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Summary

This study examines the potential influence of wood products on reduction credits using the Climate
Action Reserve Forestry Protocol version 3.1, improved forest management project type. A second goal
was to examine the potential to derive CRTs while converting from natural stands to plantations.

California mixed conifer and coast redwood/Douglas-fir forests were modeled using FVS-WESSIN
(Westside Sierra variant) and CRYPTOS growth simulators. Initial inventory conditions well above and
below common practice were modeled as were varying ending inventory levels. Medium and high site
classes were also modeled. High-yielding ponderosa pine, interior Douglas-fir and coast Douglas-fir
plantations were simulated. Harvest schedules were constructed to simulate project activity and
baselines. CRTs were calculated but did not include the project-specific risk analysis and buffer pool
contributions.

In most scenarios the wood products contributions were negative. Positive contributions only occurred
where initial stocking levels were well above the common practice, but were still less than about 10% of
project CRTs. Plantation yields were not sufficient to cause gains in CRTs except for some stands with
low initial stocking. These gains were modest, usually less than about 5%, and would be offset by dead
wood losses if converting complex stands.

This study indicates that the wood products pool has mostly a negative effect on CRTs due to the
substantial harvest necessary in the baseline simulations. While this will have substantial ramifications for
projects that propose reduced harvest levels, there is no evidence that the wood products may be

relied upon for the majority of CRTs in a project. No clear gain in CRTs was evident from conversion of
multi-species natural stands to monoculture plantations.

Contents
SUMMAIY ettt s st s st s ettt st st st st st st ettt sttt se st ee e bbb st et sstacsens 2
MEENOMAS ...ttt sttt st st sttt st s et et bttt sttt ettt aen 3
Wo0od Products IMPact ANAIYSIS ........ccceercerecireeieeeieeneesenseseaseesseesseesseessenessesessesesseassseaessscsstassstncsstnssssnsssencsecs 3
Forest Structural Change Impact Analysis .......cccoeecvrerenercnercsercnenenee 4
RESUILS .ottt bbb sass bbb bbb bbb 4
CONCIUSIONS ...ttt s s bR SRR bbb bbb bbb b0 7
REFEIENCES ...ttt bbb bbb bbb bbb 8
Appendix A: Methodological Detail .........c.ccocreemrenemrencmrencrrencerecrnecneceeeseceseenene 9
APPENdiX B: Project SChedUIES.........c et aeseaeseseaeas et sesesstassseasastassstasastasestaes 13




Methods

The methods were divided into two analyses: wood products impacts on Climate Reserve Tonnes
(CRTs) and forest structural change impacts on CRTs. Accounting was done per the Climate Action
Reserve Forest Project Protocol, Version 3.1 (October 22, 2009). The Improved Forest Management project
type was utilized (CAR 2009).

Wood Products Impact Analysis

The coast redwood/Douglas-fir and Sierra mixed conifer forest types were analyzed. Two site classes
were analyzed for each forest type: high site | and medium site Ill. Within each forest type and site class,
two starting conditions were considered: well below and well above the common practice. Common
practice was given in Appendix F of the protocol:

0 Northern California Coast, Redwood: 72 tonnes/acre live tree carbon
0 Sierra Nevada-Southern Cascades, California mixed conifer: 39 tonnes/acre live tree carbon

Initial stands were generated using a normal distribution of diameters by species and plot (R 2010).
Stands were defined as groupings of plots, as found in a typical forest inventory, with 10 plots per stand
that met the 5% sampling error threshold defined in the protocol. Tree height and crown ratios were
imputed based on Biging et al. (1994) for the mixed conifer and the Jackson Demonstration State Forest
functions for redwood and coast Douglas-fir. The volume and biomass functions used were the FIA
regional functions used for the common practice estimates in the protocol (FIA 2009b, a).

Yield streams were constructed that modeled the initial stands through time, simulating growth,
mortality and harvest (see Table 8 for an example). Harvests were simulated at the mid-point of each
decade. Commercial thinning from below was simulated by harvesting to a residual basal area per acre
from the smallest trees first that met minimum merchantability standards. Two residual basal areas were
modeled, the minimum under the California Forest Practice Regulations and twice that amount. For
each scenario the following yield streams were constructed.

e Grow only, no harvests
e Thin every decade (two levels of residual stocking)
e Thin, clearcut, replant, thin (clearcut once)

Growth, mortality and harvest were simulated using CRYPTOS (Wensel et al. 1987) for the coast
stands and FVS-WESSIN (west-side Sierra Nevada variant) (Dixon 1994) for the mixed conifer stands.
There were 184 yield streams created for the wood products impacts analysis.

Schedules of growth and harvest were constructed using the yield streams created above. The schedules
were for 100 years (ten 10-year periods). A linear programming application (GIPALS 2010) was used to
optimize given functions subject to given constraints. Three optimization functions were specified for
each scenario.

I. Maximize the 100-year on-site carbon difference between the project activity and the average
on-site baseline.

2. Maximize the 100-year off-site in-use carbon difference between the project activity and the
average off-site in-use baseline.



3. Maximize the 100-year total on and off-site in-use carbon difference between the project activity
and the average baseline. This combines | and 2 above.

In calculating CRTs, all the variables in equation 6.1 (CAR 2009, page 38) of the protocol were
considered. This included onsite carbon in the project activity and baseline, secondary effects due to
reductions in harvest in the project activity relative to the baseline, and any negative carryover. Also, the
penalty for landfill carbon in the baseline exceeding the pool in the project activity was also included.
Project specific deductions for the buffer pool, which are based on a risk assessment, were not included
as they may have influenced the results so as to not make them general across projects.

