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British Columbia Exercise: How to go from 

defining your problem to running Marxan 
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Define problem 

 Identify cost-effective areas for 
inclusion in a reserve system in British 
Columbia that protects a pre-defined 
target amount of each conservation 
feature (e.g. 30% of each benthic habitat 
type, and 30% of known sponge reefs and 
kelp) 
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Planning Region 

Hakai Pass to  
Port Hardy, BC 
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Marxan Input Data and Parameters 

• Planning units 

• Features 

• Targets 

• Costs 

• Boundary Length 

• Species Penalty Factor 

• Boundary Length Modifier (BLM) 

• Number of solutions 

• Number of iterations 



Planning Units 

Size and shape of PUs is informed by the scale of 
planning and resolution of datasets being used 



Planning units 

• Different types  

   and sizes 

 

 

 

 

• For this exercise 

 you will be using a  

 2km x 2km grid 

Hexagons Environmental  
Units 
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Conservation Features 

Which data to include?  

• Criteria need to be informed by project 

goals and objectives 

• Data availability 

• Data consistency                           

(spatial, temporal,          

representational) 

 

Source: H. Grantham (CI) 



Conservation Features 

Types of biodiversity data: 

• Broad surrogates (coarse filter): e.g., habitat 

types, benthic classes, …  

• Special features or direct measures of 

biodiversity (fine filter): e.g., species data, 

sea canyons, … 

• Ecological processes: e.g., migration 

corridors, … 

 



BC Exercise: Conservation feature data 

and 3 types of kelp: bull, giant, and general kelp 

Benthic habitat types Sponge reef distribution 
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Planning Unit Cost 

Approaches to develop a cost layer: 

1. Uniform cost (e.g., PU area) 

2. Single measure (e.g., fisheries as cost) 

3. Multiple socio-economic costs 

4. Measures of ecological impact of human 
activities or “naturalness” 

5. Suitability / prioritization indices 
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Source: Ban et al., 2009 



Planning Unit Cost 
 It is critical to identify the right cost(s), as the choice will impact the 

location of reserves 

• But they are usually the hardest GIS data to find 

• Marxan can only include one cost layer 

 

Source: Klein et al., 2009; Carwardine et al., 2008 



BC Exercise: Cost data 

Vessel movement data (summer 2007) 

 
 

- Represents socio-economic 
cost 

- Total vessels movements 
over the summer.  Vessels 
included: Fishing, carrier, 
ferry, tug, oil tanker, cruise 
ship 
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Process data into Marxan format 

 For Marxan to solve the problem you have 
defined, you need to organize the data you 
have collected into a specific format 

 

You will be doing this today with the 
help of ArcMap™ or QGIS 
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Key data requirements 

• pu.dat: Planning units, cost and status  

• spec.dat & puvsp.dat: Amount of 
each conservation features in each 
planning unit 

• bound.dat: Boundaries between 
planning units 
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The combined planning unit cost 

Each planning unit is assigned a “cost”. This 

can be measured in terms of:  

• Area (of planning unit or of available habitat) 

• Financial value 

• Opportunity costs 

• Potential profitability 

Marxan calculates the combined cost of all the 

planning units.   
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Pu.dat 

• id = Planning units 

• cost = How much each planning unit “costs” 
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Pu.dat 

• “status” 

– Available (0): Default 

– Seed (1): Starting point 
(Not often used) 

– Lock in (2): e.g. for 
areas already protected 

– Lock out (3): for areas 
that can’t be included 
(e.g. urban areas) 
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Spec.dat 

A list of all your 
conservation 
features (id), 
the targets you 
have set for 
them (prop), 
and the species 
penalty factor 
(spf) 

 

18 



Species penalty factor 

• Marxan calculates whether the target for each 

conservation feature is met  

• Includes a cost for any target that has not been 

met (specified by the species penalty factor - 

SPF) 

• SPF can be generic or feature-specific 

• If targets are not met, increasing the SPF value 

in the spec.dat file will help in achieving 

conservation targets 
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Puvsp.dat 

Contains how much of each feature is in 
each planning unit 
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The boundary cost 
 

• The total amount of edge that the planning units 

share with unprotected units (e.g., unconnected 

planning units will have a large cost) 

• The cost is usually quantified as the length of 

the PU edge  

• Boundary cost is multiplied by the boundary 

length modifier (BLM), which is a user-defined 

value 

• Increasing the BLM increases the cost of having 

a fragmented set of conservation areas 
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Bound.dat 

• Marxan can find clumped solutions 

 

 

 

 

 

 

• But it needs spatial information about 
the boundaries between the planning 
units to do this 
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Bound.dat 

1 2 3 

73 74 75 
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Input.dat 

Instructions for Marxan 

Parameters typically changed: 

General Parameters: 

• BLM: (clumping)  

• NUMREPS: # of runs (or solutions) 

Annealing Parameters: 

• NUMITNS: # of iterations 
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Instructions for Marxan 
 

Input files: 

• INPUTDIR: Input directory  

• Input file names 
 

Output files:  

• Preprocessing file names 

• Output directory 
 

Program control (not often changed) 
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Input.dat 



Database structure 
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Run Marxan! 
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