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SIERRA CLUB
CALIFORNIA We Cannot Clearcut Qur Wav Out of Climate Change

February 25, 2010

Re: Items 10-2-4 and 10-2-9 Overview of the Role of Offsets in the Cap & Trade
Program and Process for Adoption of Greenhouse Gas Accounting Protocols for

Compliance Purposes, Including Withdrawal of Board Adoption of Voluntary Protocols

Dear Chair Nichols and Air Resource Board Members,

Sierra Club California members appreciate the extensive effort exerted by the Board and
its staff to design and implement AB 32. There are many interconnected components that
can make or break the effectiveness of our climate change program to achieve actual
reductions in greenhouse gas {GHG). Section 96220 of the Proposed Draft Regulations
(PDR) states that all offset credits must “represent a reduction or avoidance of
greenhouse gas emissions, or greenhouse gas sequestration that is real, additional,
quantifiable, permanent, verifiable and enforceable (hereinafter “certain to happen™) > If
the offsets are not certain to happen then we run a substantial risk of undermining the
entire effectiveness of the program and shooting past both the 2020 target and tipping
point we are mightily trying to avoid.

To that end, we appreciate that the Board is considering withdrawal of its adoption of the
voluntary protocols, especially with respect to those relating to forestry and support the
staff’s recommendation. Attached is our letter from your January hearing which lays out
specifically the importance of fully understanding that not all carbon offsets are equal and
even within a protocol sector, not all offsets carry the same amount of assurance that
additional sequestration is certain to happen, pose the same amount of risks for the
environment and public health nor the same amount of potential co-benefits.

The attached recent article by Jared Nunery and William Keeton, “Forest carbon storage
in northeastern United States: Net effects of harvesting frequency, post-harvest retention,

and wood products,” in Forest Ecology and Management, (1/2010) demonstrates that

different forest practices have significantly different propensities for carbon storage.

Forests, with their unique ability to be both a sink and a source of carbon emissions,
could play some role in our ability to combat climate change. However, this trade-off
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only works when the additional carbon sequestered by forests is immediate and reliable.

We need pay close attention to the quality of the carbon offset if offsets are going to be
considered as “a transition substitute” for actual reduction at the source. It does no good
for achieving the goal of AB 32 if the offset reduction is not certain to happen or, if by
subsidizing aggressive logging practices, we promote additional public health and
environmental harm or foment cultural displacement.

Sincerely,
%g/é/ %M 7
Michael Endicoit

Sierra Club California

ARB Board Meeting 2/25/10 page 2



Forest Ecology and Management £xx (2010) 00t-xxx

... Contents lists available at ScienceDirect

Journal homepage: www.elsevier.com/lacate/fo;

Forest carbon storage in the northeastern United States: Net effects of harvesting
frequency, post-harvest retention, and wood products

jared S. Nunery, William S. Keeton*

343 Aiken Center. Rubenstein School of Environment and Natural Resources, University of Vermont, Burlingron, VT 05405, United States

ARTICLE INFO ABSTRACT

Temperare forests are an important carbon sink, yet there is debate regarding the net effect of forast
management practices on carbon storage. Few studies have investigated the effects of different
siivicultural systems on forest carbon stocks, and the relative strength of in situ forest carbon versus
woed products pools remains in question. Our research describes (1) the impact of harvesting frequency
and proportion of post-harvest structural retention on carbon storage in northern hardweood-conifer
forests, and (2) tests the significance of including harvested wood products in carbon accounting at the
stand scale. We stratified Forest Inventory and Analysis (FIA) plots to control for environmental, forest
structural and compositional variables, resulting in 32 FIA plots distributed throughout the northeastern
U.5. We used the USDA Forest Service's Forest Vegetation Simulator to project stand development over a
160 year period under nine different forest management scenarios. Simutated treatments represented a
gradient of increasing structural retention and decreasing harvesting frequencies, including a “no
harvest” scenario. The simulations incorporated carbon flux between aboveground forest biomass {dead
and live pools) and harvested wood products. Mean carbon storage over the simulation pericd was
caleulated for each stivicultural scenario. We investigated tradeoffs among scenarios using a factorial
trearment design and two-way ANOVA. Mean carbon sequestration was significantly {« = 0.05) greater
for “no management” compared to any of the active management scenarios, Of the harvest treatments,
those favoring high levels of structural retention and decreased harvesting frequency stored the greatest
amounts of carbon. Classification and regression tree analysis showed that management scenario was
the strongest predictor of total carbon storage, though site-specific variables were important secondary
predictors, In order to isolate the effect of in situ forest carbon storage and harvested wood products, we
did not include the emissions benefits asscciated with substituting wood fiber for other construction
materials or energy sources. Modeling results from this study show that harvesting frequency and
structural retention significantly affect mean carbon storage. Qur results illustrate the importance of
both past-harvest forest structure and harvesting frequency in carbon storage, and are vatuabie to land
owners interested in managing forests for carbon sequestration.

© 2010 Elsevier B.V. All rights reserved.
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1. introduction

While deforestation accounts for about 20% of total global
carbon dioxide (COz) emissions, due primarily te tropical
deforestation (JPCC 2007), forests in United States are currently
a carbor (C) sink sequestering approximately 10% of U.S. annual
CO; emissions {Birdsey et al, 2006). Developing carbon markets
have recognized the important role of forests in the terrestrial €
cycle and the potential contribution of sustainable forest
management to climate change mitigation efforts (Canadell and
Raupach, 2008; Ray et al., 2009b). A working hypothesis is that

* Corresponding author. Tel.: +1 802 656 2518: fax; +1 802 656 2623.
E-mail address: William.Keeton@uvm.edu {W.S. Keetoa),

0378-1127/% - see front matter © 2610 Elsevier B.V. All rights reserved.
doir 19.1016/j.fereco.2009,12.029

“improved forest management” could achieve higher levels of C
storage (termed “additionality”) compared to “business as usual”
or a baseline condition {Ruddeil et al, 2007). While forest
management clearly impacts terrestrial C storage (Birdsey et al.,
2007}, little information is avaiiable describing how specific forest
management aiternatives might affect C storage and sequestration.
This understanding is vital, because the dynamics of storage and
fluxes among the different sinks impacted by management {e.g.,
forest C versus woud preducts pools) are complex, rendering
accounting of net effects on C storage challenging (Birdsey et al,,
2006; Ray et al, 2009b). The purpose of this study is to inform
forest C management practices using empirical data coupled with
forest-stand development modeling. We investigate the impacts of
harvesting frequency and post-harvest retention on C sequestra-
tion in managed forests in the northeastern US. We also
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specifically address the importance of accounting for C stored in
wood preducts when determining net effects on sequestration
(Seid! et al,, 2007).

