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Context

 and yet

• out of about 38% of the territory this fragmented the country gets

• >  2% of GDP (3rd largest in the EU), >  5 % of employment, >  9% of 

exports

• only sector where Portugal is the first in the world (cork)

 nevertheless property fragmentation may be an obstacle to 
landscape-level planning

• and thus the provision of Ecosystem services – carbon, biodiversity, 

nature conservation, timber

• and thus to adequate wildfire prevention levels



The case studies



Recent advances

Mathematical

programming 

techniques

Decision

support system

Participatory

workshops



The mathematical programming model
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The mathematical programming model
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The decision support system MCDM module



Results

Ecosystem Services Units

2014-2104

1st estimate

2nd estimate

3rd estimate 

solution
Group 1 Group 2 Group 3

Eucalypt pulpwood m3 15.4 x 106 14.6 x 106 14.6 x 106 14.9 x 106 14.5 x 106

Pine saw logs m3 0.69 x 106 0.01 x 106 0.24 x 106 0.27 x 106 0.2 x 106

Chestnut saw logs m3 0.01 x 106 0.45 x 106 0.31 x 106 0.27 x 106 0.34 x 106

Volume of ending 

inventory
m3 - 1.5 x 106 1.5 x 106 1.1 x 106 1.4 x 106

Average carbon stock Mg/year - 0.6 x 106 0..6 x 106 0.6 x 106 0.6 x 106



Results

Management Programs

Current
To meet targets

(3rd estimate)

ha % ha %

1 - Mixed maritime pine (Pinus pinaster) and eucalypt 

(Eucalyptus globulus) forest system, dominance of maritime 

pine

2302 16.0 462 3.2

2 - Mixed maritime pine (Pinus pinaster) and eucalypt 

(Eucalyptus globulus) forest system, dominance of eucalypt
2446 17.0 769 5.3

3 – Chestnut (Castanea sativa) forest systems for production 

of chestnut saw logs
101 1 1282 8.9

4 - – Eucalypt (Eucalyptus globulus) forest system for 

pulpwood production
9499 66.0 11875 82.5



Ferreira, L., Constantino, M., Borges, J. G., Garcia-Gonzalo J. 2015 Addressing wildfire risk in a landscape-level 

scheduling model.  An application in Portugal Forest Science 61: 266-277 DOI: 

http://dx.doi.org/10.5849/forsci.13-104

Marques, S., Botequim, B., Garcia-Gonzalo, J., Borges, J. G., Tomé, M., Oliveira M. M. 2012. Assessing wildfire 

risk probability in Pinus pinaster Ait. stands in Portugal. Forest Systems 21: 111-120. DOI: 

http://dx.doi.org/10.5424/fs/2112211-11374

Garcia-Gonzalo, J., S. Marques S., J. G. Borges, B. Botequim, M. M.  Oliveira, J. Tomé, and  M. Tomé. 2011. A 

three-step approach to post-fire mortality modeling in Maritime pine (Pinus pinaster Ait.) stands for enhanced 

forest planning in Portugal. Forestry 84: 197-206 DOI: http://dx.doi.org/10.1093/forestry/CPR006

Open problem 1

 Include landscape wildfire resistance in the set of 

criteria by combining 

 Stand-level wildfire occurrence and damage models (e.g.) and 
topological data into stand-level wildfire resistance indicators



Open problem 2

 Decomposition of the Edgeworth-Pareto hull (EPH) to 

address very large (integer) problems by 

 Splitting the master problem into sub-problems, 

 Approximating the EPH of sub-problems

 Using the sub problem EPH approximations for building the 
EPH of the master problem



Open problem 3

 Develop a web based decision support system 



Open problem 4

 Extend the functionality of the web based decision 
support system and develop integration with platforms 
such as Ecosel to provide payments for ecosystem 
services

BIOECOSYS



Thank you


