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Preface

The Public Interest Energy Research (PIER) Program supports public interest energy research
and development that will help improve the quality of life in California by bringing
environmentally safe, affordable, and reliable energy services and products to the marketplace.

The PIER Program, managed by the California Energy Commission (Energy Commission)
conducts public interest research,development, and demonstration (RD&D) projects to benefit
the electricity and natural gas ratepayers in Californ ia. The Energy Commission awards up to
$62 million annually in electricity -related RD&D, and up to $12 million annually for natural gas
RD&D.

The PIER program strives to conduct the most promising public interest energy research by
partnering with  RD&D organizations, including individuals, businesses, utilities, and public or
private research institutions.

PIER funding efforts are focused on the following RD&D program areas:

1 Buildings End -Use Energy Efficiency
Industrial/Agricultural/Water End -Use Energy Hficiency
Renewable Energy Technologies

Environmentally Preferred Advanced Generation
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Energy-Related Environmental Research
1 Energy Systems Integration

Demonstration of ConservatieBased Forest Management to Sequester Carbon on the Bascom Pacific
Forestis a final report for the West Coast Regional Carbon Sequestration Partnershipt Phase I

(contract number 500-02-004, work authorization number MR-06-03L. The information from this

project contributes to PIERz Energy-Related Environmental Research program

%OUwWOOUT wbOi OUOGEUDPOOWOOWUT T w/ ($1w/ UOT UEOOwWxOI EUI w
www.energy.ca.gov/pier or contact the Energy Commission at (916) 654-5164.
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Abstract

The Bascom Pacific Conservation Forestry Project was initiatedas part of the West Coast
Regional Carbon Sequesration Partnersthip (WESTCARB) in order to demonstrate how the
baseline and project activities associated with the conservation-based management of a
commercially productive forestland site in northern California would be interpreted and
projected if a carbon dioxide emissions reductions project were undertaken in accordance with
version 2.1 of the Forest Project Potocol of the California Climate Action Registry (now the
Climate Action Reserve). After measuring the initial forest carbon stocks on the Bascom Pacific
Forest, project activities based on the forest management guidelines outlined in the
conservation eament on the property were identified that would create emissions reductions
on the project site relative to a baseline scenario based on harvesting the greatest amount of
timber feasible and practicable under applicable forest laws. The costs and benefis of
undertaking a forest management project for the purpose of registering forest carbon stock
changes with the Climate Action Reserve were evaluated, including an assessment of ways the
Forest Project Protocol may be improved to increase its practicality and effectiveness. Since the
Forest Project Protocol was updated from version 2.1 to version 3.1 near the completion of this
study, a number of changes made in the updated version were referenced throughout the
report, including a brief discussion of how these changes may affect the subject project.
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Executive Summary

Introduction

The following report summarizes the Bascom Pacific Conservation Forestry Project as part of
the West Coast Regional Carbon Sequestration Partnership (WESTCARB) Phase Il. The
project was initiated with the intent to achieve the following:

1 Demonstrate how baselines and project activities associated with the conservation-based

management of a commercially productive forestland site in northern California would

be interpreted and projected on this site if a carbon dioxide (CO2) emissions reduction

project were undertaken in accordance with the California Climate Action Registry

Forest Project Protocol (Version 2.1) (which, together with the associated general

reporting and verific EUD OQwx UOUOEOOUWEUT wUT I T UUI EwOOQwI 1T UI E
1 Identify specific management activities that would create carbon reductions on this site
1 Evaluate the costs and benefits of the Forest Protocols with respect to undertaking a

forest management project for the purpose of registering forest carbon stock changes

PPDUT wUOT T w" OPOEUI w EUPOOwWLI Ul UYT wep?1il Ul UYI 2 KB

Purpose

The initial conditions on the Bascom Pacific project site (hereafter Bascom Pacific Forest) were
defined as the amount of forest carbon stocks on site prior to the start of project activities.

Initial conditions were established by directly sampling carbon stocks. This was done by
performing both a conventional timber inventory, as is typically used in commercial timber
applications, and a lying dead wood inventory. Methodologies for both the conventional
commercial timber inventory and the lying dead wood inventory are provided below.
Conventional inventory measurements are summarized by stand, whereas lying dead wood
measurementsare summarized by Public Land Survey System section. Summary information
from each inventory includes conversions of data to carbon values.

Project Objectives

The direct sampling efforts on the Bascom Pacific Forest were designed to generate inventory
data that achieve the following:

Provide current estimates of the standing timber volume and biomass.

Provide current estimates of biomass in lying dead wood.

Support timber and habitat management activities.

In the case of the 2006 inventory, support projections of future timber resources and
carbon stocks using the CACTOS growth model (Wensel et al 1986;

http://www.cnr.ber keley.edu/~wensel/cactos/cactos.htm).

5. In the case of the 2008 inventory update, monitor project activities and resulting changes
to carbon stocks.
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Project Outcomes

Once initial conditions for the Bascom Pacific Forest were established, changes to future carbon

stocks were modeled pursuant to the requirements of the Forest Protocols to evaluate the

difference between projected carbon gocks under two distinct management scenarios: baseline

activitiesand project activitiesThe baseline management scenario under version 2.1 of the Forest

Protocols is based on how the forest would be managed if the landowner were to realize timber

harvest volumes to the greatest extent feasible and practicable as allowed under applicable

forest management laws, in this case the California Forest Practice Act/Rules. The project

activity scenario for the Bascom Pacific Forest is based on management that fbows the

conservation easement on the property and is intended to sequester and store more carbon

stocks over time than the baseline activity scenario. Those project activity carbon stocks that are

stored above and beyond baseline activity stocks are corsidered additionalcarbon stocks,

Ul xUT Ul OUPOT wOl Uwl EPOVUWEUT wUOOwUI gUI UODUEUPOOWEOE wWE
EUWUUUEO? wEEUI OPOT ww! EVUI EwOOwWUT T wEEUI OPOI WEOGE wx U
over 1 million tons of additi onal metric tons of COz, or 118 metric tons of CQ: per acre, would

be generated by the end of the 10@year project lifetime.

Conclusions

Over the life of the project, 447,877 thousand board feet (MBF) of timber are harvested under
the baseline activity scenario, whereas 417,563 MBF are harvested under the project activity
scenario (Tables 14 and 15). The amount of timber harvested in any given period of time varies
considerably under the baseline activity scenario, with significant pulses during the peri ods in
which clearcutting occurs, more modest harvest volumes when intermediate thinning takes
place, and no volume harvested in some periods as standing timber volume is allowed to
accumulate on clearcut sites. Although the baseline activity scenario exhbits an average

harvest rate of about 4,475 MBF per year, as much as 7,413 MBF per year are harvested per year
during the initial clearcut phase and up to 14,820 MBF per year in the second clearcut phase, but
only between about 1,000 and 3,000 MBF per yeaduring intermediate thinnings and 0 MBF
during fallow years. The wood products carbon pool reflects these changes by accumulating
rapidly during clearcutting phases, and more slowly during intermediate thinning phases

(Figure 7). But during the periods in which no harvesting occurs, decay of existing wood
products leads to a slight decrease in the overall stocks in this pool. At the end of the project
lifetime, the baseline activity scenario has a total of 88,775 metric tons of carbon in the wood
produ cts pool.