Some researchers have suggested that sustainably managed
forests sequester more C than unmanaged forests, stressing the high
tree growth rates achieved in harvested stands (Ruddell et al., 2007},
and C stored in wooed products {Malmsheimer et al., 2008). However,
other studies have demonstrated that unmanaged forests, such as
old-growth forests in the U.S. Pacific Northwest {Harmon et al,
1990: Harmon and Marks, 2002} and boreal forests in northwestern
Russia{Krankina and Harmon, 1994), sequester greater amounts of C
than managed forests. These authors have argued that intensified
forest management actually leads to a net flux of C o the atmosphere
due to lower biomass in harvested stands and the often short
lifespan of wood products. These conclusions, however, are based
primarily on studies involving conversion of old-growth forest to
youag plantations (Harmon et al., 1990) and the effects of intensive
harvesting practices, such as clearcutting (Krankina and Marmon,
1994}, Net effects on € dynamics across a range of silvicultural
systems, including modified even-aged and less intensive uneven-
aged forest management practices, remain poorly explored and thus
are a focus of this study.

Recently. interest has developed in the use of reduced harvesting
frequency {Curtis, 1997) and post-harvest structural retention
(Franklin et al., 1997; Keeton, 2006; Swanson, 2009} as approaches
favoring maintenance and development of high tevels of in situ forest
C storage. However, previous analyses of harvesting frequency (also
termed “extended rotations”) were focused primarily on even-aged
forest management (Liski et al, 2061, Harmon and Marks, 2002:
Balboa-Murias et ai, 2006). Few studies have addressed the coupled
effects of variations in harvesting frequency and post-harvest
structural retention in mature, even to multi-aged forests, such as
those now dominant on-the New England landscape. Decreased
harvesting frequency increases C storage in managed stands (Liski
et al., 2001; Balboa-Murias et al., 2006); however, the resulting
sequestration remains less than the totai C storage in unmanaged
forests, even accounting for fluxes caused by naturat disturbances at
landscape scales (Krankina and Harmon, 1994} In other studies,
accounting for € stored in durable, long-lived wood products
increased the estimated net C storage for intensively managed
forests in which rotation periods were also increased {Perez-Carcia
et al, 2005). Discrepancies among previous studies signal that
further research is needed to quantify the coupled effects of
harvesting frequency and post-harvest structurai retention, inform-
ing the on~geing debate within the forest management community
(Ray et al., 2009b). Moreover, the effects of "harvesting intensity”
(used here to refer 1o the combination of harvesting frequency and
structural retention) en C sequestration remains poorly investigated
for northern hardwood forests specifically, though some research
has been conducted in the U.S. Pacific Northwest (Harmon and
Marks, 2602) and the U.S. Central Appalachian region (Davis et al,,
2009}, The specific C pocls considered when defining “sequestra-
tion” affect the net accounting result {Harmen, 2001). In this study
we are particularly interested in aboveground C storage, and thus
use the term “sequestration” to refer to total C stocks {aboveground
forest biomass + wood products), rather than uptake rates, We
explicitly describe “forest carbon uptake rates” as such whenever
they are discussed.

Quantifying mean C sequestration under a given forest
management scenario requires a temporal scale spanning at least
one complete hagvesting cycle. For this reason, simulation
modeling is often used to gquantify C sequestration in forests.
Numerous process-based, empirical, and hybrid models have been
developed to project forest C dynamics in response to management
activities. These models have been used in a variety of forest types
in Europe {Seid! et al, 2007), northwest Russia (Krankina and

Harmon, 1994), the U.S, Pacific Northwest (Harmon and Marks,
2002}, Chile (Swanson, 2009), and the U.S. Central Appalachian
region ( Davis et al., 2009). While absolute predictions generated by
models carry uncertainty, they are useful for comparing relative
differences among alternate management and forest development
scenarios (Eriksson et al, 2007; Seid! et al.. 2007},

This study uses a widely accepted forest growth model to
examine C sequestration tradeoffs among harvesting frequency
and post-harvest structural retention under even- and uneven-
aged forest management, while incorporating fluxes to wood
products. We address a fundamental research question facing
forest managers, namely: what is the most effective way to store €
through forest management? [s C sequestration greater under
more intensive approaches favoring high rates of uptake and C
transfer to wood products? Or are less intensive approaches,
favoring in sity forest C storage, more effective at maximizing C
storage? We test two key varjables with the potential to affect
ferest C sequestration: { 1} harvesting frequency (rotation length or
entry cycle}, and (2) post-harvest structural retention (residual
biomass following a harvest) Our first hypothesis is that
unmanaged forests sequester greater amounts of C than actively
managed forests, even accouating for C storage in durable wood
products. The second hypothesis focuses on the effects of
management intensity. We hypothesize that silvicultural pre-
scriptions with increased structural retention coupled with
decreased harvesting frequency will sequester the greatest
amount of C relative to other active management scenarios.

2. Methods
2.1, Study area and selection of study sites

The geographic focus of this study is the northern hardwood
region of the northeastern U.S., encompassing portions of upstate
New York, Vermont, New Hampshire, and Maine (Fig. 1). The study
area is dominated by northern hardwood-conifer forests, in which
Acer saccharum (sugar maple}, Fagus grandifolia { American beech),
Tsuga canadensis (eastern hemlock), and Betula alleghaniensis
(yellow birch) form the majer late-successional species. We used
Mapmaker 2.1 (accessed 7/22/2008, available at: www.fia fs.fed.us/
tools-datajother/) to stratify the study area by eco-subregions
{Bailey, 2004) and then selected Forest inventory and Analysis
(FIA) plots (ar sites) from within these to ensure that our sample
was representative and weli-distributed {Fig. 1}. We used the most
recent FIA inventory data (Maine: 2003. New York: 2004, New
Hampshire: 2005, Vermont: 2005) to aveid potential discrepancies
among survey periods, We further stratified FIA plots using US
Forest Service defined site-specific variables to select only
financially mature stands ready for harvest at the beginning of
the simuiation period. Variables included stand age (80-100 years
old), slope (0-50%), forest type {maple-beech-birch), stand origin
(natural), site productivity (site class 1-5 out of 7}, physiographic
class (mesic classes 21-25), basal area (BA > 23 m? ha™'}, and total
merchantabie cubic volume {>141 m® ha'). To obtain a sufficient
sample size, our selection criteria encompassed a degree of
heterogeneity in initial stand conditions. The stratification process,
applied to the entire FIA database for the selected subregions,
resulted in a total of 32 FIA plots meeting these criteria (14 sites in
the White Mountain Region and western Maine. 3 sites in the
Green Mountain Region, and 15 sites in the Adirondack Mountain
Region); these are hereafter referred to as our study sites (Table 1}

