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Overview 
The Rogue Basin Comprehensive Restoration Strategy (RBS) covers approximately 4.7 million acres of 

Southwestern Oregon and Northwestern California. Seven objectives have been defined for the project, 

each attributed to a wall-to-wall fishnet of 27 acre cells, or “Assessment Units” (AUs). Ten Forest Service 

Ranger Districts or BLM Resource Areas have significant acreage across the basin, each of which requires 

proportional representation in the prioritization. This complexity precludes simple inspection by experts 

to arrive at an efficient prioritization. To deal with this complexity, we used the reserve design 

optimization algorithm MARXAN (Ball and Possingham 2000).  

This report should be seen as an appendix to the broader report of August, 2015 – Rogue Basin Cohesive 

Forest Restoration Strategy: A Collaborative Vision for Resilient Landscapes and Fire Adapted 

Communities v.1 

 

MARXAN Background 
MARXAN is widely accepted as an appropriate tool for landscape scale prioritization and optimization 

problems. MARXAN (and its predecessors SPEXAN and SITES) has been used for a variety of terrestrial 

and marine conservation assessments around the world (Beck and Odaya 2001, Andelman and Willig 

2002, Noss et al. 2002, Lawler et al. 2003, Leslie et al. 2003, Carroll et al. 2003).  

Prioritization analyses balance the trade-off between resource values and costs to arrive at efficient 

solutions that satisfy goals (Possingham et al. 2000, Cabeza and Moilanen 2001). The MARXAN site 

selection optimization algorithm searches for the lowest “cost” set solution that will meet “goals” for all 

“targets”. “Target” refers to the entities that MARXAN is attempting to capture in the solutions. “Goal” 

refers to the desired proportion, or total abundance, of each target represented in the solutions. “Cost” 

refers to any set of economic, social and environmental uses and protections that are present in a 

particular geography that might be considered during planning (e.g., yarding method to extract 

commercial timber, fuel treatment costs, or simply the area of the solution). The cost aspect of a 

MARXAN solution also includes any unmet goals such that the optimal solution acts to balance cost with 

a penalty for not meeting conservation goals.  

MARXAN finds reasonably efficient solutions to prioritization problems (Possingham et al. 2000, 

McDonnell et al. 2002) by minimizing the “Objective Function”, or the sum of:     

 The total cost for all selected AUs,  

 Species penalty factor, which is the penalty for not meeting stated goal levels,  

 Length of the outer perimeter of the solution set (“Boundary Length”, which correlates with 

fragmentation). 

MARXAN requires that all data be attributed to AUs as they are the basic units of analysis for the 

optimization algorithm. The MARXAN algorithm begins by selecting a random set of AUs, i.e., a random 

solution. The algorithm then iteratively explores improvements to this initial solution, as measured by 

the value of the Objective Function, by randomly adding or removing AUs. The solution at each iteration 
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is compared with the prior solution, and the iteration with the lower Objective Function value is 

accepted. This process repeats for the user-specified number of iterations. The algorithm uses a method 

called simulated annealing (Kirkpatrick et al. 1983) to search for optimal solutions, thus greatly 

increasing the chances of converging on a highly efficient solution.  

In general terms, MARXAN works to minimize the overall footprint of selected assessment units while 

meeting user-defined goals. In any MARXAN scenario, a small proportion of AUs are irreplaceable, either 

because they have targets found nowhere else, or they are exceptionally rich with targets. MARXAN 

cannot meet goals without these AUs.  Another subset contains very few or no targets, and are never 

required to meet goals. The vast majority of AUs however, can make some contribution towards goals 

and many combinations of these can provide similar amounts of targets. The exploration of this latter 

subset is MARXAN’s primary function.  By varying the importance of cost versus boundary length in the 

Objective Function, the relative worth of these AUs can change. 

The following terms are used throughout the rest of this document: 

 Each MARXAN Scenario uses a single suitability index, a set of goals for each “Target”, and is 

comprised of a specified number of “Runs” at a specific Boundary Modifier value. 

 Each “Run” is composed of a large number of “iterations”; many potential solutions (often, 

millions of solutions) that Marxan scores for their “Objective Function”. 