Forest Structural Change Impact Analysis

The existing carbon yield streams from the wood products impact analysis were used to represent initial
mixed species stands. Plantations of Douglas-fir replaced the mixed coast stands and ponderosa pine and
Douglas-fir plantations replaced mixed conifer stands. The plantations were grown at two site classes
higher than the initial stands and were modeled to represent an optimal condition of growth that may
be obtained by attending to competing vegetation control, optimum site growing conditions, and
genetically superior planted stock. The original stands used site class 3 while the plantations were grown
at site class |. In addition to the 184 yield streams created for the wood products impacts analysis, 60
additional yield streams were created for a total of 244.

Six harvest schedules were simulated, two for each plantation type. The schedules were run with an
optimization goal of total carbon production, relative to a baseline, for the low and high starting
conditions. The results were compared to the analogous results from the standard schedules in the
wood products impact analysis. The silvicultural options for the plantations were as follows:

e Clearcut, plant on a 16’x16’ spacing (no hardwood competition), commercial thin to the
regulatory minimum of 125 ft2 per acre in basal area (100 for pine), clearcut again at the
regulatory minimum age of 50 years (for site 1) and 80 years (for site 3); continue planting and
thinning.

e All plantations are initiated in the first 50 years.

Additional constraints were added to the six schedules to ensure that the intensive plantation yield
streams could only be used for the project activity and not the baseline.

Results

The results of the 48 individual harvest schedules for the wood products impact analysis are shown in
the figures in Appendix B (Bl — B48). See the sidebar on page 6 for a detailed description on how to
read the output. A summary of the results is presented in Table |. When projects were optimized for
on-site carbon credit production (blue) the total tonnes per acre ranged from 3.0 to 69.3. Note that this
equates to | 1.0 to 254.3 tonnes of CO2e per acre; all results are reported in C. Offsite in-use
contributions to these projects was usually negative and at most 4.1 tonnes per acre or 10%.



When projects were set to optimize the production of offsite in-use carbon credits, all but one

produced infeasible projects because of the negative on-site consequences. The one project that did

work produced substantially less CRTs than the ones that utilized onsite credits, 15.1 versus 62.3.

Table I. Results of project schedules for analyzing the impacts of wood products on CRTs. NF

means Not Feasible.

Project Length Objective to Maximize
years On-site C Off-site, In-use C Total C

Initial | Site On- | Off- On-Site | Off-Site | Total |On-Site | Off-Site | Total | On-Site | Off-Site | Total

Forest Type Stocking | Class Ending Inventory Site | Site |Total| (t/a) (t/a) | (t/a)| (t/a) (t/a) |(t/a)]| (t/a) (t/a) | (t/a)
mixed conifer Low 3 cP 40 | NA | 40 18.0 -2.4 | 14.8 NF NF NF 18.0 -2.4 | 14.8
mixed conifer Low 3 [Between Initialand CP| 20 [ NA | 20 4.9 -1.4 3.0 NF NF NF 4.9 -1.4 3.0
mixed conifer Low 1 CP 70 | 100 | 70 73.2 -7.3 [ 623 22 10.8 [ 15.1| 73.2 -7.3 | 62.3
mixed conifer Low 1 | Between Initialand CP{ 50 | NA | 50 45.7 -5.7 | 37.3 NF NF NF 45.7 -5.7 | 37.3
mixed conifer High 3 CP 20 | NA | 20 62.3 -0.9 60.5 NF NF NF 62.3 -0.9 60.8
mixed conifer High 3 | Between Initialand CP| 40 | NA | 40 30.6 0.8 31.0 NF NF NF 30.6 0.8 31.0
mixed conifer High 1 CP 20 [ NA | 20 54.2 -0.9 [ 52.5 NF NF NF 54.2 -0.9 | 52.6
mixed conifer High 1 |Between Initialand CP{ 20 | NA | 20 22.2 2.4 25.1 NF NF NF 22.2 2.4 24.8
redwood/Doug-fir| Low 3 cP 20 | NA'| 20 28.9 -2.0 | 26.0 NF NF NF 28.9 -1.8 | 26.2
redwood/Doug-fir| Low 3 | BetweenInitialandCP| 10 | NA | 10 15.6 -1.2 13.9 NF NF NF 15.6 -1.1 14.0
redwood/Doug-fir| Low 1 cp 20 | NA | 20 17.7 -1.6 15.2 NF NF NF 17.7 -1.6 15.2
redwood/Doug-fir| Low 1 [BetweenInitialand CP| 20 | NA | 20 10.0 -1.0 8.2 NF NF NF 10.0 -1.0 8.2
redwood/Doug-fir| High 3 CP 20 | NA | 20 67.7 -0.6 66.8 NF NF NF 67.7 0.1 67.8
redwood/Doug-fir| High 3 | Between Initialand CP| 20 | NA | 20 35.7 2.4 38.6 NF NF NF 35.7 3.1 39.5
redwood/Doug-fir| High 1 cP 20 | NA'| 20 68.7 0.9 69.3 NF NF NF 68.7 1.1 69.7
redwood/Doug-fir| High 1 |[BetweenInitialandCP| 20 | NA | 20 35.7 4.1 40.1 NF NF NF 35.7 4.3 40.4

The projects that optimized for maximum total carbon production (on and off site) were similar and

often identical to the projects that maximized onsite carbon (red compared to blue). The largest

increase realized in managing for both on and off-site carbon was |.| tonne per acre or 1.6% of the

project (67.7 versus 67.8 tonnes per acre). As before, offsite in-use contributions to these projects were

often negative and was at most 4.3 tonnes per acre or 10.6% of the project total. The starting and

ending inventories each had the largest effect on CRTs realized across type and site classes. Having a

high versus low starting inventory or ending at a higher versus lower inventory averaged differences in
CRTs realized by a factor of two.