2.2, Model description

FVS was chosen for its ability to simulate forest management
activities, the availability of a mode! variant calibrated for northern
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Fig. 1. Map of approximate locations of FIA piots used in simulation medeling. in total, we selected 32 stands spanning 10 eco-subregions and 4 states.

hardwoods, its accessibility to the general public, and its
compatibility with FiA data (Ray et al., 2009a). In addition, FVS
is one of several simulation models identified by veluntary C
markets for estimating C sequestration in managed forests as part
of climate change mitigation projects. Site specific stand structure
and composition data were input into FVS to project stand
development under alterriate management scenarios. The FVS
model has been used by North American forest managers for over
30 years in a variety of applications, and can be used in multipie
biomes (Teck et al., 1996; Crookston and Dixon, 2605). FVS is a
distance-independent, individual tree-based forest growth mod-
el, specifically designed for even- and uneven-aged stands with
simple to mixed species composition {Crookston and Dixon,
2005), Aboveground biomass estimates are based on species
group-specific allometric equations (Jenkins et al, 2003). The
temporal scope of model projections ranges from five to several
hundred years, with five-to-ten~-year resolution, VS calculates
carbon sequestration in a variety of aboveground and below-
ground carbon pools at each time step; however, this study
examined oniy the aboveground live and dead tree biomass rodel
outputs. FVS also tracks C fluxes among wood products pools
throughout their life cycles, from production to landfill or
incineration, following methodologies developed by the USDA
Forest Service (Smith et al., 2006). To simulate € fluxes in wood
products, FVS identifies pulp and sawlogs {Dixon, 2002), and
applies product-specific (i.e., paper, durable weed product, etc.}
life span curves based on recent data specific to North American
forest types (Smith et al., 2006).

Component models (varants) are used to adjust model
behavior to reflect regional climatic conditions and growth rates.
We used the Northeast Variant {NE-FVS), which uses growth and
yield equations from NE-TWIGS (Hilt and Teck, 1989) and
embedded height equations and bark ratios specific to northeast-
ern species. A comprehensive validation study is not available for
afl sub-routines within NE-FVS. However, regional validation
studies of NE-FVS have shown adequate predictions of forest
growth in northern hardwood forests, with modeled volume
predictions within 10~15% of actual volutnes (Yaussy, 2000). FVS is
effective at simulating forest growth under different management
scenarios (Crookston and Dixon, 2005; Ray et al., 2009a). Modeling
efficienicies of 77-99% were found in short term projections,
however, regionally calibrated regeneration inputs are necessary
to increase model accuracy In projections greater than 20 years
(Bankowski et al., 1996). Furthermore, FVS is not an appropriate

maodel for simulating impacts of climate change on forest growth
(Yaussy, 2000).

Our stand developrment simulations assumed: {1) no natural
disturbances; (2) constant climate; and (3) stable soil C storage.
Excluding these sources of variability allowed us to isolate forest
management effects on aboveground C and explore the refative
differences between scenarios. Intensive forest management
practices leading to heavy soil scarification can significantly
increase soil carbon flux rates (Lal, 2005), While we recognize the
uncertainty inherent to this approach, it is consistent with
previous modeling work that also focused on relative differences
among forest management trajectories (Eriksson et al., 2007; Seidl
et al,, 2007).

2.3, Silvicultural simulations

Totest our two hypotheses, we evaluated a variety of even-aged
(Table 2} and uneven-aged (Table 3) silvicultural prescriptions. In
total, we simulated nine different management scenarios, includ-
ing one passive (Le., a reserve-based) "no management” scenario
and eight active management scenarios. The latter were represen-
tative of silvicultural systems used commonly in the Northeast, but
were modified to encompass a range of harvesting intensities,
Specific prescription parameters were derived from silvicultural
guides and studies in the Northeast (Leak et al., 1986; Nyland,
1996; Keeton, 2006). The silvicultural prescriptions included four
even-aged scenarios and four uneven-aged scenarios. Within these
broad groups, individual treatments were derived by factoring two
levels for each of two categories: harvesting frequency and degree
of structural retention (Tables 2 and 3), for a total of § active
management scenarios,

To test the effect of harvesting frequency on C sequestration,
stand development simulations for the four active management
scenarios were run under two different harvesting intervals, long
(120 years for even-aged scenarios; 30 years for uneven-aged
scenarios) and shost (80 years for even-aged scenarios; 15 years for
uneven-aged scenarios) {Tables 2 and 3},

To evaluate the effect of structural retention, we deveioped two
different even-aged managernent scenarios representing different
levels of structural retention. A clearcut represented low structural
retention and the most intensive management practice, with a
complete removal of all trees greater than 5 cm diameter at breast
height (DBH). A shelterwood (Nyland, 1996) represented greater
structural retention, with the retention of six legacy trees {canopy
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Table 2

Description of the four even-aged silviculturai prescriptions used as management scenarios. We used a factorial design to test the independent effects of and interactions

among two levels each for harvesting frequency and structural retention,

trees never harvested) per hectare (Table 2). In uneven-aged
scenarios, two individual tree selection (ITS) systems were used.
For ITS, harvesting was based on a pre-defined diameter
distribution {q factor) that directed harvesting towards diameter
classes with stem densities above target levels (Table 3). Slash was
not included in the aboveground dead wood carbon calculations
when removed from the site as part of management prescriptions.
We ran all the management scenarios over 160 year simulation
periods in order to capture a minimum of two complete harvesting
cycles in the high frequency even-aged management scenarios,
Estimates of average C sequestration under lower frequency
harvesting were thus lower than if these scenarios had been
simulated through two compiete cycles. This resulted in conser-
vative evaluations of the relative differences among scenarios,
while minimizing uncertainty associated with projections run over
longer timeframes. Model calculations (e.g., predicted growth and
mortality) were performed on 5 year time steps (Dixon, 2002).

‘Fable 3

2.4. Regeneration inputs in model simulations

'Because NE-FVS includes oniy a vegetative regeneration sub-
model (ie., limited stump sprouting only), user-defined para-
meters {including species, spatial distribution, total number per
acre, and seedling size) must be defined in order to simulate
regeneration. We acquired Information on natural regeneration
rates in northern hardwood forests from the literature {Graber and
Leak, 1992) and from field data in the northeastern U.S. for similar
silvicultural treatments and sitefstand conditions {Vermont Forest
Ecosystem Management Demonstration Project, unpublished
data) (Table 4). We used these data to develop background
regeneration rates based on site-specific average overstory species
proportions. Background regeneration rates {intermediate to
shade tolerant species only), input at 10 year intervals, emulated
natural regeneration within stands, independent of forest man-
agement activities.

Description of the four different uneven-aged silvicultural prescriptions used as management scenasios. We used a factorial design to test the independent effects of and
interactions among two levels each for harvesting frequency and structural retention. ITS = individual tree selection.