 The best scoring iteration for each “Run” is saved to memory as a “Best iteration”. 

 The best scoring “Best iteration” across all Runs is the “Best Solution”. 

 The number of runs each assessment unit was selected as part of a “Best iteration” is saved as 

the “Sum Solution”.  

 
MARXAN has additional features which allow planners to further customize scenario outputs. Those 

include: 

Status – Each AU can be assigned to one of four status categories: Status = ‘0’, the AU is available for 

selection in any iteration; Status = ‘1’, the AU will be included in the initial ‘seed’ selection, but may or 

may not be in the final solution; Status = ‘2’, the AU is locked into the solution and cannot be removed; 

and ‘Status’ = 3, the AU is locked out of any solution and cannot be included. For this analysis, all AUs 

beyond the treatable and accessible lands relevant to each scenario were locked out (Status = ‘3’), with 

the remaining AUs available for selection (Status = 0). 

Optimization Method – There are three principal solution optimization methods in MARXAN, including 

heuristics, simulated annealing and iterative improvement. These can be combined in six ways. 

Simulated annealing is the optimization method that works best with MARXAN’s Objective Function. 

This allows MARXAN to accept outputs which result in greater values of the Objective Function (i.e. “bad 

moves”) to avoid getting stuck in a local minimum (a low value in the distribution relative to neighboring 

values). In our scenarios, we set the number of iterations and temperature decreases, then allowed the 
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program to set its own annealing schedule (adaptive annealing). We followed this with iterative 

improvement to ensure each final solution would be a local minimum.  

Cost Threshold – MARXAN allows the user to specify a limit on the cost of a solution. If a solution 

exceeds the threshold, a penalty is applied to the solution making the solution less likely to be selected 

as the best solution.  This functionality was not needed in this analysis.  

 

Parameterization of the MARXAN Model 
The numeric value of the Objective Function is largely a dynamic tension between the costs and the 

boundary length of the solution. If either factor is weighted too heavily, it will dominate the value of the 

Objective Function. The geometries of AUs can also greatly influence the outputs. Hexagons and regular 

grids, for example, cluster much more easily than irregular polygons. The MARXAN Good Practices 

Handbook (Ardron et al. 2008) describes MARXAN solutions as “feasible” or “unfeasible”, depending on 

how well the various factors in the Objective Function are balanced against each other. Poorly 

parameterized solutions can lead to outputs with little real world relevance. Therefore, several test 

scenarios were performed to ensure that the MARXAN would provide ‘feasible’ prioritization results 

across the RBS extent.  

Parameterization of a MARXAN scenario is typically performed by first establishing the range of cost 

values, then incrementally evaluating the influence of other model parameters (number of iterations, 

boundary modifier level, species penalty factor) by running multiple model scenarios. During each 

optimization scenario, only one parameter is altered at a time to allow the effect of that change to be 

noted.  

As described on page 10, the sheer number of assessment units across the entire RBS extent exceeds 

MARXAN’s capabilities. Our tests were therefore performed on the subset of AUs identified as ‘Analysis 

Block 6’, one of eight Analysis Blocks used throughout this assessment.  

Our first test was to establish the number of iterations per run. As the complexity of a MARXAN problem 

increases, more iterations are required to converge on near-optimal solutions. The number of iterations 

must be large enough to allow MARXAN to sample a large proportion of the potential solution space. As 

that sampling proportion increases, variability in the outputs decreases. Establishing and using the 

appropriate number of iterations per run is therefore far more important than the number of runs one 

chooses per scenario.  The number of targets in this analysis was not particularly large, but the small size 

of the AUs created a great number of AU x target combinations, vastly increasing the complexity of the 

problem. It is computationally impossible to test every combination of the 168,651 AUs in our problem 

set. However if the number of iterations is set appropriately, the output variability will decrease as 

MARXAN converges towards a finite set of near-optimal solutions. 
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We ran 6 scenarios of 10 runs each to establish the appropriate number of iterations. Each successive 

run doubled the number of iterations, beginning with 10 million and ending with 320 million. The range 

of ‘score’ values for each scenario indicated the degree of variability in the outputs. Based upon these 

results, we determined the range of iterations for feasible solutions ran from ~ 160 million to 320 

million. The actual value we used for analysis was 250 million iterations per run.  