Combining the wood products pool with the standing live tree, standing dead tree and lying
dead wood pools increases the amount of carbon stored under both the baseline activity and
project activity scenarios (Figure Al). When the baseline values are averaged over the project
lifetime, inclusion of wood products increases the baseline average by 179,064 tons of CQ@
Incorporating wood products also increases the cumulative emissions reductions at the end of
the project lifetime by 132,208 tons d CO.. However, cumulative emissions reductions



including wood products remains lower than emissions reductions without wood products
until 2066, at which point emissions reductions including wood products is greater through the
remainder of the project lifetime.
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Figure Al . Baseline and project activity carbon stocks, both with and without wood products pool
stocks, over the 100 -year project lifetime on a per acre basis. The averaged baseline activity value
is also shown. All scenarios have the same initial carbon stocks at the project start date in 2006.
The averaged baseline curve begins at this same starting value, but achieves the average value by
the end of the first 5 -year reporting period by being reduced annually in equal increments.

Overall, the results of the application of version 2.1 of the Forest Protocols appear to provide
practical but rigorous accounting of emissions reductions to internationally acceptable
standards. Nonetheless, there are a number of areas were we recommend changs to provide
for more efficient and accurate application, many of which have been incorporated into version
3.0. In considering the costs and returns of a project such as Bascom Pacific, under the
assumptions used in a pro forma analysis, we believe the potential financial returns from an
emissions reduction project provide an incentive for landowner participation, while fostering
long term forest conservation and net gains from long term reduction of CO » emissions.

Recommendations



The initial conditions inventory, when properly specified, can be cost effectively undertaken
concurrent with a conventional timber inventory but does add expense. The greater expense is
due to the generally higher statistical confidence required in sampling * and the inclusion of
additional inventory elements such as standing and down dead biomass. Further, the
requirement for permanent marking of plot centers is a costly variance from the standard
timber inventory practice of temporary flagging. Version 3.0 of the Forest Pro tocols eliminates
the requirement for permanent monumenting, while still requiring temporary flagging so that
verifiers can locate plot centers. In addition to the specific requirements of different project
types under the Protocols, inventory costs vary with the size and heterogeneity of the property,
not unlike timber inventories. Larger more homogenous properties will cost less to inventory
than the mid -size, relatively diverse Bascom Pacific property.

Benefits to California

During the course of thi s project the Reserve initiated a stakeholder process to review, update
and revise the Forest Protocols. The experience the authors gained in preparing this report
helped inform the development of the revised Protocols, which are now published as version
3.0 (and subsequently updated to version 3.1). In addition, the Bascom Pacific Forest analysis
provides an example for future improved forest management projects, so that project
developers can have a sense of what to expect when undertaking such an endeaor and so that
policymakers and the public can better understand the potential for real, lasting and verifiable
emissions reductions to be achieved through changes in forest management.

1 Lower sampling confidence intervals (i .e., greater than ++5% at the 90% confidence interval)



1.0 Introduction

1.1 Project Overview and Objectives

The following repo rt summarizes the Bascom Pacific Conservation Forestry Project as part of
the West Coast Regional Carbon Sequestration Partnership (WESTCARB) Phase Il. The
project was initiated with the intent to achieve the following:

1 Demonstrate how baselines and project activities associated with the conservation-based

management of a commercially productive forestland site in northern California would

be interpreted and projected on this site if a carbon dioxide (CO2) emissions reduction

project were undertaken in accordance with the California Climate Action Registry

Forest Project Protocol (Version 2.1) (which, together with the associated general

Ul xOUUDPOT wEOEwWYI UPI PEEUPOOwWxUOUOEOOUWEUIT wUiilu
1 Identify specific management activities that would create carbon reductions on this site
1 Evaluate the costs and benefits of the Forest Protocols with respect to undertaking a

forest management project for the purpose of registering forest carbon stock changes

with the Climate Action ReseU Y 1T wop? 11 Ul UY1 2 A8

We note that during the course of this project the Reserve initiated a stakeholder process to
review, update and revise the Forest Protocols. The experience the authors gained in preparing
this report helped inform the development of the revised Protocols, which are now published as
version 3.0 (and subsequently updated to version 3.1). Throughout this report we reference a
number of changes made to version 3.0 in comparison to 2.1 and how these changes could affect
the subject project.

The initial conditions on the Bascom Pacific project site (hereafter Bascom Pacific Forest) were
defined as the amount of forest carbon stocks on site prior to the start of project activities.
Initial conditions were established by directly sampling carbon stocks. This was done by
performing both a conventional timber inventory, as is typically used in commercial timber
applications, and a lying dead wood inventory. Methodologies for both the conventional
commercial timber inventory and the lying dead woo d inventory are provided below.
Conventional inventory measurements are summarized by stand, whereas lying dead wood
measurements are summarized by Public Land Survey System section. Summary information
from each inventory includes conversions of data to carbon values.

Once initial conditions for the Bascom Pacific Forest were established, changes to future carbon
stocks were modeled to evaluate the difference between baseline activities and project activities.
The Forest Protocols require that an analyss be conducted to project future carbon stocks under
two distinct management scenarios: baseline activitieand project activities The baseline
management scenario under version 2.1 of the Forest Protocols is based on how the forest
would be managed if the landowner were to realize timber harvest volumes to the greatest
extent feasible and practicable as allowed under applicable forest management laws, in this case
the California Forest Practice Act/Rules. The project activity scenario for the Bascom Paific
Forest is based on management that follows the conservation easement on the property and is
intended to sequester and store more carbon stocks over time than the baseline activity
scenario. Those project activity carbon stocks that are stored aboveand beyond baseline



activity stocks are considered additionalcarbon stocks, representing net gains due to
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the baseline and project activities modeled, this study shows that over 1 million tons of

additional metric tons of CO 2, or 118 metric tons of CQ per acre, would be generated by the end

of the 100-year project lifetime.

We found the Forest Protocols to be a useful and useable tool for measuring changes todrest
carbon stocks and estimating the emissions reductions that may be generated by a forest project,
providing real net gains for the atmosphere and meaningful added financial value to forest
owners. However, there are a number of ways in which the practicality and effectiveness of the
Protocols can be and have been improved to increase the accuracy of emissions reductions
estimates, reduce costs to project developers, and increase participation in the Reserve.