# g-Factor is defined as the ratic of the number of stems to those in each successively larger diameter class.
b tegacy tree is defined as a permanently retained tree lasger than the maximum diameter used to define the target diameter distribution,
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Table 4

Regeneration inputs used in model simulations. The numbers represent seedlings per hectare.

For active managemen: scenarios, we adapted regeneration
data specific to northern hardwood even-~aged (Leal, 1987, 2005}
and uneven-aged management (Mader and MNyland, 1984: Leak,
1987; Donoso et al, 2000). We correlated input regeneration
values (Table 4) with percent canopy cover (e.g., decreased percent
canopy cover following harvests corresponded with increased total
seediing inputs). We zalso adjusted the relative proportions of
shade intolerant, intermediate, and tolerant species based on post-
harvest canopy cover {Nunery, 2009). We employed user-defined
model rules to initiate management scenario-specific regeneration
inputs at the time step imnmediately following all simulated
regeneration harvests. A full description of adjustments to
regeneration inputs, based onr modeled biomass accumalation
sensitivity to stand density, is presented in Nunery (2003).

2.5. Data analysis

Simulation output from the 32 different sites were averaged to
produce mean values for each scenario, All values, unless stated
otherwise, are presented as mean C sequestration over the 160
year simulation period. We calculated the mean € sioclk in
aboveground biomass (live and dead) and wood products during
the simulation period, as a way to compare C sequestration
between management scenarios (Eriksson et al., 2007), in order to
examine the tradeoffs in C sequestration between active and
passive management, our first hypothesis, we used SPSS 16.0
(2008) statistical software to run single-factor ANOVA and post hoc
Bonferroni multiple comparisons testing significant differences
{c = 0.05) between scenarios. To evaluate our second hypethesis,
examining the effect of management intensity on C sequestration,
we used rwo-way ANOVA to test for significant effects of
harvesting frequency, structural retention, and their interaction
on mean C sequestration.

We also conducted a sensitivity analysis to help identify subtle
differences in the effects of harvesting frequency on C sequestra-
tion. We did this by adjusting the low and high harvesting

Table 5

frequency scenarios applied to each of the four original silvicul-
tural prescriptions. The original high harvesting frequency (80
years in even-aged and 15 years in uneven-aged scenarios) was
decreased by 25% to create two additional harvesting frequencies
{60 years for even-aged and 11 years for uneven-aged). The
original low harvesting frequency (120 years in even-aged and 30
years in uneven-aged) was increased by 25% to create two
additional harvesting frequencies (150 years for even-aged and 38
years for uneven-aged scenarios). Due to data storage limitations
in the model, we were unable to simulate extremely high harvest
frequencies (harvesting frequency < 15} for uneven-aged scenari-
as over the entire 160 year simulation period. For this reason, the
25% below original high frequency scenarios (11 year entry ¢ycles)
for uneven-aged management are computed in FVS the same as the
original high frequency (15 year harvesting frequency), and the
sensitivity analysis in uneven-aged scenarios is restricted to three
different harvesting frequencies {15, 30, and 38 years). Adjusted
model outputs were tested using two-way ANOVA,

A logical criticism of attributing predicted C sequestration
effects solely to management scenario is that site characteristics,
such as productivity, pre-harvest stand volume, and species
composition (e.g., percent conifer), might also affect forest growth
rates and C sequestration potential. To evaluate this, we used a
classification and regression tree (CART) to test the predictive
strength of management scenarios relative to other site-specific
environmental, structural, and compositional attributes, modeled
as independent variables. CART analysis is a powerful tool for
analyzing complex ecological data (De’ath and Fabricius, 2000}, It
is a robust, nonparametric, binary method that partitions variance
in a dependent variable through a series of repeated splits
{branches) based on values of multiple independent variables
{Breiman et ai., 1984; Keeton et al, 2007b, p. 857). CART was
chosen for its ability to explain variation within a single response
variable (in this case, mean C sequestration) based on both
categorical and continuous independent variables generated from
FIA plot measurements (Table 5). In the case of independent

Description of independent variables used in CART analysis. The character of variables is denoted by A=stlvicultural scenario, S=spatial, E=envirommental, C=stand
compuosition, Tw=stand structure; and the fype by N=numeric, Q= ordinal, or C=categorical,




S
! vy gms SR > 5
En agé?

g SRS

J.S. Nunery, W.S. Keeton/ Forest Ecology and Management xxx {2010} xxi-xxx 7

i Hntsimolatedianvest
i

S
k=3
3
H
H

120

o
=]

h
L~

Aboveground C with Wood Products (Mg Chal)
i g

g

saman N Mamagenrent
. == ClearentHigh

o

- YRR L
o omet

v o
panrraeranrt?

= CleareutLow
wase e lterwoodHigh
o Shelterwood] ow
= TT8 LowHigh
e == 58 LowLow
»++o T8 HighHish
<o I¥8 HishLow

Yo

Fig. 2. Simulation output time series for the 9 different management scenarios (values represent 0 year mean of 32 stands C storage in aboveground live/dead biomass and
wood products). Ten year means of C sequestration were used to create chronosequences to illustrate the temporal dynamics for each management scenario, however these
vaiues were ot used in the overall statistical analyses and are presented here for illustrative purposes. Average forest growth was estimated for 1895 using 20 year mean
predicted growth rates of alt stands. Chronesequences starts from the estimated mean averages in 1995, all harvest cycles began at 2005 (noted with vertical dotted line). For

management scenario descriptions refer to Tables 2 and 3.

variables exhibiting strong coilineatity (r* > 60), the variable
having greater correlation with the dependent variable was used in
analyses to avoid redundancy. CART analysis was performed using
S-Plus software (Statistical S-Plus, 2002). Cost-complexity pruning
was used to eliminate non-significant nodes. Pruning was dictated
by « =005, in this case a measure of how much additional
accuracy an individual split must add to the entire tree to warrant
additional complexity.

