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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. 
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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 I and medium site III. 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: 

o Northern California Coast, Redwood: 72 tonnes/acre live tree carbon 
o 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. 

• Grow only, no harvests 
• Thin every decade (two levels of residual stocking) 
• 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. 

1. 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. 
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3. Maximize the 100-year total on and off-site in-use carbon difference between the project activity 
and the average baseline. This combines 1 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 1. 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: 

• 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.  

• 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 (B1 – 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 1. 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 11.0 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%.  
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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 1. Results of project schedules for analyzing the impacts of wood products on CRTs. NF 
means Not Feasible. 

 

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 1.1 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. 

 

Forest Type
Initial 

Stocking
Site 
Class Ending Inventory

On‐
Site

Off‐
Site Total

On‐Site 
(t/a)

Off‐Site 
(t/a)

Total 
(t/a)

On‐Site 
(t/a)

Off‐Site 
(t/a)

Total 
(t/a)

On‐Site 
(t/a)

Off‐Site 
(t/a)

Total 
(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 Initial and 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 62.3 2.2 10.8 15.1 73.2 ‐7.3 62.3
mixed conifer Low 1 Between Initial and 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 Initial and 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 Initial and 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 Between Initial and CP 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 Between Initial and 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 Initial and 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 Between Initial and CP 20 NA 20 35.7 4.1 40.1 NF NF NF 35.7 4.3 40.4

On‐site C
Objective to Maximize

Off‐site, In‐use C Total C
Project Length 

(years)

Initial Forest Type Plantation Type
Initial 

Stocking

Project 
Length 
(years)

On‐Site 
(t/a)

Off‐Site 
(t/a)

Total 
(t/a)

On‐Site 
(t/a)

Off‐Site 
(t/a)

Total 
(t/a)

Increase 
(%)

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%

Standard Silviculture High‐Yield Plantation 
Resulting CRTs
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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 “MCLowStockingSite1End100%CPMaxTotal”, which means the following: 

• MC = mixed conifer forest type 
• LowStocking = initial inventory is below the common practice mean given by the CAR Protocol 

(39 tonnes/acre C) 
• Site1 = site class one, the highest and most productive of five site classes 
• End100%CP = schedule is constrained to end at 100% of the common practice figure (39) 
• 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. 
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Conclusions 
The research questions that initiated this study are listed below with answers. 

1) 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. 
 

2) 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. 
 

3) 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.  
 

4) 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. 
 

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

References 
Biging, G. S., T. Robards, E. C. Turnblom, and P. C. Van Deusen. 1994. The predictive models and 

procedures used in the forest stand generator (STAG). Hilgardia 61:36. 
CAR. 2009. Forest Project Protocol, Version 3.1. Climate Action Reserve, Los Angeles. 
Dixon, G. E. 1994. Western Sierra Nevada Prognosis geographic variant of the Forest Vegetation 

Simulator. Timber Management Service Center, Fort Collins, CO. 
FIA. 2009a. Regional biomass equations used by FIA to estimate bole, bark and branches (dated 13 May 2009). 

USDA Forest Service, Pacific Northwest Research Station. 
FIA. 2009b. Volume estimation for the PNW-FIA Integrated Database (dated 13 May 2009). USDA Forest 

Service, Pacific Northwest Research Station. 
GIPALS. 2010. General Interior-Point Algorithm Linear Solver. Optimalon Software. 
R. 2010. R Statistical Package. The R foundation for statistical computing. 
Wensel, L. C., B. Krumland, and W. J. Meerschaert. 1987. CRYTPOS user's guide: cooperative redwood 

yield project timber output simulator. Bulletin 1924, University of California, Agricultural 
Experiment Station. 

 
 

  



9 
 

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 

Code 
Forest Type 

ponderosa pine 
(pacific) 

Pinus ponderosa benthamiana PP Sierra Mixed Conifer 

sugar pine Pinus lambertiana SP Sierra Mixed Conifer 

incense-cedar Calocedrus decurrens IC Sierra Mixed Conifer 

Douglas-fir  

(coast) 

Pseudotsuga menziesii menziesii DF Sierra Mixed Conifer, 
Coast Redwood/Douglas-

fir 

white fir  

(Sierra Nevada) 

Abies concolor lowiana WF Sierra Mixed Conifer 

California black 
oak 

Quercus kelloggii BO Sierra Mixed Conifer 

coast redwood Sequoia sempervirens  RW 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 
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plots, is shown in Figure 1. 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 

(ft2/ac) 
QMD 
(in.) 