Comparing the results of the projects that included high-yield plantations in the project activity to ones

that did not (Table 2) resulted in 0% to 5.7% increases in CRTs. Where gains did occur, they were

mostly due to higher returns (actually less loss) in offsite storage (i.e. wood products).

Table 2. Comparison of standard silviculture versus high-yield plantation options.

Resulting CRTs
Standard Silviculture High-Yield Plantation
Project
Initial | Length [ On-Site |Off-Site| Total | On-Site |Off-Site | Total |Increase
Initial Forest Type | Plantation Type |Stocking| (years) | (t/a) (t/a) (t/a) | (t/a) (t/a) (t/a) (%)
mixed conifer Ponderosa Pine Low 40 18.0 -2.4 14.8 18.0 -2.0 15.2 2.7%
mixed conifer Ponderosa Pine High 20 62.3 -0.9 60.8 62.2 -0.6 61.3 0.8%
mixed conifer Douglas-fir Low 40 18.0 -2.4 14.8 18.0 -2.0 15.2 2.7%
mixed conifer Douglas-fir High 20 62.3 -0.9 60.8 62.3 -1.0 60.7 0.0%
redwood/Doug-fir |Douglas-fir Low 20 28.9 -1.8 26.2 28.9 -0.7 27.7 5.7%
redwood/Doug-fir |Douglas-fir High 20 67.7 0.1 67.8 67.7 0.1 67.8 0.0%
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This sidebar describes how to read output from the scheduler, which uses linear programming
optimization to construct a baseline and project activity schedule to optimize the production of Certified
Reduction Tonnes (CRTs). Information about the schedule is shown in the upper right corner. The
description is given as “MCLowStockingSite | End | 00%CPMaxT otal”’, which means the following:

e MC = mixed conifer forest type

e LowsStocking = initial inventory is below the common practice mean given by the CAR Protocol
(39 tonnes/acre C)

e Sitel = site class one, the highest and most productive of five site classes

e Endl00%CP = schedule is constrained to end at 100% of the common practice figure (39)

e MaxTotal = the objective function of the schedule is to maximize the total (on-site plus off-site in-
use carbon) over the 100-year projection.

Under the description is given the objective function, list of constraints, common practice carbon tonnes
per acre, project target carbon tonnes per acre, and the name of the initial stand. In this example the
ending on-site carbon stocking is set to 100 tonnes per acre because lower values were not feasible for
the model to solve. The growth was too high in this scenario, but a target of 39 tonnes C per acre worked
for site class 3.

The top graph shows the baseline and project activity projections of carbon stocks along with the averaged
baseline stocking, which is constrained to be at or above the starting stocks. The top table shows the
carbon yields for the various pools for the project and baseline projections. The middle graph shows the
off-site carbon over time; there are lines for project and baseline contributions to the in-use and landfill
pools. The baseline lines are for the average since this is what was used in calculating CRTs. The bars on
the bottom graph show the on-site and off-site (in-use) contributions for each decade along with a line
showing the net CRTs. The table to the right shows the CRT accounting by decade including on-site, off-
site, the in-use leakage adjustment, landfill effect (negative or zero), carryover from decade to decade, and
the net CRTs. The table in the lower right shows the allocation of acres to the project and baseline
projections by general silvicultural treatment: grow with no harvest, commercial thin from below and
clearcut. Even though the schedule is for 100 years, a practical project will likely be less, in this case 70
years.




Conclusions
The research questions that initiated this study are listed below with answers.

)

2)

3)

1)

5)

Is it possible to derive a majority of CRTs from wood products over the life of an
improved forest management project?

Answer: Based on the simulations done in this study it is not possible to derive a majority of
CRTs from wood products. In most cases wood products pools of in-use and landfill negatively
affects CRTs due to there being more harvesting simulated in the baseline than in the project
activity. When harvesting occurs there is an assumed immediate emission from the above and
below ground portions of trees, of which the merchantable portion is generally less than half.
The amount of long-term storage estimated from wood products does not offset this emission
enough to allow wood products to contribute positively to CRTs in most cases.

Is it possible to derive large amounts of CRTs from wood products relatively early
in the project?

Answer: This was not evident in any of the scenarios in this study. Baseline modeling requires
substantial harvest throughout the planning horizon. This creates a deficit of off-site tonnes that
must be matched before credits can be realized from wood products, which usually does not
occur until decades have passed, if at all.

At what point in a 100-year project could CRTs be derived primarily from wood
products?

Answer: In no case that was modeled in this study were CRTs derived primarily from wood
products, at least not without a substantial penalty from on-site carbon thereby negating the
wood products carbon.

How does the difference in baseline approaches (i.e., above FIA mean and below
FIA mean) across different forest types affect total CRTs and their balance of
carbon pools?

Answer: Positive CRT contributions from wood products only occurred where initial stocking
levels were well above the common practice; in no case did this occur when initial stocking was
below the common practice. The coast projects were more likely to have positive wood
product contributions than were the mixed conifer types. Considering the factors of type, site,
starting inventory, and ending inventory the starting and ending inventories were most influential
on total CRTs.