3. Results

3.1, Mean C sequestration under alternate forest management
scenarios

2.1.1. Simulation model predictions

The simulation results show a clear gradient of increasing C
sequestration as forest management intensity ranges from high
(clearcut) to low (ITS_Highlow and No Management) {Fig. 2).
Sharp declines in C within active management scenarios are caused
by the removal of € from the forest foliowing a scheduled harvest.
The amplitude of these declines is muted by the Rux of C into
storage pools in wood products as well as the averaged 10-year C
sequestration values, Generally, scenarios with decreased harvest-
ing frequency show greater accrual of C as a result of accretion of C
in dead wood pools and increased live biomass (Fig. 2). Clearcut

Table &

scenarios sequestered less C than all other management scenarios
(Table 6), Shelterwood scenarios sequestered similar amounts of C
as TS scenarios ermphasizing low structural retention. Of the active
management scenarios, ITS scenarios incorporating high structural
retention sequestered the greatest amount of C (Table 6}, Mean C
sequestration in the no mapagement scenario was significantly
higher (p < 0.01) than all other scenarios as indicated by ANOVA
and muitiple comparison tests (Fig. 3}

3.1.2. Effects of harvesting frequency and post-harvest structural
retention

Meodel predictions showed that post-harvest structural reten-
tion significantly affects C sequestration (p < 0.01), based on the
results of the two-way ANGVA. In our initial analysis, harvesting
frequency did not have a statistically significant effect (p = 0.081,
Table 7). The interactive effect of harvesting frequency and
retention also was not statistically significant (p = 0.584). [n order
to investigate more subtle differences among silvicultural pre-
scriptions, we re-ran the two-way ANOVAs, separating treatiments
into two groups: even-aged and uneven-aged treatments (Table 7).
In this second iteration, harvesting frequency significantly affected
€ sequestration for uneven-aged treatments (p = 0.01). Conversely,
for even-aged scenarios our initial set of harvesting frequencies did
not significantly affect C sequestration {p = 0.658). In both uneven
and even-aged scenarios, structural retention significantly affected

Mean C storage over the 180 year simulation period for several different poals (n=32).
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Fig, 3, Comparison of mean C stocks in nine different management scenarios. Error barg show + one standard error of the meanr. For management scenario descriptions refer to
Tables 2 and 3. Asterisk notes significant difference (p < 0.01) between active and passive management scenarios. Significant differences between active management

treazment effects are described in Tabie 7,

C sequestration{p < 0.01). Furthermore, the interaction of harvest-~
ing frequency and retention was not significant in either uneven-
aged {p = 0.7186) or even-aged {p = 0.554) management scenarios.

To test mode! sensitivity to harvesting frequency, we performed
a secondary analysis in which we adjusted harvesting frequency in
all active management scenarios {Table 8). When the difference
between [ow and high frequencies was increased by 25% or more, C
sequestration for all scenarios was significantly affected {p < 0.01).
The interaction of harvesting frequency and structural retention
was not significant {p > 0.01}, except when scenarios were
compared against even-aged prescriptions with harvesting fre-
quency set to 60 years (p<0.01). In this case, the strong
interaction was driven by a combination of extremely high
harvesting frequencies (relative to typicai silvicultural practices
in the northern hardwood region), and very low structural
retention.

3.1.3. Effects of forest management scenario versus site-specific
factors

The CART results {n=288) strongly supported our second
hypothesis that barvesting intensity significantly affects C
sequestration, but showed that site-specific variables, in some
cases, can also be important secondary predictors. Of the eleven
independent variables included in the initial model, four variables
were incorporated in the final CART model: management scenario,

‘Fabie 7
Treatment effects on the mean C sequestration over the 160 year simulation period, based on two-way ANOVA, lzalicized p values are statisticatly significant,

site index, percent conifer, and basal area. Of these variables,
management scenario was the strongest predictor of mean C
sequestration, explaining variance at both primary, and in some
cases, lower splits on the tree (Fig. 4). The primary split at the root
node, or top of the tree, was divided between active and passive
management techniques (Fig. 4). The left side of the tree was
further divided at the next node between high intensity (higher
harvesting frequency and lower retention) and low intensity
(lower harvesting frequency and higher retention} active manage-
ment scenarios. However, after the general range of C sequestra-
tton potential was established by management scenario, CART
showed that some syb-groupings of sites with higher site index
(i.e., more productive), greater initiai basal area(e.g., »36.4 m3/ha),
and lower percent conifer (e.g, <15%) had significantly greater
mean C sequestration. Together these results indicate the potential
for interaction between management scenario and site-specific
conditions.

3.2. Effects of forest management scenarios on C uptake rates

To clarify the relative importance of uptake rates versus storage
in our estimates of total predicted sequestration, we calculated
average annual C uptake rates three different ways (Table 9): (1) C
uptake rate per harvest cycle with the inclusion of wood products
{U3); (2) C uptake rate for 160 simulation period without the
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Tabie 8

Two-way ANOVA results from sensitivity analysis. Results are divided by harvesting frequency and structural retention, Harvesting frequency adjustments are shown as
percent above (+) or below {~) the original high and fow harvesting frequencies used in simulation modeling. Four harvesting frequencies were used: (1} 25% below the
original high frequency {60 years even-age; 11 years uneven-age): {2) the original high frequency (30 years even-age; 15 years uneven-age}; (3) the original fow frequency
{120 years even-age: 30 years uneven-age); (4] 25% above original low frequency {150 years even-age: 38 years uneven-age). Italicized p values are statistically significant.

Mean square ‘Sienificance (p). -

2 As a result of madel limitations, 11 year harvesting frequencies in uneven-aged scenarios are simulated the same as 15 year entry cycles and vaiues are identical.

inclusion of C stored in wood products (Uz); and {3) C uptake rate {Tabte 93 In this same calculation {UJ;), C uptake rates in the no
for 160 simulation period with the inclusion of wood products (Us). management scepario were the third highest overall. When
Annual uptake rates were calculated by averaging the deita values averaged over the 160 year simulation period without the
between time steps over the specified period of time. Greater inclusion of C stored in wood products (i), C uptake rates in
temporal variation in uptake rates (Table 9) highlights C flux three scenarios were negative. However, the inclusion of C stored
changes over time as a result of management activities. When C in wood products (Us) resulted in positive uptake rates for all
uptake rates were averaged by harvest cycle (Uy), clearcut scenarios. It should be noted that mean C uptake rates for the 160
scenarios had greater C uptake rates than all other scenarios year simulation period {U; and Us) include at least one harvest in

Secenario Legend: Scenario:

A: No Management BCDEFGHI

B: ITS_HighLow *

C:ITS_HighHigh .

D: ITS_LowLow < Active | | Passive >

B:ITS_LowHigh

F: Clearent_Low

G: Clearcut_High

H: Shelterwood_Low
I: Shelterwood_High

" —t Scenario: Basal Aren <
High Intensi asal Aren
£ o i [Lov iy sl Arca
i | !
Site Index <73 Percent Conifer <15 1483 1835

Mg Cf Scenarie: F G !

ha X .

" 104.9 120.1 972

615 85.7

Fig. 4. Classification and regression tree {CART) showing independent variables selected, split values, and partitioned mean vatues {bottorm) of the dependent vartable {mean
. C sequestration). The Bgure ranks independent variables by predictive strength (top to bottom); the length of each vertical line is proporticnal to the amount of deviance
I explained by each variable. independent variables were sefected from an initial set of 11 variables, Minimum observations required for each spiit=5; minimum
deviance = 0,05; it =288, The n value in CART is determined by the muitiplication of the total number of inventory plots (n » 32} and the totai number of management
sceparios {n =5},
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Tabte 9

Comparison of three dilferent calculated mean C uptake rates by management scenario,

- 'No Managensent: -

the active management scenarios, wherein significant amounts of
C are lost from forest pools following the treatment.