The next test was designed to select an appropriate value for the boundary length modifier (BLM), the 

algebraic multiplier applied in the Objective Function to the total perimeter of a solution. As the BLM 

increases, the influence of the solution perimeter on the Objective Function increases, favoring solutions 

with less fragmentation.  

 

Figure 2: Effect of the Boundary Length Modifier.  Both of these selections of AUs cover the same area. The 

right hand grouping was generated with a very low BLM and has a perimeter more than twice as long as the left 

grouping. As the value of the BLM increases, the effect upon the overall MARXAN Objective Function also 

increases, resulting in “clumpier” solutions.  
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Typically, a solution with some degree of clumping is desired because the ecological value of an AU is, in 

part, a function of its neighborhood.  At increasingly large values of BLM, other factors in the Objective 

Function have less influence on the solutions. Consequently, ‘Best’ solutions generated with high BLMs 

can be comprised of just a few large clusters. Alternatively, at very low BLM levels, solutions can be 

generated that may be too fragmented to allow effective management or to provide the ecological 

benefits of contiguous blocks of habitat.   

 

 

In addition to the mathematical ‘feasibility’ of a solution, the effects on the spatial distributions of 

solutions at varying BLM values should also be explored against project goals.   

BLM test outputs were mapped for 3 of these solutions; BLM = 0 (for comparison purposes only), BLM = 

0.1 and BLM = 0.2. After review, RBS team members suggested that lower values of BLM would be 

acceptable as fuel treatments are often planned for small areas, and treatments of 27 acres can further 

project goals. Therefore, all subsequent analysis utilized a BLM of 0.1.  
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After the number of iterations and BLM values were established, we ran several scenarios to test various 

levels of the species penalty factor (SPF). SPF is the penalty assigned to a solution which does not meet 

specified conservation goals.  In this analysis, all goals were met in all scenarios, regardless of SPF values. 

As goal levels for our targets were set well below their potential maximum values, MARXAN was never 

required to penalize itself for not meeting target goals. SPF was therefore set at a moderate level of 100 

across the board.  

One hundred replicate runs, composed of 250 million iterations each, were performed for all 

subsequent scenarios.  Therefore, 25 billion iterations of the MARXAN algorithm were used to arrive at 

each final solution. The boundary modifier was set to 0.1 for all scenarios. 

 

Suitability, or “Cost” Index 
The parameterization for the MARXAN scenarios was completed before the RBS team could finalize the 

cost index. Heretofore we had used a subset of cost factors, standardized from 0 – 1000, as the basis of 

our parameterization work. Additional factors, and modified weightings for each, were used by the RBS 

team to craft the final index.  

The cost index accounts for the relative cost of treatments, assuming timber receipts help offset 

treatment costs. The index accounts for the presence/absence of commercial (>10 inches DBH) or 

noncommercial material (<10 inches diameter at breast height; DBH) to be removed, potential yarding 

system for removing commercial material (skidder, short cable, long cable, or helicopter), economic 

viability based on the density of commercial volume relative to the needed yarding system, $100/MBF 

for hauling commercial material, sale value of $450/MBF at the mill, activity fuel piling and burning cost 

($600/acre), and treatment of >15 noncommercial trees/acre ($1000/acre). If there is no commercial 

material to be removed and there are <15 non-commercial TPA the cost is zero, assuming activities 

would not be conducted. The least expensive treatment (0.3) is where commercial volume is 

economically viable via skidder or short cable and there are < 15 trees/acre <10 inches DBH to be 

removed. The most expensive class (1000) is where non-economical commercial timber has to be 

yarded by helicopter and there are >15 TPA noncommercial trees to be treated.  

 

Figure 4: Suitability, or “cost” index for RBS MARXAN Scenarios. 
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Two adjustments were made to these cost values for the purposes of our MARXAN analysis. First, the 

values were standardized from 0 – 1000 to match the range of values that was used for all the 

parametrization tests. Second, cells with costs = 0.3, per the ‘MARXAN Cost Multiplier’ chart above, 

were changed to costs = 30. This was to improve MARXAN’s discernment between areas with no costs 

from areas of low cost.  

