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€he New York Times

Portugal Fires Kill More Than 60,
Including Drivers Trapped in Cars
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Flames and smoke cut off roads on Sunday in Capela Sao Neitel, in central Portugal, where members of the National Guard tried to
contain several forest fires. Paulo Cunha/European Pressphoto Agency



Background

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

destroyed property worth over one thousand million
euros.

A Need for the development of an effective regulatory
services framework.

A For us researchers
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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Addressing Wildfire Risk in Forest Management

describe fuel and shrub dynamics by time-
dependent models of forest fire hazard
(Gould et al. 2011). However, shrub biomass
accumulation information for Mediterranean
areas is very limited. Few studies addressed
the temporal dynamics of shrub structure
and/or biomass in shrublands (Baeza et al.
2006), which are expected to be different un-
der a forest canopy, due to competition for
resources (i.e., light, water). Hence, little at-
tention has been given to understory vegeta-
tion, likely due to its limited economic im-
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Making Methods
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Harvest-scheduling

A The implementation of harvest-scheduling formulations
oriented to include fuel treatment activities can be
simplified by spatially decomposing factors such as wind.

A Trying to promote simplicity.

A Wildfire simulators

I. Interaction between complex spatial dynamics

i. need to parametrize the toolbox for the specific
conditions of the study area

lii. people use what they are capable to understand

Iv. Integration in harvest-scheduling optimization problems



Fire burn probabilities

A The estimation of fire risk probability is complex.

A The 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.

A Flammability
annual probability of a given stand to burn

A Fire burn probability
A Flammability + 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

Clustered Dispersed Irregular
L .

Age-balanced

Age-unbalanced




Fire burn probabilities

A Flammability A Sloped and Flat conditions
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Fire burn probabilities

A The computation of fire probabilities recognizes elevation,
slope, wind directions (d) and the probability that a
neighboring cell will burn.

A The spatial effect of wind can be simplified considering four
Independent cases:. Northwest (NW), Northeast (NE),
Southwest (SW) and Southeast (SE).

A The wind factor was proportionally scaled: 50% for both
NW and NE. Fires could not spread from SW and SE.

A The likelihood of the wind to propagate the flames was 0.5
In the horizontal (H) and 0.75 in the diagonal.



Fire burn probabilities
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Fire burn probabillities
nPen@ (p N9 B 0 Ao A |ac

Present state

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 51 3.2 4.3 9.0 14.9 8.04 12.1



Harvest-scheduling model

A Obijetive: reduced timber

expected losses as a
result of fire burn
probabilities

A One period plan

A Area-based constraints

A Treatments:
X (harvests; fixed)

Y (fuel removals, variable)

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

C
MAX OF = Z[DF1 4 0F;]
=1

0F, = v(a;) x X,

0F, = v(a+ D x (11— pf) xQ-x)+ v(W)x(1- p) xX
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Harvest-scheduling model

A In every interation:

C
MAX OF = Z[DF1 4 0F;]
=1

0F, = v(a;) x X,

A |) The algonthm aCCOuntS 0F, = v(a,+ 1) x(1— pH x(1-X)+ v(1D)x(1- pf) xX

for the change in fire burn
probability for each cells
and its neighboring
stands, and

A i) distinguish between fuel
removals (accounts for
shrub biomass) and
harvests (accounts for
harvested volume)

c
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Optimization
A Limited

computational | oF | Expected | yioan Fire
effort for the terations my | lesses | Ry
100-stand
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3427.3 17548.0 38523.3 418.8 2.73

matrix
I 3367.6 176087 385851  419.0 2.80
A The use of real T 34273 175555 385383  410.9 2.75
forest inventory AN 3307.9 176769 386617 4123 2.74
will upscale the TN 33000 176458 38591.6  412.3 2.73
complexity of g
the problem. — "
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Reduction of fire burn
probabillities
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Reduction of timber expected
losses

MAX OF = Z[DF1 + 0F;]
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Progress of the optimization

A Optimization

g_ convergence =f (CS)
é— A Fast runs
g A 250,000 iterations
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Discussion

A The computation of fire probability was simplified.

A What is the impact of our approach compared to
sophisticated wildfire simulators?

1 (2019) 996-1003
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Discussion

A Importance of fuel treatments in operational forestry

A Matrix-based design to validate the algorithm.
A Simplicity was promote

A Limitations at this development stage: one planning
period

A Preliminary step to implement the methodology using real
forest inventory data combined with wildifre simulators to
predict flammability and fire burn probability

A Coming challenges



Progress of MODFIRE

A Forest inventory data (ground data and satellite images)
A Step 0: Algorithm to account for fire burn probabilities
A Step 1: Integration of fire burn probability in HS models

A Step 2: HS based on area-based units with real data at
tactical and operational planning

A Step 3: HS based on tree-level information in operational
planning

A 2019 - 2022



Vale do Sousa
Management Units Framework

MODFIRE

A Recent fire trends

A Updating of the
forest inventory
A 160 plots

A Traditional and
RS-based forest
iInventory

A Validation of the
developed HS
formulation using
real forest data