4. Discussion

Our moedeling results indicate that forest management intensity
strongly affects C sequestration. While our findings tell a novel
story, they build on previous studies in remperate forest regions
(Eriksson et al., 2007; Seidi et al., 2007, Swanson, 2009}, Research
in North America has shown that actively managed forests
sequester substantial amounts of C and should be considered
when developing terrestrial C management ¢ptions {Davis et al,,
2009). Furthermore, research in European forests has highlighted
the importance of considering wood products in € accounting
{Eriksson et al, 2007; Seidi et al., 2007). Unlike previous studies,
our results show there can be important, and sometimes
interactive, effects of both post-harvest structural retention and
harvesting frequency. These findings are relevant to ongoing
debates regarding forest management and C sequestration, as
addressed by our two hypotheses. The results supported both our
first hypothesis that passive management sequesters more C than
active management, as well as our second hypothesis that
management practices favoring lower harvesting frequencies
and higher structural retention sequester more C than intensive
forest management,

Currently, the incorporation of active forest management in
climate change mitigation is widely debated. At issue is whether
this can achieve real {or net) C storage benefits, as opposed to
simply increasing flux rates between different pools {Ray et al.,
2009b). Cn one hand, intensively managed forests with high
harvesting frequencies that produce wood products and biofuels
are recognized as a viable option for reducing C emissions by
avoiding substitution of more C intensive products or energy
{Eriksson et al., 2007; Malmsheimer et al., 2008). On the other
hand, numerous studies have concluded that the replacement of
older forests with younger forests results in a net refease of C to the
atmosphere (Harmon et al,, 1990; Schuize et al., 2000). Cur resuits
support these iatter findings, and show that a shift towards
intensively managed forests does not increase C sequestration
when accounting is restricted to aboveground forest biomass and
harvested wood products.

4.1. Effects of forest management on carbon sequestration

Our study is among the first to expiore the combination of both
harvesting frequency and post-harvest structural retention in the
northern hardwood region. The results show that management
practices favoring lower harvesting frequencies and higher
structural retention sequester more C than more intensive
practices. There are also more subtie effects of structural retention

and harvesting frequency. In our first iteration of management
scenario projections, structural retention had a greater effecton C
sequestration than harvesting frequency. However, cur sensitivity
analysis showed that harvesting frequency can significantly affect
C sequestration when rotation periods are sufficiently extended {or
differentiated in the case of cur methodology). This finding is
supported by prior research (Krankina and Harmon, 1994; Liski
et al, 2001; Balboa-Murias et al., 2006). Unliike previous studies
focused on even-aged management {Harmon et al, 1990; Lisii
et al., 2001 Baiboa-Murias et ai., 2008) or in situ forest C without
consideration of wood products (Krankina and Harmon, 1994), our
analysis demonstrated the importance of retention and harvesting
frequency for both even- and uneven-aged silvicultural practices
and included wood products. Furthermore, we expect the
differences between intensive and less intensive management to
be even greater with the inclusion of greenhouse gas emissions
from energy inputs (i.e., diesel fuel, gascline, and electricity
generation) associated with timber harvesting, trucking, and
processing.

Accounting for emissions offsets from the substitution of wood
products for nen-wood products, such as steel and concrete, can
significantly change the net C effect of forest management
(Hennigar et al., 2008). This is especially true when considering
the potential for reduced availability of wood products associated
with decreased harvesting (Ray et al., 2009b}, Comprehensive life-
cycle analyses show that substituting wood products for steel and
concrete decreases emissions of C0O5 to the atmosphere, due to the
energy inputs required to manufacture the latter {Lippke et al,
2004). However, incorporation of substitutive effects within life-
cycle analyses is challenging and potentially unveliable due to
uncertainties in quantifying emissions from wood products
transportation and methane emissions atiributable to decomposi-
tion of forest products in landfills (Miner and Perez-Garcia, 2007).
Moreover, C markets currently only award credits for C stored in
the forest and in wood products due to the complexities involved
with broader energy accounting (Ruddell et al, 2007). It is critical
to understand the individual impacts of fluxes between pools in
order to inform broader studies addressing substitutive benefits of
forest products, which is why this study focused on C fluxes
between a restricted set of identified pools.

Few studies have investigated the effects of harvesting
frequency on C sequestration in uneven-aged silviculture specifi-
cally. Our study showed that for uneven-aged management
scenarios common to the northern hardwood region, decreased
harvesting frequency significantly increased C sequestration,
independent of post-harvest structural retention in all scenarios.
However, for even-aged management scenarios, we found that
decreasing harvesting frequency alone does not always resultin a
statistically significant increase in C sequestration. Thus, consid-
eration of both structural retention and harvesting frequency is
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necessary to optimize forest € sequestration in northern hardwood
SCOSYSEems.

4.2. Carbon uptake rates versus storage

Another important issue is the relative importance of C uptake
rates versus in siti storage {or biomass) in terms of effects on total
ecosystemn sequestration. Our results showed that increased
management intensity was positively correlated with increased
C uptake rates. Younger forests have high C uptake rates, though
they store significantly less C than ofder forests (Harmon et al,
1990, Luyssaert et al, 2008). However, C uptake rates vary
depending on the scale (spatial, temporal, and process resolution)
at which they are measured or assessed (Harmon, 2801). Our
resuits showed that when the temporal scope was restricted to one
harvesting cycle, the greatest C uptake rates were in clearcut
scenarios (0.55 and 0.44 Mg € ha~! yr~1), representing the highest
management intensity. These findings are consistent with previous
research {Hoover and Stout, 2007).

With the exception of the two clearcut scenarios, “ne
managermnent” had greater C uptake rates than all other manage-
ment scenarios. We believe this is a result of two factors: (1) model
sensitivity to regeneration inputs; (2) C sequestered in dead wood
pools, We examined the first factor by testing mode! sensitivity to
varying regeneration inputs, confirming the model's high sensi-
tivity to user-defined regeneration inputs. Model sensitivity to
regeneration was tested by re-running all 32 stands in two
randomly selected management scenarios with no regeneration
inputs, These simulations showed large increases in C uptake rates
{up to 12.5 times greater). Mortality and stand developmental
dynamics within FVS are largely a function of stand density; hence,
accurate regeneration inputs are critical. NE-FVS simulations
lacking well researched, user-defined regeneration inputs may not
realistically reflect stand developmental processes for northern
hardwood forests.