1.2 Climate Action Reserve Forest Protocol and Its Key Principles

The Forest Protocols (to reference both version 2.1 and the new version 3.0, please go to
http://www.climateactionreserve.org/how/protocols/adopted -protocols/forest/current/ ) provide

guidance for the voluntary registration and certificat ion of greenhouse gas emissions and

reductions from the forest sector. The Forest Protocols consist of three related Protocols that set

consistent accounting standards and provide guidance for measurement and reporting at the

entity and project levels, aswell as for third -x EUU A wET UUDI PEEUDOOwpdUwW?YI UDI
OO0OOPOAG wW3T 1 wwudUI U0w2i E0OVUWLI xOUUDPOT w/ UOUOGEOOOwWDHOw
&1 Ol UEQw1i xOUUDPOT w/ UOUOGEOOOwWT OYI UOUwWUT 1 wEE-EOUOUDO
PDEI »wl UI'1T O1T OUUT wl EVwm&' & A wl OBdbgidOThéFonedt BydjectwE D OO0 01
Protocol provides guidance for the accounting and registration of forest project activities that

are focused on GHG reductions, specifically reductions in biologi cal emissions. Specific project

types (or activities) include conservation -based forest management, reforestation and

conservation (or avoided conversion). Guidance for third -party certification of entity and

project GHG emission and reduction reporting is also provided in the Certification Protocol.

The Bascom Pacific Project used the forest management guidance of the Project Protocol.
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accepted greenhouse gas emissio reduction principles. These principles include the

requirements of establishing a baseline, calculating the additionality of project carbon stores,

and assuring the permanence or durability of emissions reductions.

Baseline: The baseline reflects a bisiness as usual scenario, or a characterization of what can
reasonably be assumed would happen on the project site in the absence of the forest project
activity. The baseline for a forest management project under the Forest Protocols assumes that
businessas usual would be for a landowner to manage the property to realize its economic

value in a way that is legal and feasible. Version 2.1 of the Forest Protocol describes a
standardized performance-based approach that captures the limits imposed by prevaili ng
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913.11, 933.11 and 953.11 of article 3 of the California Forest Practice Rules (14 CCR), as well as
any other rule or law that affects management activit ies. Other potential rules and laws that

affect the baseline analysis include watercourse protection rules, endangered species laws, and
any county ordinances, deed restrictions or other mandatory, enforceable constraints. This



baseline scenario is then maleled to create a projection of total baseline forest carbon stocks
throughout the 100-year timeframe.

Version 3.0 of the Protocol amends and expands on the Baseline methodology used in version
2.1, with the same goal of characterizing what reasonably canbe assumed would happen in the
absence of the project. The standardized guidance for a Baseline performance standard in
version 3.0 can be applied in forest types across the U.S., not only in California, and defines
different rules for projects depending on the volume of the initial project carbon stocks. The
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test requires the project developer to demonstrate that the baseline activity complies with all
applicable laws, regulations and Best Management Practices; the financial feasibility test
requires that the project developer demonstrate that the baseline activity, including timber
harvest and other management activities are financially feasible. As with version 2.1, the
baseline relies on a computer simulation to project stocks over the 100 years of the project
commitment period. The first step in estimating the baseline condition is to determine if the
initial project live tree carbon stocks are above or below a metric meant to quantify Common
Practice, or typical live tree carbon stocking that is the result of forest management for similar
lands in the forest type and jurisdiction surrounding the property. The Reserve has utilized data
for private forestlands devel oped by the USDA Forest Inventory and Analysis (FIA) program to

must not fall below historical levels (as defined). Once the carbon flux of the Baseline is
modeled incorporating all required carbon pools, the results are averaged for the project
lifetime. If for any reason that average value is below the initial starting live carbon stock value
or the historic stocking level, then the highest of the values is used to estimate the Baseline
condition.

Overall, the Baseline methodology in version 3.0 is expected to produce more conservative
results. The potential relative impact on the hypothetical project that serves as the basis of this
study is discussed later in this paper.

Additionality:  Forests store CQ as carbon biomassnaturally, yet all CO 2 stores in a forest do
not yield certifiable emissions reductions. To produce qualifying emission reductions, a forest
management project must also demonstrate additionality, or that the CO 2 stores that are being
reported as the bass for emissions reductions calculations are additional to what would have
occurred under business as usual. In other words, the forest management practices applied to
the project site must exceed the baseline projection, as described in the preceding paragph,
thus leading to additional carbon stocks over time. For example, the management of the Bascom
Pacific Forest exceeds the Option C rules through both the avoided depletion of standing stocks
and through changes in forest management (by harvesting at a significantly lower rate than the
rules allow, by improving understocked areas, and by expanding riparian buffer strips) that

lead to increased carbon stocks on the property. As with an actual project, accrual of additional
forest carbon stocks, and ultimately emission reductions, are assumed to happen over time.
Therefore, emission reductions for the hypothetical Project are projected based on modeled
results. Under the Protocols, these anticipated emission reductions would be monitored,



measured, reported and independently verified over time to account for additional carbon
stocks as they accrue.

Permanence: Permanence refers to the longterm duration of emission reductions. Achieving

long term emissions reductions is a key international standard for carbon projects due to the

long time it takes for CO2to be reabsorbed from the atmosphere (i.e., in its Fourth Assessment
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will be removed from the atmosphere within 30 years, and a further 30% will be removed

within a few centuries. The remaining 20% may stay in the atmosphere for many thousands of
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the original emission is still in the atmosphere after 100 years. These cycle times assume current

sinks continue to function as they are now. It is possible that both oceanic and terrestrial sinks

could absorb less CQ as the impacts of climate change intensify, thus these cyclirg times could

lengthen (IPCC 2007).

This is an especially challenging area to adequately address in forest emissions reduction
projects. Forests are naturally dynamic systems, with carbon flux reflecting growth and
mortality, including varying degrees of n atural disturbances. Insects and fire have naturally
shaped forest ecosystems since time immemorial and resulting forest mortality, with associated
carbon flux. The impacts of changing climate are affecting forest dynamics in ways we are only
just beginning to observe and study. Forest management brings added elements such as
intentional disturbance through logging, vegetation management, and site preparation for
reforestation; as well as enhancements such as management to foster faster forest growth and
stand re-establishment after harvest. Finally, forest owners and forest ownerships change over
time and with these changes, forest management and carbon stocks often change. Forest
ownership changes include both voluntary ones (e.g., the sale of a propetty) and involuntary
ones (e.g., through the death or bankruptcy of the owner).