Is it feasible to convert a complex multi-species forest to a simplified monoculture
and derive CRTs under the protocols?



Answer: Based on the simulations conducted here, which were very aggressive in plantation
productivity assumptions, there is no evidence that conversions to plantations will yield more
than a 6% increase in project CRTs and usually less than 3%. While it is may be feasible to
convert a complex multi-species forest to a monoculture it would be difficult to perpetuate a
short rotation strategy. Once converted, the stand would need to be allowed to mature to
offset the on-site losses incurred during conversion. This would also push CRTs decades into
the project.

The simulations in this study did not show a preference for the plantation yield streams in
almost all cases. Gains from this strategy were most beneficial when the initial inventories were
relatively low. Dead wood was not considered in the simulations. If the converted stands were
complex and contained relatively large pools of dead wood then this would negate any gains,
given that the potential gains were shown to be modest.
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Appendix A: Methodological Detail

The species modeled in this paper are shown in Table 3.

Table 3. Species list.

Common Name | Scientific Name Two-Character | Forest Type
Code

ponderosa pine Pinus ponderosa benthamiana PP Sierra Mixed Conifer
(pacific)

sugar pine Pinus lambertiana SP Sierra Mixed Conifer
incense-cedar Calocedrus decurrens IC Sierra Mixed Conifer
Douglas-fir Pseudotsuga menziesii menziesii DF Sierra Mixed Conifer,

Coast Redwood/Douglas-

(coast) fir

white fir Abies concolor lowiana WF Sierra Mixed Conifer

(Sierra Nevada)

California black Quercus kelloggii BO Sierra Mixed Conifer

oak

coast redwood Sequoia sempervirens RwW Coast Redwood/Douglas-
fir

Tanoak Lithocarpus densiflorus TO Coast Redwood/Douglas-
fir

The initial conditions of the coast redwood/Douglas-fir stands were composed approximately of 45%
redwood, 45% Douglas-fir and 10% tanoak, by basal area. The assumed elevation for the coast
redwood/Douglas-fir analysis was 500 feet. Even-aged stands were simulated by using a normal
distribution random number generator in R (2010), by species. Regeneration after clearcut was
modeled by inputting post-pre-commercial thinned stands ten years after harvest. This is done because
CRYPTOS does not have a small tree growth model so trees need to be 3-5 inches in dbh to be grown
reasonably by the program. The regeneration was assumed to be on a 16x16 foot spacing (170 trees per
acre) consisting of 45% redwood, 45% Douglas-fir and 10% tanoak by number of trees.

The initial conditions of the Sierra mixed conifer stands were composed approximately of 25%
ponderosa pine, 5% sugar pine, 15% incense-cedar, 20% Douglas-fir, 25% white fir and 10% black oak, by
basal area. The assumed elevation for the Sierra mixed conifer analysis was 4,000 feet. The target
quadratic mean diameter (QMD), coefficient of variation (CV) and basal area are given in Table 4. The
specifications for the other stands are shown in Tables 3-5. The results for a stand, consisting of 10




plots, is shown in Figure |. Regeneration after clearcut was modeled using the ESTAB process in FVS.
The PLANT keyword was used to specify the planting, which was done at the time of clearcut, since FVS
has a small tree growth model. One year seedlings were planted assuming a 16x16 spacing (post-
precommercial thin density). The mixed conifer was equal parts ponderosa pine, incense-cedar,
Douglas-fir and white fir with black oak sprouting. The height of the seedlings varied by site class.

Table 4. Input specifications for the low stocking mixed conifer plots.

Species | Basal Area | QMD | CV (%)
(ft2/ac) (in.)
PP 12.5 16 6
SP 25 18 18
IC 7.5 14 14
DF 10.0 14 14
WF 12.5 12 12
BO 5.0 8 8
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Figure |. Diameter distribution, by species, of even-aged mixed conifer stand.

Table 5. Input specifications for the high stocking mixed conifer plots.

Species | Basal Area | QMD | CV (%)
(ft2/ac) (in.)

PP 62.5 22 22

SP 12.5 24 24

IC 375 20 20

DF 50.0 18 18

WF 62.5 16 6

BO 25.0 12 12

Toul 2500 [




Table 6. Input specifications for the low stocking redwood/Douglas-fir plots.

Species | Basal Area | QMD | CV (%)
(ft2/ac) (in.)

RW 45.0 16 16

DF 45.0 16 16

TO 10.0 10 10

Toul [ 1000 [T

Table 7. Input specifications for the high stocking redwood-Douglas-fir plots.

Species | Basal Area | QMD | CV (%)
(ft2/ac) (in.)

Rw 120.0 20 20

DF 120.0 20 20

TO 10.0 14 14

Toul | 7500 [

Yield streams were constructed using uncalibrated growth with full mortality enabled in both simulators.

Harvesting was simulated in CRYPTOS using the R2 option, which simulated a commercial thinning from

below to a residual basal area. Clearcuts also used the R2 option leaving 0.1 trees per acre. Harvests in
FVS were simulated using the THINBBA and THINSDI keywords for commercial thins and clearcuts,
respectively. An example yield stream from FVS is shown in Table 8.

Table 8. Example of a yield stream for the high-stocked mixed conifer forest type, site class 3.