This cost index was populated for all fishnet cells across the RBS planning extent within the footprint of 

treatable and accessible lands. Fishnets beyond that footprint, labeled as “Least Accessible”, had no cost 

values assigned as they would not be part of any MARXAN scenario.  

 

RBS MARXAN Scenarios and Results 
Using these final cost values and the parameter settings previously established, 4 scenarios were 

explored by MARXAN: 

 Scenario 1 - A wall-to-wall optimization of all treatable and accessible federal lands within the 

Rogue/Siskiyou National Forest and Medford BLM district, prioritized to maximize performance 

on large and local fire community risk, natural range of variability, Northern Spotted Owl and 

climate resilience objectives. 

 Scenario 2 - A wall-to-wall optimization for all treatable and accessible lands across all 

ownerships, prioritized to maximize performance on large and local fire community risk, natural 

range of variability, Northern Spotted Owl and climate resilience objectives.  

 Scenario 3a – An optimization of the top 11% of federal lands within the Rogue/Siskiyou 

National Forest and Medford BLM district that will maximize progress towards all RBS planning 

objectives at the lowest cost. This incorporates non-timber objectives as well as economically 

viable commercial volume, non-economically viable commercial volume, and a cost-based 

suitability index. 

 Scenario 3b – A subset of Scenario 3b which generally excludes the planning areas with the 

poorest overall performance, and specifically those with the lowest large fire risk. 

 Scenario 4 – In addition to all treatable and accessible federal lands (Scenario 1) identifies  40% 

of the private “Community at Risk” acres with the highest scoring for the on large and local fire 

community risk, natural range of variability, Northern Spotted Owl and climate resilience 

objectives.  

To facilitate all MARXAN modelling, data created by the RBS team were re-formatted to comply with The 

Nature Conservancy’s Ecoregional Data Management Tool standard. All datasets and attributes used in 

this analysis can be found in the companion geodatabase EDMT_RBS.gdb, available by request from 

Kerry Metlen (kmetlen@tnc.org).  

Seven objectives, or “targets”, had been defined by the RBS team. Those included: Large Fire Risk, Small 

Fire Risk, Northern Spotted Owl Habitat, Climate Change Resilience, Vegetation Departure, Economically 

Viable Timber and Not Economically Viable Timber. All Scenarios incorporated the non-timber objectives 

mailto:kmetlen@tnc.org
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but the business as usual scenario (Scenario 3) also incorporated the two timber values and the cost-

based suitability index. For each Fishnet where each target occurred, an abundance for that target was 

calculated. This abundance was then standardized to place all fishnets on a common scale relative to 

each objective. These standardized values were used as the basis for our MARXAN abundances and 

goals. 

As the RBS team desired that our solutions would be allocated proportionally across all USFS Ranger 

Districts and BLM Resource Areas (RDRA), each objective was stratified by those management 

designations. Essentially, each combination of objective x RDRA was treated as a separate “target” for 

MARXAN scenarios, with goals established separately for each. This resulted in a total of 113 individual 

MARXAN targets. 

Over 168,000 27 acre fishnet cells are required to cover the RBS planning extent. For any MARXAN 

scenario, the possible combinations of these that could meet goals is greater than the number of stars in 

the universe.  This vastly exceeds the ability of MARXAN to find "feasible" solutions, so the fishnet cells 

were assigned to 8 individual analysis blocks of roughly 21,000 AUs each. These blocks were analyzed 

independently and all results were appended to a single Feature Class to create the maps. 

 

Scenario 1  

Scenario 1 - A wall-to-wall prioritization of all treatable and accessible federal lands within the 

Rogue/Siskiyou National Forest and Medford BLM district, prioritized to maximize performance on large 

and local fire community risk, natural range of variability, Northern Spotted Owl and climate resilience 

objectives. All treatable and accessible federal lands within the Rogue/Siskiyou National Forest and 

Medford BLM district were made available to selection by MARXAN by setting their Status to ‘0’in the 

AU_RBS Feature Class (n = 42,187). All other lands were excluded from selection by setting their Status 

to ‘3’.  