Yet, in spite of these challenges, it may be possible to craft a system whereby overall forest
carbon emissions reductions at the project level can be defensibly considered lmg term, with a
minimum life -time of 100 years. This is critical if forest based emissions reductions are to be
considered equal to those achieved through the avoided combustion of fossil fuels, especially if
the forest emissions reductions are being usedas offsets to fossil fuel emissions under a
mandatory regulatory scheme. In a GHG regulatory scheme that caps GHG emissions and
allows both trading of allowances and the use of offsetting emissions reductions from uncapped
sources such as forests, the pPNT EUwWET YT OOx1 Uz Uwx U &héspdemissbiwOEDOUED
reduction ton over 100 years allows a ton of COzto be emitted into the atmosphere that
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Such a system should require project developers to assess the vaous risks to permanence, both
anthropogenic and natural, and seek to mitigate them through legal instruments, required loss
reserves of emissions reductions and forest management activities. The newly adopted version
3.0 of the Forest Project Protocol Igs out such an approach. This scheme includes a 10§ear
contractual agreement between the Reserve and the project developer that would form the
primary commitment mechanism, and could be further buttressed through a conservation
easement (described further below). We note that in this Project Implementation Agreement
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reduction for 100 years, implicitly extending the project lifetime for up to 199 years in total

duration, or more than the duration of the contract with the Reserve. (See
http://www.climateactionreserve.org/how/protocols/adopted/forest/current/ .) In addition, each

project is required to undertake a standardized risk assessment and, based on the verified

reserve or group insurance account administered by the Reserve called the Buffer Pool. As a
remedy for actual tons lost to either avoidable or unavoidabl e reversals, such tons would be
replaced with emissions reductions from those set aside in the Buffer Pool (for unavoidable or
natural reversals) or as obtained from other projects as may be necessary in an avoidable
reversal (due to, for instance, breachof the PIA or early project termination).

Version 2.1 of the Forest Protocols seek to address permanence by requiring all forest projects
be secured with a perpetual conservation easement. While not as comprehensive, the approach
outlined under version 3.0 of the Project Protocols, a conservation easement binds current and
future landowners, and can be drafted to restrict land uses in such a fashion as to better secure
the emissions reductions against losses from changes in ownership and management not aly
over 100 years, but in perpetuity. Given that around 40% of emitted CO2zremains in the
permanent commitment to maintaining additional carbon stores beyond the 100 -year project
lifetime required by the Reserve. As the PIA with the Reserve terminates at 100 years, and as
the landowner may actually have on -going obligations to maintain emissions reductions

beyond the 100year project lifetime (i.e., for any ton accrued after year 1), a conservation
easement provides added assurances. Further, conservation easements are enforceable against
all future owners without advance assignment and, with proper drafting, can survive transfers

at death or through bankruptcy or othe r forms of default, mitigating the risk of financial failure

to lead to an emissions reductions reversal.

In the case studied here, the Bascom Pacific Forest is bound by a perpetual working forest
conservation easement, which protects the forest project aea from conversion to non-forest use
and guides management practices to enhance overall forest carbon stocks. The easement is a
voluntary legal instrument that was executed by the landowner and Pacific Forest Trust. The
Trust, as easement grantee, is oligated to monitor and enforce the terms of the conservation
easement, adding a layer of third party supervision and legally well -grounded enforcement
rights to the Protocol specific but novel ones required in the PIA with the Reserve. In the event
the landowner sells the property, the conservation easement will remain valid, as it is legally a
part of the deed. Thus, no matter who owns the land, it will not be converted to non -forest use
and the management impacts to it will be limited, as specified by t he easement. Indeed, under
the terms of the Bascom Pacific easement, the carbon stocks on the property are expected to
increase to a certain minimum level and remain at (or exceed) that level. This is due to the
requirement that management activities, in general, foster a significant increase in timber stocks
from current levels to at least a specified stocking level. Once achieved, the landowner is
committed to managing the forest in such as way as to help assure that at least this stocking
level is sustained in perpetuity. As a result, the forest, and the climate benefits of the forest are
permanently protected from risks associated with land use changes.



1.3 Application of Conservation Easements in the Context of Forest
Carbon Projects

As noted above, under version 2.1 of the Forest Project Protocol, a conservation easement is
required to mitigate risks to the permanence of emissions reductions generated by a project.
While a new system has been established under version 3.0, conservation easements are
optional for use associated with Improved Forest Management Projects (and still mandatory for
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easements are recognized as a valuable risk mitigation tool that resuts in a reduced allocation.
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projects, this section examines their application in this context generally, with particular
reference to the Bascom Pacific Forest prjiect as an example

Conservation easements have been in use in one form or another for about 100 years; although
the modern era of conservation easement use began with formal recognition in the federal
Internal Revenue Code in 1980 and a subsequent wave otonservation easement enabling
statutes in states around the U.S. A conservation easement is a legal restriction that a
landowner places on his or her property to define and limit the types of activities (e.g.,
development, forest management) that may take place there. It is drafted between the
landowner (the "grantor") and the recipient organization (the "grantee") and must conform to
enabling state legislation (e.g., see California Civ. Code § 815) and federal laws.

A conservation easement, generally speaking, is based on the principle of separating out one or
more of various ownership rights (development, mineral, timber, etc.) and selling or giving
those rights to a qualified third party (i.e., an appropriately constituted land trust or
government agency). The underlying property and all the retained property rights are
unaffected. As with a right of way or powerline easement or timber deed, a conservation
easement becomes part of the title to the property and all future owners are subject to the
easement's restrictions, even if the land is thereafter mortgaged, sold, transferred to heirs or
subdivided; and existing mortgages or deeds of trust need to be subjected to the easement
terms. In this way, the easement is permanently established for that property. Generally,
conservation easements are donated or sold to the grantee entity, which then carries the
responsibility to inspect the land periodically and enforce the restrictions. Enforcement
provisions and remedies for breach are typically embedded in statute, and include the use of
restraining orders or injunctive relief to stop damaging actions for requirement as well as the
opportunity to require restoration of impaired conservation values, such as, for instance, lost
carbon stores.

The specific rights that a property owner is restricting or retaining are spelled out in each
easement document according to the agreement reached between the landowner and the
recipient organization. Typically, with conservation easements certain development right s,
such as construction, subdivision, timber harvesting or mining, are restricted to some degree so
as to limit impacts on the land that may harm the conservation values that have been identified
for protection. The grantee organization, such as the Pacifc Forest Trust, receives these rights
on the basis that they will ensure these rights are not exercised by the grantor through time.
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A conservation easement drafted for the purposes of helping secure GHG emissions reductions
needs to have certain key tems, including:

1. A specific recital identifying that the property is or will be enrolled in an emissions
reduction project pursuant to the relevant standard (i.e., the Forest Protocol) and any
relevant statutes.