On-Site Inventory (per acre) Harvest (per acre)
Off-site | Off-site
Basal |Avg. In-use | Landfill
No. |Area Diam. | Volume | Carbon Volume | Carbon | Carbon | Carbon
Decade|Activity Trees|(sq. ft.) |(in.) | (Bd.Ft.)|(tonnes)| WHR | (Bd.Ft.) | (tonnes) [ (tonnes) | (tonnes)
0 147.1) 257.6] 17.9| 36,307 96.8| SMC4D
1 |Thinto 150sqft/ac| 102.8| 160.2| 16.9| 29,376 68.4| SMC4AM 12,985 37.0 4.5 2.9
2 101.1] 179.3| 18.0f 35,502 79.6| SMC4M
3 Clearcut & Plant | 407.5 2 0.9 0 0.0 SMC1S 38,581 85.2 10.0 6.4
4 400.1 28.3 3.6 0 0.3| SMC2S
5 392.6 62.6 5.4 12 5.7| SMC2P
6 385.2| 106.7 7.1 944 21.6| SMC3D
7 377.9] 156.4 8.7 4,602 39.3| SMC3D
8 348.2| 200.8] 10.3| 12,256 56.9| SMC3D
9 308.9| 237.3] 11.9| 21,735 74.9| SMC4D
10 |Thinto 150sq ft/ac| 181.0 191.4| 13.9| 24,108 69.4| SMC4D 7,332 15.1 2.6 1.7

The following residual basal areas were used for the commercial thinning.

Mixed conifer site 3: 75 ft2/acre (rule minimum), 150 ft?/acre

Mixed conifer site |: 125 ft2/acre (rule minimum), 250 ft2/acre

Redwood/Douglas-fir site 3: 100 ft2/acre (rule minimum), 200 ft2/acre




e Redwood/Douglas-fir site I: 125 ft2/acre (rule minimum), 250 ft2/acre
e Ponderosa pine plantation site |: 100 ft2/acre (rule minimum)
e Douglas-fir plantation (coast and interior) site |: 125 ft2/acre (rule minimum)

The calculation of wood products pools (off-site) followed the protocols. A thousand cubic feet of
Douglas-fir sawlogs delivered to the mill will produce the following contributions to the in-use and
landfill pools.

1,000ft3><(26-77'b5)x( 0.51bs € )x( Lomne )x0.675 mill efficiency x 0.463 100-yr in-use=1.9 tonne C

ft3 1.0lbs biomass 2,204.6lbs

1,000ft3x(26-77'bs)><( 051bs € )x( Lonne )x0.675millefficiency><0.298100-yr landfill=1.2 tonne C

ft3 1.0lbs biomass 2,204.61bs

Using six board feet to the cubic foot for an approximate conversion, then about 6 MBF equals 1.9
tonnes C for in-use and 1.2 tonnes C in landfill storage. This assumes all of the wood is going to
softwood lumber. For this analysis a statewide average production of 92% softwood lumber, 7.6%
softwood plywood, and 0.4% miscellaneous products was used.

The harvest schedule used three different optimization functions. The following constraints were also
used to ensure logical and reasonable results.

I.  Sum of the acres for project activity equaled 1,000 acres.

2. Sum of the acres for the baseline equaled 1,000 acres.

3. Each period in a yield stream must have equal acres for the project activity and baseline.

4. On-site carbon in project activity and baseline greater than or equal to baseline and/or starting
stocks where applicable.

v

On-site baseline carbon greater than or equal to common practice where applicable.
6. On-site project activity carbon within 10% of ending target constraint when set.
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Figure |. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks are the common practice amount of 39 tonnes per acre. On-site CRTs are maximized.
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Figure 2. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of

project target carbon stocks are the common practice amount of 39 tonnes per acre. Off-site in-use CRTs are maximized.
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Figure 3. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks are the common practice amount of 39 tonnes per acre. Total on and off-site CRTs are maximized.
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Figure 4. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the common practice and starting stocks (27 tonnes per acre). On-site CRTs are maximized.
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Figure 5. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of

project target carbon stocks is between the common practice and starting stocks (27 tonnes per acre). Off-site In-use CRTs are maximized.
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Figure 6. One hundred year schedule for mixed conifer, low starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the common practice and starting stocks (27 tonnes per acre). Total on and off-site CRTs are maximized.
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Figure 7. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks are the common practice amount of 39 tonnes per acre, however that was infeasible so target was set at 100 t/a. On-site

CRTs are maximized.

