


to maximize the sustainable harvest of material, we hypothesize that the smaller green-up 
constraint requires more of the transportation network to be accessible for trucks, rather 
than being placed in a state that minimizes sediment production and delivery.   

2. The Objective and Scope: 

The objective and Scope will demonstrate the impact of the maximum opening size 
constraint on the ecological process in working forests. The Scope will be to demonstrate 
the impact of the maximum opening size on the miles of road required to be open to 
support management, as well as the impact of the rule on the fragmentation of mature, 
closed-canopy forests. The planning period will be 30 years.    

The results will demonstrate the impact of various opening size constraints on the miles of 
open roads when harvested at a sustained yield rate, which contributes sediment at a 
higher rate than a closed road. Finally, the model will illustrate the fragmentation of the 
closed canopy forest resulting from the dispersed cutting pattern.    

Data sets will be obtained from organizations in the northern and coastal zones to 
demonstrate their geographic applicability throughout California.   

3. Critical Question: 

Is the dispersed harvesting pattern forced by the maximum opening size constraint and the 
minimum harvesting age? Does the result of this dispersed cutting pattern result in more 
miles of open roads and defragmenting the forest more rapidly than if large maximum 
opening sizes were used? Are more miles of roads required to be open to support the 
distributed harvesting pattern, which can lead to increased chronic sedimentation from 
forest roads?    

The second question is: What are the economic impacts of such a constraint? Economic 
returns will be modeled using discounted net revenue and volume flow under the various 
opening sizes applied in the model.  

4. Forest Practice Rules and Regulations: 

California Forest Practice Rules 913.1, 933.1, 953.1,(a)(2): The regeneration harvest of 
even-aged management shall be limited to 20 acres for tractor Yarding. Aerial or Cable 
Yarding may cover up to 30 acres. Tractor Yarding may be increased to 30 acres where the 
EHR is low and the slopes are < 30%. The RPF may propose increasing these acreage limits 
to a maximum of 40 acres, and the Director may agree where measures contained in the 
THP provide substantial evidence that the increased acreage limit does any one of the 
following: 



The following types of regeneration methods are designed to replace a harvestable stand 
with well-spaced growing trees of commercial species. Evenaged management systems 
shall be applied with the limitations described by this rule:  

(a) Timber stands harvested under an even-aged regeneration method shall meet the 
following standards:  

(1) Where a regeneration step harvest of evenaged management will occur on 
stands younger than 50 years of age for Class I lands, 60 years of age for Class II and III 
lands, or 80 years of age for Class IV and V lands, or equivalent age of trees, based on 
height as determined according to the appropriate site class, the RPF preparing the THP or 
SYP must demonstrate how the proposed harvest will achieve MSP under 14 CCR § 913.11 
[933.11, 953.11](a) or (b) provided, however, that the Director may grant an exemption from 
this section based upon hardship. 

(2) The regeneration harvest of evenaged management shall be limited to 20 acres 
for tractor Yarding. Aerial or Cable Yarding may cover up to 30 acres. Tractor Yarding may be 
increased to 30 acres where the EHR is low and the slopes are < 30%. The RPF may 
propose increasing these acreage limits to a maximum of 40 acres, and the Director may 
agree where measures contained in the THP provide substantial evidence that the 
increased acreage limit does any one of the following: 

A) by using additional on-site mitigation measures, reduces the overall detrimental 
effects of erosion, thereby providing better protection of soil, water, fish, and/or wildlife 
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(B) provides for the inclusion of "long corners"; or 

(C) create a more natural logging unit by taking maximum advantage of the 
topography; or  

(D) will increase long-term sustained yield; or  

(E) Provide feasible off-site mitigation measures that can be incorporated into the 
plan to restore or enhance previously impacted resource areas or other environmental 
enhancements, resulting in demonstrable net environmental benefits within the planning 
watershed. These measures may include, but are not limited to, Watercourse restoration, 
soil stabilization, road surface stabilization, road out-sloping, road Abandonment, road 
reconstruction, enhancement of wildlife habitats, and vegetation management. To qualify 
for an exemption, the plan submitter is not required to demonstrate that other feasible 
options are not available.  