2. ldentification that the ability of the proper ty to be conserved and managed to avoid

emissions and/or reduce and store atmospheric CD UwWE w? EOOUI UYEUDOOwWYEOU

provides significant public benefit consistent referenced public policy.
3. Inclusion of the same as one of the governing purposes of theconservation easement.

4. Specific restrictions on land use to achieve the purpose, depending on the property and
the project activity, but which may include, for example, the prevention of the
conversion of forest area to other cover types or uses; limitations on other forest
disturbance, such as road building; limitations on the rate and extent of timber harvest
over time; etc.

While conservation easements are of a perpetual term, they are not inflexible. Conservation
easements can be amended with the conset of both parties to correct, clarify or change terms to
reflect advances in knowledge or other changes in condition, provided that the overall
conservation purposes are still achieved and the changes are consistent with public grant
agreements and/or Internal Revenue Sservice regulations that may pertain. Conservation
easements may also be extinguished under a court proceeding if the purpose for which the
easement was created can no longer be achieved; or through government condemnation of the
property as a whole.

1.3.1. Comparison of Conservation Easements to Other Deed Restrictions

A conservation easement is a form of deed restriction and some commentators have suggested
other deed restrictions could be just as effective in securing carbon reductions on forestprojects.
Attorney Matthew Zinn of Shute Mihaly & Weinberger, LLP, considered this question for PFT
and responded with a legal opinion dated April 15, 2009, arguing that conservation easements
are superior to ordinary deed restrictions in their enduring enforceability through time, making
them an appropriate instrument to buttress the permanence requirements of a forest carbon
project:
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uses of a property. Fexample, a deed restriction might limit future construction on the
property to a single family home or specify portions of the property that cannot be developed.
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the restricted property, if they comply with a variety of formal legal requirements for the creation

of servitudes. Most important in the present context is the requirement that the restrictions
benefit a specific parcel or parcels of real propé&dyan example, consider a restriction that
prohibits construction of any structure that would cast shade onto an adjoining property. The
adjoining property owner could enforce the restriction against future owners of the restricted

property because thestriction provides a clear bengfiaccess to sunlight U QwUT T wx OEPOUDI | :
[
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specific parcel or parcglsill not run with the land.See e.g.Marra v. Aetna Constr. Co., 15

Cal. 2d 375 (1940 handler v. Smith, 170 Cal. App. 2d 118 (1959 artin v. Ray, 76 Cal.

App. 2d 471 (1946); Cal. Civ. Code § 1468. For instanc8réater Middleton Ass'n v.

Holmes Lumber Co., 222 Cal. App. 3d 980 (1990), the court heldtth deed restriction

prohibiting logging was enforceable by neighboring property owners against a subsequent owner
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argument that the restriction failed to benefit any propeity. at 994.

In response to this traditional limitation on the enforceability of deed restrictions, California and

some other states lelgiively established special categories of deed restrictions that will run with

the land though they do not benefit identifiable parcels. Conservation easements are one category

of such restrictionsSee" EOS6 w" DY 3 w" OE| we wWhk 8 hoswpy liiétioh UYEUD OO w]
in a deed, will, or other instrument in the form of an easement, restriction, covenant, or

condition, which is or has been executed by or on behalf of the owner of the land subject to such

restrictions on the use of property contaminated with hazardous materials, such as a restriction
that the property will not be used for residential or other uses that could bring people into contact
with residual comamination. SeeCal. Civ. Code § 1471.

Accordingly, one of the primary differences between a conservation easement anéitheun

mill deed restriction is the power of the former to bind successor landowners without a connection

to a benefited propggr Conservation easements are nevertheless subject to their own limitations,
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of entities that may hold the easemer@seCal. Civ. Code 88§ 815.1, 815.2(b), 815.3. These

limitations would prevent most ordinary deed restrictions from being considered de facto

conservation easements.

1.3.2. The Added Value of Easements to Landowners, Forest Ecosystems and
Society

Conservation easements not only provide added insurance against the loss of GHG emissions
reductions from the risks of changes in ownership or forest management; they also protect and
enhance the important environmental co -benefits that forest projects can provide, such as
habitat for rare or threatened species or natural communities, watershed values, and sustainable
forestry. Further, they generally provide a means for individuals, families and businesses i n
rural communities to protect their natural resources and traditional land uses from depletion,
urbanization, and wholesale development, while retaining private ownership and productive
uses.

For the landowner, a conservation easement offers a means to potect the special attributes of a
property without the need to relinquish the ownership and the use and enjoyment of the land.
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In addition, the landowner gains the satisfaction of knowing that the land he or she values will
be protected and preserved in perpetuity.

Moreover, conservation easements can bring financial returns to landowners, above and
beyond those from the sale of emissions reductions. The conservation easement can provide
near-term financial benefits, often gained in the year it is grante d, while the sale of emissions
reductions would typically provide an annual earnings stream that can defray on -going land
commitments. A conservation easement that meets the stadards of the Internal Revenue Code
is deductible as a charitable contribution. Even easements not meeting the Internal Revenue
Service standards may still provide tax benefits. For example, by reducing the size of a taxable
estate a conservation easemenmay enable land to pass intact to future generations when it
might otherwise have to be sold to pay estate taxes. On the other hand, a grantor may choose to
sell a conservation easement and be paid with public funds, receiving immediate cash benefits
asa result.

In either instance, the value of the easement is determined by comparing the value of the
property prior to the easement grant and then again what it would be after factoring in the
limitations set by the conservation easement. The easement vaue is then calculated as the
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conservation easement on productive forestland is the degree to which development and timber
harvest are restricted. Such appraisak must meet standards established for state and federal
programs, as well as for charitable donations, the full description of which is beyond the scope
of this paper. We note that interactions between conservation easement projects and emissions
reductions projects and associated implications for their financial returns are only now
emerging, as are the implications of the emerging carbon market for forestland valuation

overall. As emissions reductions transactions and market data accumulate, appraisalswill be
required to analyze the impacts on conservation easement values.

With respect to the Bascom Pacific Forest, commercial timber owners in the state are at an

increasing disadvantage as high cost producers in a global forest products market. As a
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performance or are leaving the state altogether. Combined with the often higher value of forest

properties as rural residential and recreational real estate, this trend puU U w" EODI OUODPEz Uwx U
owned forests and their biological resources at risk. Conservation easements are a tool
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sustainable forestry investments.