B-7




B Baseline Stocks [ Froject Stocks B Baseline Avarage Onsite Carbon Carbon Yield {tonnes/acre) Schedule Info
7 200 Bagelne | Proj | Baseline |Proj| Bsseline  |Proj Description:
& Decade| Onaite] Avg | Orsite] 1 | Averl)] 10 | LF [Ava(LF)| LF MCLow Stocking=H
£ 1804 Initial | 15.4 |a7.8] 154 00| 00 |oolon o0 |00 ELE”‘“DD%CPME""
g 1 | 270 |e78| 154 00| oo |ooloo] oo Joe b o tie Einciion:
g 100+ || 2 [ 394 |ara] 154 [o.0] oo [os[oo] oo [os Mz InUlse CRTs
= 3 | 537 |ova| 154 (00 oo [1.2]on] oo |os Constraints:
§ 504 4 | Fo3 |a7.8| 230 [00] 00 |os|oo] o0 |o0s Ce=Start C
= 5 | 859 [67a] 433 [00] oo [oofonl oo oo
© o0 . : T T T . . T : 6 |10248]e7a] 603 (00 oo [o7|onl oo |o4
0 1 2 3 4 3 i 7 & a 107 T11as[ave] 730 Joo] oo [1a[on] oo Jos ggommon Prac. (¥a):
; & |1s62[e7a] 772 [00] oo [zofool oo (13
e |lnase|||e h-Use O Projecthi-Usge B Basele Lavami Dprqemamm|| Offsite Carbon ; R e i R e e 1,558) Target C (¥2);
o 10 | 1651 [67.8] 900 (00 oo [15/o0] oo 10
2 207
E Stahed Name:
g 1.5+ Mixed conifer, low
S stocking,
g' 1:05 even-aged
E 0.5+ CRTs (C tonnes/acre) Silviculture (acres)
a oo - - : : : : - : : On- [Off-] 10| LF [Carry Baseline Project
] 1 2 3 4 5 B T g q 10|Decade| site | site [Leak|Effect| Owver | Met || Grow | Thin [Clear] Grow | Thin | Clear
Iritial |-72.4[ 00| 00 00 | 00 [-724
BCRT(hety B Proj C (on-site) lejC[off-si‘tej| CRTs 1 |00]09]|02] 00 |-724]-713]1,0000] 00 | 00| 5720 | 00 |4250
@ 50 2 |oolos|oz2] o0 [713]Fo4|1oo00] oo | 00| 77o2 | oo (2205
2 3 |oo|12|o2] o0 [7o4] 6910000 00 | 00| 7664 | 00 (2316
g gl — == 4 |7s5|os|o2]| oo |-ss9|-604|1,0000] oo | o0 &s04 [ 0o [1196
g 5 |205|o0|00] o0 [604] 404 | 4504 [549.8] 00 (1000 oo | oo
] 6 |17.0]07| 01 ] o0 [401]-223) 4501 [549.8] 00 | 7556 [244.4] 00
c -504 7 |128|13| 03] o0 [223] 75 | 4501 [5499] 00 [ 5345 [465.2[ 0o
1) 6 |41 20|04 o0 | 78] 14 | 4501 [549.8] 00 [ 11956 [5504] 00
5-100 . . . . . . : . . . . 9 |77 |15|03] o0 [ 14] a1 | 4501 [549.8] 00 [ 1195 [6a04] 00
0 H 3 3 4 z g 7 3 g 10 10 | 5215|0353 o0 [ o0 | 7.0 || 4504 [540.9[ oo [ 1196 |ss04] oo
Patai Total | 2.2 [10.8] -2.2] 0.0 _400.0{ 670.1 [329.9] 0.0 | 564.9 [335.1[100.0

Figure 8. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks are the common practice amount of 39 tonnes per acre, however that was infeasible so target was set at 100 t/a. Off-site in-

use CRTs are maximized.
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Figure 9. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks are the common practice amount of 39 tonnes per acre, however that was infeasible so target was set at 100 t/a. Total off

and on-site CRTs are maximized.
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Figure 10. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of

project target carbon stocks are the between the common practice and starting stocks, however that was infeasible so target was set at 75 t/a.

CRTs are maximized.
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Figure 1 1. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of

project target carbon stocks are the between the common practice and starting stocks, however that was infeasible so target was set at 75 t/a. Off-site in-

use CRTs are maximized.
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Figure 12. One hundred year schedule for mixed conifer, low starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks are the between the common practice and starting stocks, however that was infeasible so target was set at 75 t/a. Total on

and off-site CRTs are maximized.
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Figure 13. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 96.8 t/a. On-site CRTs are maximized.

B-13




B Baseline Stocks [ Froject Stocks B Baseline Avarage Onsite Carbon Carbon Yield {tonnes/acre) Schedule Info
7 200 Bageline | Proj | Baseline [Proj| Bsseline  |Proj Description:
& Decade| Onsite] Avg |Onsite] 10 | Awgii] 10 |LF [avgFy LF | MeHishStockingSte
£ 1804 Initial | 960 [1410] 958 00| 00 |0o0lon] oo |op|  ooneFlthadnlise
D /——'__— 1 [17sl1410l 82 (00| 00 [108[00] 00 (70|  opjective Function:
£ 100+ 2 [1299[1410[ 105 |00l oo |oofoal oo Joo Maz Inlze CRT=
= 5 13571410 166 |00] 0.0 |o00|o0] 00 00|  GConstraints:
§ S04 4 [1408[1410] 311 |00] oo |oo|oo] oo |oo| BL©e=CommonP
= s (14561410l 473 |00 oo |oofoal oo [oo
© o0 : . T T T T . T T 6 [149.8[1410[ 650 [0.0] 00 [oofoal oo Joo
0 1 2 3 4 S B 7 & a 100 7 Tqisa7[1e10l a6 Joo] oo [oofonl oo Joo ggommon Prac. (¥a):
: g [1572[1#10[ 742 |oo] oo |27[0al oo [17
s B Bl h-Uge O Projecth-Use @ Barelie a0 Project Lavdnil Offsite Carbon T 16051 a4t ol a5 loal oo [oaloal oo los énéraé Target C (Fa)
© 10 [163.0[1410[ 871 [ool oo [1s5Jon] oo Jog
k]
ﬂ 104 Stahed Name:
£ Mixed conifer, high
E stocking,
g' 54 even-aged
E CRTs (C tonnes/acre) Silviculture (acres)
5 i} - - : : : : . : ; on- [Off-| U LF | Carry Bazeline Project
] 1 2 3 4 5 B T g q 10|Decade| =ite | site [Leak|Effect]| Cwer | Met | Grow [Thin| Clear| Growy | Thin [ Clear
initizl [-442[00]00] oo [ oo [-24.2
BCRT(Met) O Proj © (onesie) B Proj © (aff-sta) CRTs 1 |-876[108] 22 | 00 | -442 | 116710000 00| 00| 784 | 00 |5216
T a0 2 13 |ooflon] 00 [-187]-117g10000]00 ] 0.0 [10000f oo | oo
g 3 63 [00f o0 oo [-117s[-111a1oo00fo0 ] 00 [10000f oo | oo
i Ly 4 [14z]oo0loo] oo [-1114] 681 po0o]on] oo [10000f oo | oo
-~ s [162|oo0flon] o0 [-9s5] 5061 0000|000 0.0 [10000f oo | oo
s 6 (1177|0000 oo [-s06]-52af10o00fo0] 0.0 [10000f oo | oo
S 1004 7 [165|ooloo] oo [-62za]-454[1oo00fon] oo 1o000f oo oo
- g |-7a|lz27|os] o0 [-454]-so6[1oo0njo0] 00 784 [9216] 00
5_150 . . . : . . : . . . : 9 [102]oa[oz2] oo [-s06]-3951oo00fo0f 00 7a4 [3216] o0
0 q 3 3 4 s & g 10 10 |28 [15[03] oo [-395[-34al10o00fonf o0 7a4 (o216l oo
Debadic Total [-53.8[15.8] -3.2| 0.0 -§03.0{1,000.0| 0.0 | 0.0 | 631.4 [276.5] 92.2