Corresponding records for the available AUs were selected from the AUxTGT_RBS (n = 188,370). This 

table lists the RBS objectives within each AU and their absolute and relative abundances.  The total of 

the absolute abundance for each stratified objective was then calculated. These totals were the basis for 

the MARXAN target goals. For this scenario, goals were set at 50% of the available total for each 

stratified objective.  

The calculated cost index was used so that the solutions also factored in the approximate expense of 

treatments, encouraging the selection of AUs, where possible, that could achieve project goals at the 

lowest possible cost.  

For the wall-to-wall prioritization scenarios, the ‘Sum’ solution is the most pertinent MARXAN output. As 

previously described, this sum represents the number of times that an AU is captured as part of a ‘Best’ 

iteration over the repeat runs for each scenario. As we performed 100 runs for this scenario, each AU 

can have a sum solution score ranging from 0 to 100. Scores of 100 imply the AU is very important for 

project goals, while 0 implies the AU is unimportant. Goal levels of 50% are high enough that ~ 90% of all 
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available AUs are selected at least once, but not so high as to remove all latitude from MARXAN when 

selecting AUs.  

 

Map 2: Scenario 1 is a wall-to-wall prioritization of all treatable and accessible federal lands within the 

Rogue/Siskiyou National Forest and Medford BLM district, prioritized to maximize performance on large and local 

fire community risk, natural range of variability, Northern Spotted Owl and climate resilience objectives. 

In addition to the AU prioritization, a ranking was also calculated for the HUC5 watersheds used as 

Planning Areas/Units by the RBS team. This ranking was simply calculated as the average of the sum run 

scores of all selectable AUs within each watershed. As displayed in Map 2, these scores are ranked from 

low-to-high and broken into 5 classes using Jenks Natural Breaks.   

 

Scenario 2  

Scenario 2 - A wall-to-wall prioritization for all treatable and accessible lands across all ownerships, 

prioritized to maximize performance on large and local fire community risk, natural range of variability, 

Northern Spotted Owl and climate resilience objectives. All treatable and accessible lands, across all 

ownerships, were made available to selection by MARXAN by setting their Status to ‘0’in the AU_RBS 

Feature Class (n = 61,585). All other lands were excluded from selection by setting their Status to ‘3’.  
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Corresponding records for the available AUs were selected from the AUxTGT_RBS (n = 234,953). This 

table lists the RBS objectives within each AU and their absolute and relative abundances.  The total of 

the absolute abundance for each stratified objective was then calculated, excluding the commercial and 

non-commercial timber targets. These totals were the basis for the MARXAN target goals. For this 

scenario, goals were set at 50% of the available total for each stratified objective.  

The calculated cost index was not used for this scenario; rather the costs were set to the same value for 

all AUs (500), the midpoint of the cost index range. The midpoint of the range was chosen to ensure that 

the parameters established in our testing phase would still be valid for this scenario. Scenarios with 

identical costs for all AUs encourage MARXAN to identify the smallest footprint solution that can meet 

target goals.  

 

Map 3: Scenario 2 is a wall-to-wall prioritization for all treatable and accessible lands across all ownerships, 

prioritized to maximize performance on large and local fire community risk, natural range of variability, Northern 

Spotted Owl and climate resilience objectives. 

As we had excluded timber targets for this scenario, the question being addressed could be framed as 

“which suite of AUs contribute most to our non-timber objectives?” This scenario might also be called 

the “Restoration Scenario”. Also, as this scenario included fire risk objectives within the “Community at 

Risk” private lands, it shows where treatments can reduce the risk to those communities the most.  
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For the wall-to-wall prioritization scenarios, the ‘Sum’ solution is the most pertinent MARXAN output. As 

previously described, this sum represents the number of times that an AU is captured as part of a ‘Best’ 

iteration over the repeat runs for each scenario. As we performed 100 runs for this scenario, each AU 

can have a sum solution score ranging from 0 to 100. Scores of 100 imply the AU is very important for 

project goals, while 0 implies the AU is unimportant. Goal levels of 50% are high enough that ~ 90% of all 

available AUs are selected at least once, but not so high as to remove all latitude from MARXAN when 

selecting AUs.  