(3) Even-aged regeneration units within an ownership shall be separated by a logical logging 
unit that is at least as large as the area being harvested or 20 acres, whichever is less, and 
shall be separated by at least 300 ft. in all directions. (4) Within ownership boundaries, no 
logical logging unit contiguous to an evenaged management unit may be harvested using 
an evenaged regeneration method unless the following are met:  

(A) [Coast] The prior evenaged regeneration unit has an approved report of stocking, 
and the dominant and codominant trees average at least five years of age or average at 
least five ft. tall and three years of age from the time of establishment on the site, either by 
the planting or by natural regeneration. Suppose these standards are to be met with trees 
that were present at the time of the harvest. In that case, there shall be not less than five 
years following the completion of operations before adjacent evenaged management may 
occur. 

 (A) [Northern and Southern] The prior evenaged regeneration unit has an approved 
report of stocking, and the dominant and codominant trees average at least five feet tall, or 
at least five years of age from the time of establishment on the site, either by the planting or 
by natural regeneration. Suppose these standards are to be met with trees that were 
present at the time of the harvest. In that case, there shall be not less than five years 
following the completion of operations before adjacent evenaged management may occur. 

5. Research Methods 

This project aims to utilize a spatial harvest scheduling model with varying adjacency 
constraints, ranging from 20 to 120 acres in 10-acre increments. The model will be 
deployed on various spatial data sets provided by companies throughout California.   The 
model will analytically vary the size of the adjacency constraint and determine how many 
additional miles of roads must be open to support the harvesting. A vehicle routing model 
will be incorporated into the harvest scheduling algorithm to determine the most efficient 
route for log delivery. In addition to the length of open roads required, the model will 
estimate the impact of the various maximum opening sizes. It will determine the area in 
mature, closed-canopy forests and the fragmentation of these forests by measuring the 
edge length between mature and closed-canopy areas.  

Meta-heuristics have been used to solve spatial harvest scheduling algorithms for over 25 
years and have found solutions to large, nonlinear combinatorial problems that cannot be 
solved exactly within 5% of the optimal solution. The algorithm combines multiple heuristic 
techniques, such as simulated annealing, tabu search, and genetic algorithms, to solve 
this challenging class of problems (Boston and Bettinger, 1999, 2002).  



Analysis of the data will include both tabular and spatial analysis, utilizing the results from 
the heuristic optimization procedure. It will compute the degree of fragmentation found in 
the forest for closed-canopy forests. Additionally, the miles of road open in each period of 
the harvest scheduling will be tracked. The economic impacts will be measured using both 
volume and discounted net revenue, with local prices displayed. The goal is to provide 
policymakers with a comprehensive view of the economic and environmental impacts of 
the policy under the maximum opening size constraint. 

The algorithm will be developed using the “C” language and will be publicly available 
following completion of the project.     

6. Collaboration and Project Feasibility 

Dr. Kevin Boston will be the principle investigator and is responsible for project oversight. 

He is a Registered Professional Forester in California with over 40 years of experience. He 
has specialized in developing and testing spatial harvest scheduling algorithms with 
embedded transportation networks for over 30 years and has published extensively in this 
area. 

7. Project Deliverables  
 
1.  Validate the harvest scheduling algorithm. 
2. Completion of analysis for coastal area describing the impact of opening size, 

length of opening, miles of road, and fragmentation measures for a range of 
opening sizes from 20 to 60 acres with a length of restriction from two to 10 
years. Minimum harvest ages will vary from no requirement to 100 years. 
Delivered June 2026 

3. Completion of analysis for coastal area describing the impact of opening size, 
length of opening, miles of road, and fragmentation measures for a range of 
opening sizes from 20 to 60 acres with a length of restriction from two to 10 
years. Minimum harvest ages will vary from no requirement to 100 years.   
Delivered June 2027 

4. Prepare the Manuscript for submission to a leading forestry journal.  
 

8. Detailed Project Timeline 
 

Task Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 
Validate data 
from 
cooperators 

X        
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