Figure 14. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 96.8 t/a. Off-site in-use CRTs are maximized.
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Figure 15. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 96.8 t/a. Total on and off-site CRTs are maximized.
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Figure 16. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of

project target carbon stocks is between the starting stocks and common practice (68 t/a). On-site CRTs are maximized.
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Figure 17. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the starting stocks and common practice (68 t/a). Off-site in-use CRTs are maximized.
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Figure 18. One hundred year schedule for mixed conifer, high starting stocks, site 3 carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the starting stocks and common practice (68 t/a). Total on and off-site CRTs are maximized.
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Figure 19. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 97 t/a. On-site CRTs are maximized.
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Figure 20. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 97 t/a. Off-site in-use CRTs are maximized.
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Figure 21. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks is the starting stocks (+/- 10%) at 97 t/a. Total on and off-site CRTs are maximized.
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Figure 22. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of

project target carbon stocks is between the starting stocks and common practice (68 t/a). On-site CRTs are maximized.
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Figure 23. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the starting stocks and common practice (68 t/a). Off-site in-use CRTs are maximized.
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Figure 24. One hundred year schedule for mixed conifer, high starting stocks, site | carbon project with baseline and project activity estimates. End of
project target carbon stocks is between the starting stocks and common practice (68 t/a). On and off-site CRTs are maximized.

B-24




B Baseline Stocks [ Froject Stocks B Baseline Avarage Onsite Carbon Carbon Yield {tonnes/acre) Schedule Info
Iy 100 Bazeline | Proj | Baseline [Proj| Baseline  [Proj Description.
E i Decade| Onaite] Avg | Onsite] 1 | Averl)] 10 | LF [Ava(LF)| LF %Ehz%ﬁ;ﬁ;‘;ﬂ
] Intial | 50.3 [S03[ 0.3 |00 13 |oofoo] o0& o0 e
E 2 5003 (503 F92 |13 13 |0G|09] 05 |04 Maz: Onsite CRTs
& 3 | 503 [503] 792 [14] 13 [16]09] 08 |10 Constraints:
S 2 4 | 503503 792 [14] 13 [16[08] 08 [10 CenstanC
= 5 5003 (503 F92 |15 13 |16(09] 05 |10
© o0 T T T T T T T T T & s0.3 |s03] 7e2 [13] 13 [17|og8] o8 |14
0 1 2 3 4 3 i 7 & a o7 s0.3 [s03] 792 [1a] 13 [17[oal o0& 14 %Szommon Prac. (¥a):
: 5] S0.3 (503 F92 |15 13 17|08 05 |14
s B Baelne -Use O Projectii-Uze O Bacelhe Ll O P roject Laydmi Offsite Carbon = e ;.’?ﬁra"l' Target C (¥a):
T 10 | s03 [s03 792 3] 13 [17|osl o8 [14
=
2 151
H Stahed Name:
E RedwoodDouglas-
g 1.09 fir, low stocking,
g' even-aged
E - CRTs (C tonnes/acre) Silviculture (acres)
a oo . = = = = = = = = On-[Off-] I | LF [Carry Baseline Project
u] 1 2 3 4 5 E 7 i 9 10{Decade| site | site | Leak| Effect| Cwver | Met Grow | Thin [ Clear | Grow | Thin | Clear
Inttisl |00|00| 00| 0.0 | 00 {00
BCRT(het) B Proj C fonsite) B Proj C Coff-she) CRTs 1 [i7E|-13| 03] 08| 0.0 [157] [117.6|7006]1728)1 0000 00 | 00
E‘ 20 2 11307 01 (-04 ] 00 103 262.2|6145105.0{ 105 | 00 [ 592
ERTE 3 |oo|o3|o1| 00| o003 3755|507 5|1166] 8258 | 00 [174.2
@ 4 |oo|oa|o1| o0 | o003 481.0]391 4|1276] 8629 | 00 [137.41
E 104 \ 5 pofos|01] 00 |00 )03 3557|5462 950 | 4766 |436.7[ 867
g = \\ 6 |oo|o3|o1| 00|00 o4 358.9)539.9]101.2| 563.3 [358.0] 785
£ 7 |oo|o4|o1| 00| o004 3520|504.4| 527 | 6420 (271 6| 86.3
_E a4 5] pofo4)041] 00 |00 )04 2624|6400 7Y.7 [ Y254 |1755[ 954
'5 5 . : : . . : . . . : . 9 |oo|oa|o1| 00|00 o4 265.3]6626] 721 | 7326 [174.3] 934
0 1 9 3 4 s & 7 g g 10 10 |o0fo3|[o01 | 00| 00|04 2266|7059 64.3 | 6515 [263.3] 854
Patai Total [28.9[0.5] 0.9] 1.3 201 [309.9]591.5 98.6 [ 739.4 [168.2 92.4