Conservation easzments can be an effective, private, and low-cost means for the public to

benefit from the protection of forestland for open space, wildlife habitat, ecological significance,

responsible resource production and scenic enjoyment all of which would be lost t hrough

unrestricted development. Conservation easements can both aid significantly in the protection

of sensitive resources while supporting sustainable timber management that benefits the local

and state economy. Unlike fee title acquisition by a governmental agency, the forestland stays

on the property tax rolls and on -going land management costs remain with the landowner.

13



The conservation easement on the Bascom Pacific property provides numerous ecological and
societal benefits that are cited in the document and form the argument for its public benefit
conservation purposes. The conservation easement is written to help assure that:

1 Productive timberland will be protected as such and stay in production.

1 The land will stay in private ownership and current zoning, with no impact on property
tax receipts.

1 Wood will flow from the property to provide supplies to local mills and associated
forest products businesses, helping sustain the local and regional timber economy in a
time of decline.

f Scenic and recreatonal resources will be protected and enhanced, contributing to the
growing tourism economy of northeastern California.

1 Fish and wildlife resources will be protected and enhanced, contributing to the local
economy through consumptive and non -consumptive enjoyment and to the ecological
viability of the area.

1 Current hunting and fishing access will be protected and improved.

1 The detrimental environmental impacts of more development in the timberlands of
McCloud region will be avoided, protecting resources and underpinning a more
sustainable, mixed use economy.

Greater carbon sequestration will occur than the without -project scenario due to required
changes to forest management that promote increases in biomass, on average, across the
property and that such gain s will be maintained in perpetuity, certainly well beyond the 100 -
year Reserve project lifetime.

1.3.3. Monitoring Requirements Associated with Conservation Easements

One means by which the permanence of the climate benefits associated with a project is ensured
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and enforcing the terms of the conservation easement. By receiving an easement from the

grantor, the grantee is authorized to enforce the specific terms of the easement on future use of

the property. The grantee periodically monitors the property for compliance with the

easement's restrictions and takes corrective action if its terms are violated. Enforcement can

include legal action and restoration of the prop erty. Procedures for correcting violations and

rectifying damages are specified in the easement document itself.

In the case of the Bascom Pacific Conservation Easements, the properties are subject to both
office-based and field-based monitoring activitie s. These activities include but are not limited
to:

1 Annual meeting to discuss plans for the coming year

§ Office review of long term management plans and timber harvest plans, as well as site
visits as needed to better understand such plans

1 Confirmation wit h pertinent permitting agencies that the grantor has not submitted
permit applications, unbeknownst to PFT, for activities that are prohibited or restricted
by the conservation easement
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1 Review of Board of Equalization reports or similar documentation of ti mber harvest
volumes

T Site inspection(s) to observe conditions and monitor for compliance with the easement
restrictions. At least one site inspection will be made each year. However, during years
in which active management is occurring, several site inspections may be required to
ensure compliance is maintained.

1 Annual review of aerial/satellite imagery (subject to availability of imagery) to remotely
monitor portions of the property that were not directly visited during site inspection(s).

PFT produces monitoring reports following each site inspection. Such reports detail how the
property was monitored, what observations were made during the visit, how such observations
are related to the restrictions of the easement, and whether the grantor is in compliance with the
easement. PFT also maintains records of correspondence related to the monitoring of the
property, such as letters of approval for management plans that require review by PFT.

The monitoring and enforcement activities that a conservation easement holder is obligated to

undertake help to secure the permanence of the climate benefits of a forest project and
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Protocols. In the case of Bascom Pacific Projecthe monitoring and enforcement of the

conservation easement, particularly the terms requiring forest management activities to achieve

higher timber stocking levels than would be required under the Forest Practice Rules, ensure

that the additional carbon stocks produced will be maintained in perpetuity, barring any

natural catastrophic events.

2.0 Project Approach, or Methods
2.1 Description of Study Site

The Bascom Pacific Forest includes two tracts of commercial forestland in Siskiyou and Shasta
Counties that are a subset of a larger ownership in area known as the Pondosa Timberlands.
The River Tract consists of 4,859 acres and the Bear Tract consists of 4,344 acres. Both tracts are
zoned for timber production and are composed primarily of mixed conifer forests. The average
timber productivity rating on each tract is Site Class Ill. According to GIS data maintained by
the landowner, approximately 8,326 acres of the property is in managed timberland, with about
480 acres in evenaged plantations; 282 acres aren areas managed for sensitive habitat, while
approximately 500 acres are in watercourse or lake protection zones. Another 92 acres are in
brushfields capable of supporting coniferous forest cover, while the remaining 31 acres are in
non-forest cover types (Table 1). The closest community is McCloud. US Forest Service roads
leading from Highway 89 provide access to both tracts. A map of the tracts is included below
(Figure 1).

Table 1. Distribution of cover types on the Bascom Pacific Forest Project Site.

Cover Type Acres
Managed Timberland 8,326
Uneven-aged 7,846
Even-aged 480
Sensitive Habitat 282
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Watercourse/Lake Protection Zone 500
Brushfield 92
Non-Forest Cover 31
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Figure 1. Bascom Pacific Forest project site (in dark blue).

2.2 Carbon Stocks Measurement Methodology

Initial carbon stocking was determined on the Bascom Pacific Forest at the initiation of project
activities in 2006. A conventional commercial timber inventory performed prior to project
initiation serves as the primary basis for evaluating baseline carbon stocks on the project site.
Although performed prior to the development of this project, the timber inventory was
nonetheless compliant with the measurement standards specified by the Forest Protocols for
live trees and standing dead trees. A separate lying dead wood inventory was performed in
2007 in order to fulfill the requirement of the Forest Protocols to report carbon stocks in lying
dead wood. Although lying dead wood data was gathered after the project initiation date, t his
pool is assumed to remain constant throughout the project lifetime. As such, the 2007 lying
dead wood inventory was assumed to represent the same level of carbon stocks as were present
at project initiation in 2006.

In 2007, the project site was soldto a new owner. Given the new landowner's interest in
participating in the project, the change in ownership provided an opportunity to update the
carbon inventory on the property. With the inventory update, improvements were made to the
measurement methodology in order to increase efficiency and correct an error in the
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measurement standards applied to the sampling of lying dead wood in the initial inventory.

All sampling for the inventory update was conducted during the fall of 2008. Determining the

carbon stocks on the project site two years after the project was initiated provides the

opportunity to analyze how well conditions on the ground match the conditions that were
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monitoring obligations, ensuring that activities and conditions on the ground meet or exceed

the standard of those outlined at project initiation.

Although c onventional commercial timber inventories do not directly measure the biomass in
all above-ground tree components, equations developed for general groups of species (Jenkins
et al, 2003) can be applied to measurements that are taken in order to estimatette total above-
ground biomass in a given tree. Similarly, below -ground biomass is estimated by applying a
separate equation to the aboveground biomass values (Cairns et al, 1997). This equation is a
generally accepted means of estimating below-ground bi omass (e.g., Brownet al, 2004).

