are 100 DBH. fivaacialy infragtruature e wouldh pen thianed, edget to decreased
loss per acre, even for nonfederal land. For instancefansport distance. Activities in marginstands may be
thinning to 200 trees per acre using initial assumptiopgstponed until periods of higher markets or treatment in

results in a net loss e$503acre (Tablel6). marginal stands combined with more profitable stands to
create a breakeven situation. Depending on objectives,
Table 16. Initial financial loss for Plot 26510. the landowner may leave the plot untouched, or may
— apply another mamggment prescription.
I .
Si_aw — 1045 acre Other sociepolitical factors could affect landowner
Biomass 432|5/acre L . .
decisions in both short and long term. Subsidies for
Gross Revenue 1536|5/acre .
ye forest biomass (e.g., $10/green ton subsidyiB2210
inus Costs (non-federal) 2038|5/acre o 2007 . d all thinni
Net Revenue (non-federal) 5035 /acre regon ) can increase revenues and allow thinning

to become more econacally viable. Price premiums

. . . - . for carbon from public or private sources may also affect
However, given different assumptions, it is feasible f%{ |l andowner &s decision Un

this thinning to break even or turn a small profit for thg, .o potential sources of revenweuld be considered
landowner. Financialfeasibility is improved if (1) the by the landowner in longerm planning.

harvested wood is closer to the landi(®), the transport
distance to a mill/plant is shortef3) higher wood
product market prices exisgind (4) harvest units are
larger and closer togetheincremental changes to thes
four factors cantogether dramatically affect cosbor
revenue for this pit (Tablel7).

Potential Alternatie Management for Younger

tands

or many of the younger stands (especially stands with
relatively low QMD and relatively high trees/acre), it
wasnot possible to simultaneously thin the stand to the
desired Tl and CI while maintaining a profit, given the
Table 17. Favorable conditions allow the landowner to harvestingand marketassumptions. For these stands,
financially break even. Net revenue reflectsumulative there are several alternatives that may be considered for

changes of assumptions. For exampleeducing fuel reduction:
skidding distance improves net revenue from$503ac § Alternative silvialltural prescriptions, such as
to -$291/ac and simultaneously shortenindog truck prescribed fire, could be used to reduce fuels while
travel time improves net revenue tc$20Yac. initiating some level of stand mortality and raising
base to the live crown.
MNet Revenue . i
Variable Original Value  |New Value |($/acre) T Only the least expensive areas could be thirinked
Initial Condition 503 example, treating only the areas neamestdside,
Average Skidding Distance _|500 ft 100 ft -291 areas with flatter terrain, or areas nearest the mill
Log truck 1-way travel time 1.5 hr 0.5 hr -201 H HTE H
Chimvan Loway traveltme 207 Py . would reduce cost while still implementing some
Revenue for biomass $60/BDT $80/BDT a8 level of fuel reduction.
Revenue for timber $285/mbf $305/mbf 16| I Leave t he stand Nas i sO,
Size of harvest unit 40 acres 100 acres 211 H
oo 000500 2500100 stand at a later time after the stand naturally reaches
harvest unit (8600 each) (8500 each) 219 a differentstand structure.
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Other Carbon Fluxes
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harvest operation where residwes piledat roadside as

The thinning analysis in this paper addresses the eff@ft of the normal harvesting operations &terburned
on carbon pools from removing selected trees from!@ reduce fuel hazard, release af@anew plantations,

standin an effortto improve forest resilience fire.
The reference

and to reduce habitat for rodent®: this case slash
s cenar inaio. i bgring gngl shgritgrm kelpage;woulh e ithg refgrgnge

others, alternative reference scenarios may be métdstitution.

useful.

For example, do longer rotations with one or

more thinnings sequester more carbon than shortéext Steps
rotations with no thinnings? In this caaeshort rotation Future analysis could

with no thinning becomes the reference scenario.

@r Simulate wildfire and prescribed fire over long

does unevelaged management sequester more carbon timeframesin stands with andvithout thinning in

than everaged management? In this case eaged
management becomes the reference scenario.

We also do not address carbofluxes from
precommercial thinningPCT) where trees are currently

thinned to waste as compared to the options of planting

lower tree densities or delayingCT until the tres

order to more fully understand the effects of wildfire
on carbon pools.

Broaden carbon accounting to include the
substitution of wood products for building materials
such as concrete, steel, and aluminum.

Simulate the effects on camb@oolsand fire after
either natural seedling 4growth or planting in the

increasecommercial value. understory.

Lastly, we not address the effect on carbon pools from
utilization of forest residues followinga commercial
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Appendix A. Coordinates of Plots for each County
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Figure Al1. Wasco County plotlocations.

Figure A2. Jefferson County plotlocations.
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Figure A4. Douglas County plotlocations.

Impads of Thinning; HNALREPORT 32



Oregon State

UNIVERSITY

College of Forestry

Figure A5. Crook County plot locations.
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Appendix B. Stand Level Characteristics for eaclPlot, by County

Table B1. Wasco County- dominant species (percentage of total basal area) and associated tree data.

Average
Diameter Age of
All>1 | Stand | Trees/acre | Dominant
Ponderosa | Oregon Western Western| inch® |Height| > 1inch Trees
Plot | Douglas-fir pine white oak | Grand fir | hemlock | Noble fir| Incense-cedar | juniper (in} (fiy | Diameter | (years)
3505 100% 6 15 164 21
26510 100% 7 41 538 25
21980 73% 7 26 223 29
26469 19% 79% 12 55 176 30
3520 4% 32% 34% 8 30 153 32
3514 67% 16% 17% 8 28 277 36
3502 46% 4% 9 26 328 39
3487 93% 5 31 1255 45
3515 100% 9 34 224 49
3501 T0% 14% 16% 11 52 308 53
3479 80% 20% 6 28 217 64
3465 61% 20% 17 76 283 77
17061 43% 51% 11 45 202 77
3491 79% 20% 11 52 138 83
26512 063% 36% 16 80 314 86
26557 0% 10% 20% 10 50 324 23
26556 65% 31% 16 76 528 93
16868 54% 40% 10 42 271 93
3528 89% 11% 13 30 120 100
3485 24% 76% 14 66 101 104
26554 49% 10% 29 105 826 160
16781 51% 41% 21 89 544 175
21889 20% 70% 15 46 219 212
26553 18% 65% 22 102 292 269
21979 15% 18% 54% 20 58 370 179
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Table B2 Jefferson County- dominant species (percentage of total basal area) and associated tree data.
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