Figure 25. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are the common practice amount of 72 tonnes per acre. On-site CRTs are maximized.
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Figure 26. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are the common practice amount of 72 tonnes per acre. Off-site in-use CRTs are maximized.
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Figure 27. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are the common practice amount of 72 tonnes per acre. Total on and off-site CRTs are maximized.
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Figure 28. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (59 tonnes per acre). On-site CRTs are maximized.
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Figure 29. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (59 tonnes per acre). Off-site in-use CRTs are maximized.
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Figure 30. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (59 tonnes per acre). Total on and off-site CRTs are
maximized.
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Figure 31. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site | carbon project with baseline and project activity estimates. End
of project target carbon stocks are the common practice amount (72 tonnes per acre). On-site CRTs are maximized.
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Figure 32. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (59 tonnes per acre). Off-site in-use CRTs are maximized.
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Figure 33. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site 3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (59 tonnes per acre). On and off-site CRTs are maximized.
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Figure 34. One hundred year schedule for redwood/Douglas-fir, low starting stocks, sitel carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (65 tonnes per acre). On-site CRTs are maximized.
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Figure 35. One hundred year schedule for redwood/Douglas-fir, low starting stocks, sitel carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (65 tonnes per acre). Off-site in-use CRTs are maximized.
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Figure 36. One hundred year schedule for redwood/Douglas-fir, low starting stocks, sitel carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice amount (65 tonnes per acre). On and off-site CRTs are maximized.
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Figure 37. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site 3 carbon project with baseline and project activity estimates.
End of project target carbon stocks are the starting stocks (+/- 10%) at 133 tonnes per acre. On-site CRTs are maximized.
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Figure 38. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site 3 carbon project with baseline and project activity estimates.
End of project target carbon stocks are the starting stocks (+/- 10%) at 133 tonnes per acre. Off-site in-use CRTs are maximized.
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Figure 39. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are the starting stocks (+/- 10%) at 133 tonnes per acre. Total on and off-site CRTs are maximized.
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Figure 40. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site3 carbon project with baseline and project activity estimates. End

of project target carbon stocks are between the starting stocks and common practice (72 t/a) at 103 tonnes per acre. On-site CRTs are maximized.
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Figure 41. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice (72 t/a) at 103 tonnes per acre. Off-site in-use CRTs are maximized.
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Figure 42. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site3 carbon project with baseline and project activity estimates. End
of project target carbon stocks are between the starting stocks and common practice (72 t/a) at 103 tonnes per acre. On and off-site CRTs are
maximized.
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Figure 43. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are at the starting stocks (+/- 10%) at 133 tonnes per acre. On-site CRTs are maximized.
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Figure 44. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are at the starting stocks (+/- 10%) at 133 tonnes per acre. Off-site in-use CRTs are maximized.
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Figure 45. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are at the starting stocks (+/- 10%) at 133 tonnes per acre. On and off-site CRTs are maximized.
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Figure 46. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are between the starting stocks and common practice at 103 tonnes per acre. On-site CRTs are maximized.
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Figure 47. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are between the starting stocks and common practice at 103 tonnes per acre. On and off-site CRTs are maximized.
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Figure 48. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site | carbon project with baseline and project activity estimates.
End of project target carbon stocks are between the starting stocks and common practice at 103 tonnes per acre. Total on and off-site CRTs are

maximized.
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Figure 49. One hundred year schedule for mixed conifer with opportunity to convert to highly productive ponderosa pine plantations, low starting stocks,
carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of common practice at 39 tonnes per acre.

Total on and off-site CRTs are maximized.
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Figure 50. One hundred year schedule for mixed conifer with opportunity to convert to highly productive ponderosa pine plantations, high starting stocks,
carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of starting stocks at 96.8 tonnes per acre.

Total on and off-site CRTs are maximized.
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Figure 51. One hundred year schedule for mixed conifer with opportunity to convert to highly productive Douglas-fir plantations, low starting stocks,
carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of common practice at 39 tonnes per acre.
Total on and off-site CRTs are maximized.
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Figure 52. One hundred year schedule for mixed conifer with opportunity to convert to highly productive Douglas-fir plantations, high starting stocks,

carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of starting stocks at 96.8 tonnes per acre.

Total on and off-site CRTs are maximized.
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Figure 53. One hundred year schedule for redwood/Douglas-fir with opportunity to convert to highly productive Douglas-fir plantations, low starting
stocks, carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of common practice at 72 tonnes

per acre. Total on and off-site CRTs are maximized.
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Figure 54. One hundred year schedule for redwood/Douglas-fir with opportunity to convert to highly productive Douglas-fir plantations, high starting
stocks, carbon project with baseline and project activity estimates. End of project target carbon stocks are within 10% of starting stocks at 133 tonnes

per acre. Total on and off-site CRTs are maximized.
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