To address the influence of dead wood accumulation on uptake
rates, we analyzed model partitioning of C within forest pools
{Tabie 6). In the “no management” scenario, dead wood recruited
and accumnulated for longer and at faster rates compared to the
other scenarios, with C additions to dead wood pools exceeding
losses from decomposition. Allocation of C to dead wood pools
increases with forest stand development and, in some cases,
compensates for declining growth rates in older trees in terms of
total ecosystem biomass accumulations (Harmon, 2001), For this
reason, in our results “no management” had C accrual rates similar
to the highest rates seen in intensive active management scenarios,
where rapid biomass accretion was closely related to increased
growth rates, Excepting the most intensive management scenarios
(i.e. clearcutting), our results did not show that intensively
managed forests have greater total C accumulation rates than
older, slower growing forests. We attribute this to a combination of
model sensitivity to regeneration, projected net positive C
additions in live trees (Keeton et al, 2007b; Luyssaert et al,
2008), and the significantly greater dead wood C pool that develops
over time under less intensive management scenarios. Further-
more, recent research has shown that older temperate forests
maintain net positive C uptake rates longer than previously
recognized (Luyssaert et al,, 2008). Predicted C sequestration uptake
rate declined over time for the unmanaged forest, largely as a result
of the embedded equations in FVS describing forest growth patterns.
This would mean that FVS may be under-estimating C uptake under
the passive and less intensive management scenarios, as the model
predicts reduced growth rates with increasing age (e.g., rotation
; period) and stand density. Thus, our conclusions comparing more
" intensive with less intensive scenarios are likely to be conservative.
Our results were similar to those found by Davis et al. (2009), who

found similar average annual C uptake rates between unmanaged
and even-aged managed forests.

4.3. Uncertainty in projections

We recognize the uncertainties within model predictions related
to underlying assumptions, sucls as those pertaining to disturbance
and climate change. Changes in climate and natural disturbance
regimes are highly likely to impact northeastern forests over the
next 160 years. Natural disturbances impact C seguestration
through rapid flux of C from living biomass to dead wood pools
foliowing large-scale disturbance, or more graduai flux of C between
peolsas aresult of small to intermediate-scate disturbances. Climate
change is likely to cause individual spectes range shifts {Beckage
etal, 2008), community compositional changes{Xu et al,, 2009}, and
increased mortality from drought, disease, and spread of exstic
organisms (van Mantgem et al., 2009). Previous research has
incorporated climate change and other anthropogenic stressors into
model projections of forest ecosystem processes (Aber et al., 2001),
however, this was not within the scope of our project.

In some cases, forestry practices have the potential to increase
susceptibility to disturbances, such as windthrow. [n temperate
deciduous forests sensitivity to direct climate impacts alse can be
increased by canopy removals (Beckage et al., 2008). These effects
are likely to accentuate the C seguestration differences between
harvesting practices that maintain continuous forest canopy and
below-canopy microchimate, and those that remove greater
proportions of the canopy cover. The latter increase susceptibility
to the direct effects of climate on plant physiology {Beckage et al.,
2008), such as summer drought effects on seedlings (Franklin et al.,
1991). The potential for CO, fertilization effects on plant growth is
also major source of uncertainty {Hyvonen et al,, 2007). Managing
the risks associated with climate change and natural disturbances
will require an adaptive approach regardless of carbon manage-
ment scenario {Keeton et al,, 2007a).

4.4, Integrating carbon sequestration into forest management
systems

There is significant potential for enhanced C sequestration by
modifying harvesting frequencies and retention leveis, applied both
to conventional silvicultural systems as well as innovative systems,
such as disturbance-based forestry (North and Keeton, 2008), Some
sitvicultural tools have already been developed that utilize these
concepts and would be applicable for land managers interested in
managing for increased € sequestration, in the US$. Pacific
Northwest, for example, the variable retention harvest system
(Frankiin et al, 1997} retains post-harvest biomass and better
approximates natural disturbance effects, including persistence of
biological legacies (Franklin et al, 2002). In the U.S. Northeast,
silvicultural approaches that emulate the frequency and scale of
natural disturbances {Seymour et al, 2002), and increase post-
harvest structural retention (Keeton, 2006) represent options for
managing for high biomass forests. In temperate European forests,
conversion from short rotation, even-aged forestry to uneven-aged
management has been shown to increase net C sequestration, even
under rmultiple climate change scenarios (Seid! et al., 2008). Less
intensive management strategies may provide co-varying ecosys-
tem services, such as enhanced habitat for late successtonal wildlife
biodiversity {McKenny et al., 2006), hydrologic regulation (Jackson
et al.,, 2005), and riparian functionality (Keeton et al., 2007b).

4.5, Conclusions: implications for carbon market participation

Sustainably managed forests sequester considerable amounts
of C and thus have a role to play in climate change mitigation
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projects. Howaver, it is essential to recognize that forestry is only
one of many necessary abatement options {Tavoni et al., 2007},
Standardized protocols for both managing and measuring C in
forests are necessary to achieve demonstrable  sequestration
benefits {Lindner and Karjalainen, 2007), while maintaining
socially and ecologically responsible mitigation projects. The
methodologies used in this study provide a simple framework,
with broad geographic appiicability, for assessing C sequestration
effectiveness in managed forests. With nationally available FIA
data, and a widely accessible simulation model, our general
methodotogy can be replicated in other regions. Findings from this
study together with further research will help poticy makers
evaluate the potential for forest management to contribute to
climate mitigation programs.

Emerging cap and trade C markets may provide a potential
source of revenue for forest landowners interested in practicing
sustainable forest management (Ray et al,, 2009b}. To participate,
landowners will have to demonstrate a change in management
leading to enhanced C sequestration or “additionality.” Our
findings suggest that passive or less intensive management are
the most effective management techniques for achieving addi~
tionality, assuming no inciusion of substitution effects and market
mechanisms o minimize displacement of timber harvesting to
other properties or regions. We showed that even with consider-
ation of C sequestered in harvested wood products, unmanaged
northern hardwood forests will sequester 39 to 118% more € than
any of the active management options evaluated. This finding
suggests that reserve-based approaches will have significant C
storage value,

However, this does not mean that additionality cannot also be
achieved through specific choice of active forest management
aporoach. For example, we showed that a shift from high frequency
management with low structural retention to low frequency
management with high structural retention can sequester up to
57% more C. This difference is largely a result of the significant
initial loss of C incurred from removal of large quantities of Cstored
in live and dead aboveground free biomass, siow post-harvest
accretion of Cin dead wood pools, and the transient nature of Cin
the wood products streamn (Smith et al.,, 2006}, Collectively, our
findings suggest that a shift 1o less intensive forest management
alternatives will result in a net increase in C sequestration in
northern hardwood ecosystems, so long as the accounting is
restricted to forest and wood products C pools.
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SIERRA CLUB
CALIFORNTA Forests I:orcver

January 28, 2010

Re: Item 10-1-7 CARB Preliminary Draft Cap & Trade Regulation (PDR) - Forestry

Offsets We Cannot Clearcut Qur Wayv Out of Climate Change

Dear Chair Nichols and Air Resource Board Members,

We appreciate the extensive effort exerted by the Board and its staff to design and
implement AB 32. There are many interconnected components that can make or break
the effectiveness of our climate change program to achieve actual reductions in
greenhouse gas (GHG). Section 96220 of the PDR states that all offset credits must
“represent a reduction or avoidance of greenhouse gas emissions, or greenhouse gas
sequestration that is real, additional, quantifiable, permanent, verifiable and enforceable
(hereinafter “certain to happen™) ” If the offsets are not certain fo happen then we run a
substantial risk of undermining the entire effectiveness of the program and shooting past
both the 2020 target and tipping point we are mightily trying to avoid.