In addition to the AU prioritization, a ranking was also calculated for the HUC5 watersheds used as 

Planning Areas/Units by the RBS team. This ranking was simply calculated as the average of the sum run 

scores of all selectable AUs within each watershed. As displayed in Map 3, these scores are ranked from 

low-to-high and broken into 5 classes using Jenks Natural Breaks.   

 

Scenario 3   
Scenario 3 involves the identification the top 11% of federal lands within the Rogue/Siskiyou National 

Forest and Medford BLM district that will maximize progress towards all 7 RBS planning objectives at the 

lowest cost. Scenario 3a is an iterative step toward identifying 180,000 acres for the business as usual 

scenario (3b). 

All treatable and accessible federal lands within the Rogue/Siskiyou National Forest and Medford BLM 

district were made available to selection by MARXAN by setting their Status to ‘0’in the AU_RBS Feature 

Class (n = 42,187). All other lands were excluded from selection by setting their Status to ‘3’.  

Utilizing the ‘Best’ solution generated during Scenario 1, we were able to calculate the new goals for 

each target using ratios. In that case, goals were set at 50% for each target and had captured X% of the 

federal lands within a Ranger District/Resource Area.  This information was used to calculate new goal 

levels that would capture ~11% of federal lands within the Rogue/Siskiyou National Forest and Medford 

BLM district. Those goal levels are captured in the PCT_GOAL_BAU attribute of the TGMxGU_RBS table.  

Corresponding records for the available AUs were selected from the AUxTGT_RBS (n = 188,370). This 

table lists the RBS objectives within each AU and their absolute and relative abundances.  The total of 

the absolute abundance for each stratified objective was then calculated. These totals were the basis for 

the MARXAN target goals described in the previous paragraph.  

The calculated cost index was used so that the solutions also factored in the approximate expense of 

treatments, encouraging the selection of AUs, where possible, that could achieve project goals at the 

lowest possible cost. 

The identification of a specific footprint of lands that meet scenario goals is best done with the MARXAN 

‘Best’ solution. As previously described, the ‘Best’ solution is the single iteration with the lowest 

Objective Function value from all the runs performed during a specific scenario. The raw MARXAN 

output for this scenario is shown in Map 4.  
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Map 4: Scenario 3a represents the optimal 11% of federal lands within each Rogue/Siskiyou National Forest 

Ranger District and Medford BLM Resource Area that will maximize progress towards all RBS planning objectives at 

the lowest cost. This incorporates non-timber objectives as well as economically viable commercial volume, non-

economically viable commercial volume, and a cost-based suitability index. 

The BAU scenario maximizes on all 7 objectives including economically viable timber and commercial 

timber that requires subsidy. It would treat an average of 11% of federally owned land per planning area 

up to a maximum of 180,000 acres. In scenario 3a, 11% of lands within each Ranger District or Resource 

Area were identified for treatment, totaling 280,000 acres. To bring the footprint down to a level that 

might be implemented at the current pace on federal land, 100,000 acres were removed. The poorest 

performing planning areas were eliminated, but the top 80th percentile performing planning areas for 

economically viable timber volume were kept. The five poorest performing planning areas for large fire 

risk (53, 47, 56, 82, and 66) were also removed to identify a footprint of the appropriate size. 
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Map 5: Scenario 3b captures 180,000 acres of federal lands within the Rogue/Siskiyou National Forest and 

Medford BLM district that will maximize progress towards all 7 RBS planning objectives. 

 

Scenario 4  
Scenario 4 captures all treatable and accessible federal lands, plus the top performing 40% of the private 

“Community at Risk” acres.  

This scenario did not require additional MARXAN runs; rather it utilized a portion of the results from 

scenario 2. Map 3 displays the ‘Sum’ solution results from scenario 2. For scenario 4, we took the ‘Best’ 

results from Scenario 2 across the private “Community at Risk” footprint.  This captured almost exactly 

40% of those acres. To those were added all treatable and accessible federal lands as identified by the 

RBS team for a total footprint of 1,343,088 acres. This represents the maximum area that could possibly 

be treated across the next 20 years.  
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Map 6: Scenario 4 represents the maximum area that could possibly be treated across the next 20 years. 

All scenario outputs are also available as higher resolution pdfs, and are captured as attributes within 

the AU_RBS Feature Class. 
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