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Background 

Å In 2017, wildfires in Portugal claimed over 110 lives and

destroyed property worth over one thousand million

euros.

ÅNeed for the development of an effective regulatory

services framework.

ÅFor us: methods and tools that may help integrate forest

and fire management planning activities currently still

being carried out mostly independently of each other
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Background 

Forest dynamics

Modeling variables

related to fire

dynamics

Towards decision-making



Harvest-scheduling

ÅThe implementation of harvest-scheduling formulations

oriented to include fuel treatment activities can be

simplified by spatially decomposing factors such as wind.

ÅTrying to promote simplicity.

ÅWildfire simulators

i. interaction between complex spatial dynamics

ii. need to parametrize the toolbox for the specific

conditions of the study area

iii. people use what they are capable to understand

iv. integration in harvest-scheduling optimization problems



Fire burn probabilities

ÅThe estimation of fire risk probability is complex.

ÅThe probability that a forest stand will burn within a given

time interval depends on stand-level characteristics,

biophysical factors, adjacency relationships and the

characteristics of neighboring forest stands.

ÅFlammability

annual probability of a given stand to burn

ÅFire burn probability

ÅFlammability + Spatial patterns & Adjacency constraints



Matrix-case scenarios
Ground data for eucalyptus stands in Portugal

1. Age classes

2. Growing stock volume

3. Proportion of shrub biomass & Flammability

Age-balanced

Age-unbalanced

Clustered Dispersed Irregular



Fire burn probabilities

ÅFlammability

ÅBiomass load

ÅSloped and Flat conditions

ÅVolume



Fire burn probabilities

ÅThe computation of fire probabilities recognizes elevation,

slope, wind directions (d) and the probability that a

neighboring cell will burn.

ÅThe spatial effect of wind can be simplified considering four

independent cases: Northwest (NW), Northeast (NE),

Southwest (SW) and Southeast (SE).

ÅThe wind factor was proportionally scaled: 50% for both

NW and NE. Fires could not spread from SW and SE.

ÅThe likelihood of the wind to propagate the flames was 0.5

in the horizontal (H) and 0.75 in the diagonal.



Fire burn probabilities

ὴȿὨḙὴὪ ρ ὴὪ В Ὂ ὴ Ὠ ὴ Ὠ ,

Age-balanced

Age-unbalanced

Clustered Dispersed IrregularPresent state



Fire burn probabilities

ὴȿὨḙὴὪ ρ ὴὪ В Ὂ ὴ Ὠ ὴ Ὠ ,c

Mean annual fire burn probability (%) Maximum annual fire burn 
probability (%)

Scenario Balanced-age Unbalanced-age Balanced-age Unbalanced-age

Problem Flat Sloped Flat Sloped Flat Sloped Flat Sloped

Clustered 3.5 4.7 3.3 4.7 8.2 14.4 8.92 15.8

Dispersed 3.4 4.6 3.1 4.3 8.9 14.2 7.81 13.5

Irregular 3.6 5.1 3.2 4.3 9.0 14.9 8.04 12.1

Present state



Harvest-scheduling model

ÅObjetive: reduced timber

expected losses as a 

result of fire burn

probabilities

ÅOne period plan

ÅArea-based constraints

ÅTreatments: 

X (harvests; fixed)

Y (fuel removals, variable)

Y = CS = c (10,15, 20, 25)



Harvest-scheduling model

Å In every interation:

Å i) The algorithm accounts

for the change in fire burn

probability for each cells

and its neighboring

stands, and

Å Ii) distinguish between fuel 

removals (accounts for 

shrub biomass) and

harvests (accounts for 

harvested volume)



Optimization
ÅLimited 

computational 

effort for the 

100-stand 

matrix

ÅThe use of real 

forest inventory 

will upscale the 

complexity of 

the problem.

ÅSimulated 

annealing-

based flowchart 

Iterations
OF1

(m3)

OF2

(m3)

OF

(m3)

Expected 
timber 
losses 

(m3)

Mean Fire 
prob
(%)

104 3427.3 17548.0 38523.3 418.8 2.73

5×104 3367.6 17608.7 38585.1 419.0 2.80

105 3427.3 17555.5 38538.3 410.9 2.75

5×105 3307.9 17676.9 38661.7 412.3 2.74

106 3300.0 17645.8 38591.6 412.3 2.73



Reduction of fire burn 

probabilities
ὴȿὨḙὴὪ ρ ὴὪ В Ὂ ὴ Ὠ ὴ Ὠ ,

Age-balanced Age-unbalanced

End of the period



Reduction of timber expected 

losses

Age-balanced Age-unbalanced

End of the period



Progress of the optimization

CS = 10

CS = 25

ÅOptimization 

convergence = f (CS)

ÅFast runs

Å250,000 iterations

Å10.47 ï13.2 min



Discussion

ÅThe computation of fire probability was simplified.

ÅWhat is the impact of our approach compared to 

sophisticated wildfire simulators?

Complexity versus Impact



Discussion

Å Importance of fuel treatments in operational forestry

ÅMatrix-based design to validate the algorithm. 

ÅSimplicity was promote

ÅLimitations at this development stage: one planning

period

ÅPreliminary step to implement the methodology using real 

forest inventory data combined with wildifre simulators to 

predict flammability and fire burn probability

ÅComing challenges



Progress of MODFIRE

ÅForest inventory data (ground data and satellite images)

ÅStep 0: Algorithm to account for fire burn probabilities

ÅStep 1: Integration of fire burn probability in HS models

ÅStep 2: HS based on área-based units with real data at 

tactical and operational planning

ÅStep 3: HS based on tree-level information in operational

planning

Å2019 - 2022



MODFIRE

ÅRecent fire trends

ÅUpdating of the 

forest inventory

Å160 plots

ÅTraditional and 

RS-based forest

inventory

ÅValidation of the 

developed HS 

formulation using

real forest data