2.2.1 Purpose of the Inventory Efforts

The direct sampling efforts on the Bascom Pacific Forest were designed to generate inventory
data that achieve the following:

Provide current estimates of the standing timber volume and bio mass.

Provide current estimates of biomass in lying dead wood.

Support timber and habitat management activities.

In the case of the 2006 inventory, support projections of future timber resources and
carbon stocks using the CACTOS growth model (Wensel et al 1986;
http://www.cnr.berkeley.edu/~wensel/ cactos/cactoss.htm).

10. In the case of the 2008 inventory update, monitor project activities and resulting changes
to carbon stocks.

© © N o

2.2.2 Live and Standing Dead Tree Inventory Methodology

Two cruise designs were used togenerate a conventional commercial timber inventory on the

Bascom Pacific Forest that served as the basis for estimating initial carbon stocks. From 2001

2004, inventory data were gathered using a cruise design that was based on variable radius

plots and fixed radius subplots (1/250-acre) established on a 6.67 chain fixed grid with

intermediate estimate plots. In the beginning half of 2005, inventory data were gathered using a

cruise design that was similarly based on variable radius plots and fixed radi us subplots (1/100

acre), but on a 5 chain fixed grid. As is typical practice for conventional timber inventories,

temporary plots were employed for both cruise designs with the intention of generating

inventory estimates at a single point in time. Altho ugh version 2.1 of the Forest Protocols
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such a way that they would be revisited for additional measurements at a later point in time.

This was due to the fact that the original intent of the timber inventory did not consider the

requirements of the Forest Protocols. Nonetheless, the data collected on each of these plots nte
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all other minimum sampling criteria and are discussed below. (For a comparison of inventory
plot identification under both versions of the Protocols, see Section IX. below.)

A third cruise design was employed to estimate the carbon stocks in 2008. The cuise design
was based on a uniform grid of variable radius plots and fixed radius subplots (1/100 -acre) on a
5.0 chain fixed grid. Unlike the initial inventory, plots installed in 2008 were monumented to
provide full compliance with the Forest Protocols.

Plot data gathered during inventory cruises were stored in a Microsoft Access database After
stratifying plots into stand types, Wensel and Olson (1993) taper equations were used to
calculate individual tree volumes within each plot. Additionally, indivi  dual tree biomass was
computed using the above- and below-ground biomass equations provided in the Forest Project
Protocols. Individual tree volume and biomass estimates were used to derive estimates of stand
volumes and biomass. These standbased estimates served as the basis for the summary
inventory and biomass data for the Bascom Pacific Forest.
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Figure 2. Plot map for live and standing dead tree inventory on the Bear Tract (2001 -2005).

Plot Locations

20012005

Plots were located on a grid that was provided from a GIS for the property (Figures 2 and 3).
From 20012004, primary plots were located on a grid pattern spaced 6.67 chains (440 feet)
apart, resulting in one plot for every 4.4 acres. Secondary plots were located midway between
(220 feet from) primary plots. In 2005, primary plots were located on a grid pattern spaced 5.0
chains (330 feet) apart, resulting in one plot for every 2.5 acres. Secondary plots were located
midway between (165 feet from) primary plots. Plots were pre -numbered and displayed on
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maps supplied to the cruisers. Each plot number is a unique five digit number. Plots were
located accurately in the field, using a combination of aerial photos and topographic maps for
orienteering. For both cruise designs, the cruiser was free to choose his/her own direction of
travel, but was instructed to use the plot numbers provided from the cruise map. Direction of
UUEY] Owi UOOwx OO00wUOwx OOUWPEUwWOOUT EwOOwI EET WEUUDUI
If the plot center was not within the expected stand type, the cruiser documented the stand type
it appeared to be in. For example, if the cruiser arrived at a plot location and determined that
the vegetation condition was indicative of a condition in an adjacent stand, the cruiser would
make a note and the plotwould be assigned to the correct stand. Also, if the unbiased plot
location turned out to be outside the property boundary with a high level of certainty, all that

will be recorded is that the plot was located on the neighboring landowner. If there was any
doubt of property ownership, the plot was recorded as normal.

The cruiser hung a long flag at eye level near the plot center and a short flag near ground level

E1 OOUDPOT wOT T wxOOUWET OUT UBw3T 1 wxOOUwWOUOEI UOWEEUIT Ouw
(e.g., 35 degrees Azimuth) were recorded on the flag at eye level. At each road crossing, one

long flag was hung with the number of the next cruise plot and the direction of travel (135

degrees Azimuth), cruiser initials and date.

2008

Similar to the initial inventory, plots were located on a grid that was provided from a GIS for

the property. Plots were located on a grid pattern spaced 5.0 chains (330 feet) apart, resulting in
one plot for every 2.5 acres. Plots were prenumbered and displayed on map s supplied to the
cruisers. Plots were located accurately in the field using a map, compass, pacing, and GPS as
necessary to establish plots within one chain of the desired location.

Plots installed in 2008 were monumented using 16-inch lengths of rebar driven into the ground
so that only 3-4 inches of each was above ground. The above ground portions of rebar were
painted day-glow orange to aid potential efforts to relocate plot centers in the future.
Additionally, GPS coordinates of each plot center wer e recorded and witness tags were
installed on nearby trees or other markers to help future relocation efforts. Each tag contained
the plot number, true bearing, and slope distance to the center stake. Lastly, a 3inch wide
white band was painted around a witness tree at breast height.
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River Tract
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Figure 3. Plot map for live and standing dead tree inventory on the River Tract (2001 -2005).

Plot Configurations and Measurement Standards

20012004

Each primary plot location consisted of a set of nested plots| a variable radius plot for larger
trees and a fixed plot for smaller trees. Primary plots were taken using a variable radius plot
with a 20 BAF prism. Trees 4.6 inches diameter at breast height (DBH) and larger were tallied
for species and DBH to nearest inch. Smags greater than 10 inches DBH were measured for
condition and DBH. A subsample of live measure trees also was taken at each primary plot
using a prism with a BAF of 60, recording the species, DBH, total height and crown ratio.
Measure trees that were snag were recorded for condition, DBH and total height.
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A 1/250" acre regeneration plot (radius of 7.45 feet) was used to measure trees less than 4.6
inches DBH. Cruisers tallied up to ten of the most significant trees that were believed would
become free togrow, recording species and DBH class for each tree.

Secondary plots were taken midway between primary plots using a variable radius plot with a
20 BAF. The cruiser tallied trees 4.6 inches DBH and larger by species only, and shags greater
than 10 inches DBH by condition.