CV (%) 

PP 12.5 16 16 
SP 2.5 18 18 
IC 7.5 14 14 
DF 10.0 14 14 
WF 12.5 12 12 
BO 5.0 8 8 
Total 50.0   
 

 
Figure 1. Diameter distribution, by species, of even-aged mixed conifer stand. 

 

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

(ft2/ac) 
QMD 
(in.) 

CV (%) 

PP 62.5 22 22 
SP 12.5 24 24 
IC 37.5 20 20 
DF 50.0 18 18 
WF 62.5 16 16 
BO 25.0 12 12 
Total 250.0   
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Table 6. Input specifications for the low stocking redwood/Douglas-fir plots. 
Species Basal Area 

(ft2/ac) 
QMD 
(in.) 

CV (%) 

RW 45.0 16 16 
DF 45.0 16 16 
TO 10.0 10 10 
Total 100.0   
 

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

(ft2/ac) 
QMD 
(in.) 

CV (%) 

RW 120.0 20 20 
DF 120.0 20 20 
TO 10.0 14 14 
Total 250.0   
 

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. 

 

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

• Mixed conifer site 3: 75 ft2/acre (rule minimum), 150 ft2/acre 
• Mixed conifer site 1: 125 ft2/acre (rule minimum), 250 ft2/acre 
• Redwood/Douglas-fir site 3: 100 ft2/acre (rule minimum), 200 ft2/acre 

Decade Activity
No. 
Trees

Basal 
Area 
(sq. ft.)

Avg. 
Diam. 
(in.)

Volume 
(Bd. Ft.)

Carbon 
(tonnes) WHR

Volume 
(Bd. Ft.)

Carbon 
(tonnes)

Off‐site 
In‐use 
Carbon 
(tonnes)

Off‐site 
Landfill 
Carbon 
(tonnes)

0 147.1 257.6 17.9 36,307 96.8 SMC4D
1 Thin to 150 sq ft/ac 102.8 160.2 16.9 29,376 68.4 SMC4M 12,985 37.0 4.5 2.9
2 101.1 179.3 18.0 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 Thin to 150 sq ft/ac 181.0 191.4 13.9 24,108 69.4 SMC4D 7,332 15.1 2.6 1.7

On‐Site Inventory (per acre) Harvest (per acre)



12 
 

• Redwood/Douglas-fir site 1: 125 ft2/acre (rule minimum), 250 ft2/acre 
• Ponderosa pine plantation site 1: 100 ft2/acre (rule minimum) 
• Douglas-fir plantation (coast and interior) site 1: 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. 

( ) ( ) ( )3
0.5 C 13 26.77

1.0 biomass 2,204.61,000 0.675 mill efficiency 0.463100-yr in-use=1.9 tonne Clbs tonnelbs
lbs lbsft

ft × × × × ×

( ) ( ) ( )3
0.5 C 13 26.77

1.0 biomass 2,204.61,000 0.675 mill efficiency 0.298 100-yr landfill=1.2 tonne Clbs tonnelbs
lbs lbsft

ft × × × × ×

 

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. 

1. 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. 
5. 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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Appendix B: Project Schedules 
 

 

Figure 1. 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 1 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. 
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Figure 8. One hundred year schedule for mixed conifer, low starting stocks, site 1 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 1 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 1 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.  On-site 
CRTs are maximized. 
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Figure 11. One hundred year schedule for mixed conifer, low starting stocks, site 1 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 1 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. 
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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. 

  



B-19 
 

 

Figure 19. One hundred year schedule for mixed conifer, high starting stocks, site 1 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 1 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 1 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 1 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 1 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 1 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. 
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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. 

  



B-30 
 

 

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 1 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, site1 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, site1 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. 

  



B-36 
 

 

Figure 36. One hundred year schedule for redwood/Douglas-fir, low starting stocks, site1 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. 

  



B-38 
 

 

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. 

 

  



B-43 
 

 

Figure 43. One hundred year schedule for redwood/Douglas-fir, high starting stocks, site 1 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 1 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 1 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 1 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 1 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 1 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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