For at least the first two compliance periods {2015) of AB 32 implementation, we urge

the Board not to include forestry sequestration credits for purposes of regulatory
compliance that would have to be certified pursuant to Forest Project Protocol version

3.1, Section 3.9.4 (clearcutting or even aged management)." There would still be ample
opportunity for much more certain to happen forestry sequestration projects, while this
novel Forest Protocol is established and problems are worked out during the growing
pains., These would include Reforestation Projects, Avoidance of Conversion, and
Improved Forest Management timber operations that qualify for the Forest Project
Protocol under sections that promote Sustainable Harvesting Practices and Natural Forest
Management techniques.

1 We recommend that Board members make sure to see the comments submitted on the
PDR to the Board by Sierra Club California and others dated January 11, 2010 and Ebbetts Pass
Forest Watch also dated January 11, 2010. {Attached)
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Not All Carbon Offsets Are Equal in terms of their ability to be certain to happen.
Depending on whether or not there are any geographic limitations, monitoring, verifying
and enforcing become increasingly problematic. Offsets that actually reduce emissions
from another source in the same geographic region are the most certain to happen.
Offsets that help low income families purchase energy efficient appliances (such as
refrigerators and air conditioners) could also reduce energy demand and thereby the

release of GHGs.

The least certain way is to try and sequester increased amounts of carbon to offset current
and ongoing GHG releases. Most sequestering protocols are dependent in their construct
on modeling due in part to the novelty of the concept and the need to estimate “what
would have happened” in order to assure that they are additional.

Some offsets also have important co-benefits that should be recognized. On the
otherhand some offsets, in addition to being less certain and more expensive to track and
verify, have a greater potential to aggravate environmental and public harm through
subsidizing “aggressive’” business practices that operate on the edge of regulatory limits
and nature's carrying capacity. Including these risky, low quality offsets, would also
carry “opportunity costs” were they to be the ones the ARB allows instead of securing
reduced emissions from an industrial facility in a heavily impacted community subject to
health impacts from toxic air contaminants that are also being emitted.

As the ARB constructs the ribbing, decking and masts for the maiden voyage of a Cap &
Trade ark, it should not include clearcuts as an appropriate sequestration method for
regulatory compliance in substitution for GHG reductions for the major emitters included
in the first and second compliance periods. Compared to other types of offsets (both
without and within the forestry sector), it presents significant threats to the integrity of
the program's hull (due to lack of certainty, questionable cobenefits, and high potential
for perpetuating environmental harm).

Even Within a “Sector” of Offsets, Not Al Offsets are Equal. When this Board
approved Forest Protocol version 3.1 (with clearcuts included) for voluntary programs,
we raised significant concerns about the inclusion of clearcuts as a way certain to reduce
GHGs. When questioned by a Board member, staff assured the Board that approval for
voluntary reduction purposes did not prejudice a vote about whether or not to include the

protocols for regulatory purposes. We are now at that stage.

Only the Laws of Nature are Immutable. Gravity will always do what gravity does.
Unchecked increases in GHG emissions will take us past the tipping point. The Laws of
Man are more a statement of intent than a certainty. Speed limit signs can affect behavior
but are not certain to reduce speeds to the stated number. This is especially true about
laws that deal with the interaction of man and nature.
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While the kinks of a new program are worked out, assumptions in new models are being
tested and recalibrated, and shortcomings of a program's ability to verify and enforce
certain reductions are being modified, we should only include programs that most closely
follow the laws and balance of nature such as those that follow the Forest Protocol
prescription for natural forests to “promote and maintain a diversity of native species and
utilize management practices that promote and maintain native forests comprised of
multiple ages and mixed native species at multiple landscape scales (including that of the
project) (Section 3.9.2). 2

Programs that seek to sequester carbon in manners that at least try to promote the
characteristics of the Laws of Nature, even if they fail to sequester as much carbon as we
estimate, could also have some important cobenefits such as better water quality,
decreased erosion, longer snowpack retention, greater disease resistance and decreased
fire risk.

On the otherhand, clearcutting aggressively pushes all of natures boundaries in addition
to being an increased emission source in the near term when the harvesting is happening.
That is not the way to get us to the 2020 goals. More specifically, the amount of
additional carbon being sequestered above business as usual is not reliable and
immediate. °

If a forest project successfully grows more trees within a hundred years, there is no
guarantee additional trees are not being logged somewhere else. The protocol refers to
this shifting of tree harvesting from one area to another as leakage. The forest owner
does not need to inventory all logging operations making it possible to “under log” the
project area and “over log” other lands. In addition, the leakage could be occurring on
forests in a nearby state or on the other side of the world.

Forests, with their unigue ability to be both a sink and a source of carbon emissions,
could play some role in our ability to combat climate change. However, this trade-off
only works when the additional carbon sequestered by forests is immediate and reliable.

2 For instance, the Forest Protocols have an extensive punchlist still to be worked out. How to
account for how a timber manager treats carbon in lying and standing deadwood still needs to
be established fully. Right now there is no fundamental difference whether it is left in place to
rot slowly over time or is gathered into large piles and burned.

3 Clearcutting projects will show increased carbon at the end of 100-year cycle by

lengthening the rotation cycle — not NOW when we need the extra carbon sequestration most to

buy time to modify industry processes and transportation modes. Professor Beverly Law of

Oregon State University has found that the site of forest that has been clearcut continues to be a

net emitter of carbon for approximately 20 years. You can read about her findings in NRDC’s

“Nature” article (http://www.onearth.org/article/the-giving-trees).
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We need pay close attention to the quality of the carbon offset if offsets are going to be i
considered as “a transition substitute” for actual reduction at the source. It does no good

for achieving the goal of AB 32 if the offset reduction is not certain to happen or, if by

subsidizing aggressive logging practices, we promote additional public health and

environmental harm or foment cultural displacement.

We cannot clearcut our way out of climate change. Please do not try.

Sincerely,
%géﬁ/ Sl 7
4
Luke Breit
‘Michael Endicott Luke Breit
Sierra Club California Forests Forever
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