2005

Each plot location consisted of a set of nested plot$ a variable radius plot for larger trees and a
fixed plot for smaller trees. Volume plots were taken using a variable radius plot with a 20 BAF.
Only trees 7.6 inches DBH andlarger were tallied for species and DBH to the nearest inch.
Snags greater than or equal to 12 inches DBH and 12 feet in height were measured for condition,
DBH and height. A subsample of live measure trees was taken using a BAF of 60. These trees
were measured for species, DBH, total height and crown ratio.

A 1/100" acre regeneration plot (radius of 11.78 feet) was used to measure trees less than 7.6
inches DBH. Cruisers tallied up to eight of the most significant trees that appeared to be free to
grow. Trees were tallied by species, DBH class, height and live crown ratio. The frequency was
recorded when a record represented more than one tree.

2008

Each plot location consisted of a set of nested plot$ a variable radius plot for larger trees and a
fixed pl ot for smaller trees. Volume plots were taken using a variable radius plot with a 20 BAF.
Live and dead trees 4.6 inches DBH and larger were tallied for species and DBH to the nearest
inch. For live trees, live crown was estimated to the nearest 10%. For dead trees, the decay
condition was also recorded. Live and dead measure trees were taken using a BAF of 54. These
trees were measured for species, DBH, total height and crown ratio.

A 1/100" acre regeneration plot (radius of 11.78 feet) was used tameasure trees less than 4.6
inches DBH but above 0.6 inches DBH. The same information as was recorded for trees in
volume plots was recorded for live, dead and measure trees in each regeneration plot.

Table 2 below shows a sideby-side comparison of the cruise designs and measurement
standards used for the 200:2004, 2005 and 2008 live and standing dead tree inventories.

Tolerance Standards

Check cruising was conducted on 10% of the plots in each year measurements were taken. The
check cruise standards r specified data attributes developed to be consistent with the
requirements of the Forest Protocol are listed in Table 3.
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Table 2. Cruise designs and measurement standards for the 2001  -2004, 2005 and 2008
inventories.

Inventory 2001-2004 2005 2008

Plot Spacing 6.67 chains (440 feet) 5.0 chains (330 feet) 5.0 chains (330 feet)

Plot Density 1 plot per 4.4 acres 1 plot per 2.5 acres 1 plot per 2.5 acres

Primary Plot

Plot Type Variable radius Variable radius Variable radius

Basal Area Factor 20 20 20

Data Recorded For -Species (fiH -Speci es ( i H|-Species (including

Each Tallied Tree fiSofto recorASoftd r ec or|deadtrees)
trees rather than trees rather than - DBH (live and dead
species) species) trees >4.60)
-DBH (1l ive t|-DBH(livetrees > 7 |-Decay class fordead
dead trees Ydead trees X trees(Harmonetal.
class class 2007)

Measure Tree Subplot

Plot Type Variable radius Variable radius Variable radius
Basal Area Factor 60 60 54
Data Recorded For -Species (fAH|/-Speci es ( fiHa]|- Species (including
Each Tallied Tree iSofto recorASoftd r ec or|deadtrees)
trees rather than trees rather than - DBH (live and dead
species) species) trees >0 60l

-DBH (live t|-DBH (1 i ve t]-Decayclassfordead
dead trees Ydead trees > trees(Harmonetal.

class 0.120 cl ass 2007)
-Height by 1|-Height by 1|-Height by 1
- Live crown ratio to - Live crown ratio to - Live crown ratio to
nearest 10% class nearest 5% class nearest 10% class

Regeneration Plot

Plot Type Fixed radius Fixed radius Fixed radius

Plot Size 1/250™ acre (7.45 ft 1/100™ acre (11.70 ft 1/100" acre (11.70 ft
radius) radius) radius)

Data Recorded For - Species - Species - Species

Each Tallied Tree -DBH (<4.60)|-DBH (<7.60)|-DBH (<4.60)
class class class

Secondary Plot

Plot Type Variable radius N/A N/A

Basal Area Factor 60

Data Recorded For Species

Each Tallied Tree
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Table 3. Tolerance standards applied to plots evaluated during check cruising.

Measurement Theme Tolerance Standard
Species Incorrect species cannot exceed 1 in 10 plots checked.

85% of the trees must match the actual tree DBH class. Of those trees that
DBH do not meet this standard, 90% must be within one DBH class. The

remaining DBHs may vary by more than 2 classes.

°10% of the actual tree height for heights up to 100 feet and ° 10 feet for
Total Height heights greater than 100 feet. Collectively, the recorded heights cannot
demonstrate a significant bias compared to the actual heights.

85% of the trees must match the actual live crown ratio. Of those trees that
Live Crown Ratio do not meet this standard, 90% must be within a 10% class of the actual. The
remaining can be up to 15% different than the actual.

The balance of missed or added trees cannot exceed ° 1 tree per 10 plots

Missed or Added Trees checked.

Stratification of Stands

Prior to sampling, both the Bear Tract and the River Tract were stratified into stands with
relatively homogenous characteristics of species, size and density. Stratification was conducted
using aerial photography and digitized for analysis in a GIS. Within the GIS, plot locations were
overlaid with stand boundaries to determine the stand type assignment for each plot. Assigning
a stand type to each plot allowed stand and volume tables to be developed and expanded by
acreage in each stand type.

Data Recording, Storage and Organization
OOWEUUDPUI WwEEUE wPE U win@d Al ueltd EEQel wbald U Bulul QuiFuE? BRI BUd U w O ¢
or personal digital assistant (PDA). Data from the cards were entered into a Microsoft Access
database form, whereas data from the handheld device or PDA was uploaded to a desktop
computer on a consistent basis and hard copies printed.

Data gathered from these sources are maintained and managed within a dedicated database for
the project site. This system allows the user to input data, fill in missing heights and live crown
ratios, calculate volumes, perform harvest depletions, and project growth.

Data are organized in a hierarchical manner and are represented at the tree, plot and stand

level. Individual tree measurements, as outlined above, from a given plot location comprise plot

level data. Data from the plot level are then statistically expanded within a stand to create what
DPUWEOOOOOOa WUl i T UUl EwUOWEVUWEwW?UUI T wOPUUG?» ww3i PUwU
individual tr ees that comprise a given stand, based on the sample data.

Volume and Biomass Calculations

Both timber volume (in board feet or thousands of board feet) and biomass (in kilograms or
tons) were calculated for individual trees represented in the stand tree lists. Timber volume
and biomass may be derived from the same inventory data, yet one is not required to calculate
the other. In other words, timber volume does not need to be calculated in order to determine
the amount of biomass. Nor does biomass needto be calculated in order to determine the
timber volume. Nonetheless, calculating both from the same inventory data serves several
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