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Abstract

Addressing sustainability concerns in Mediterranean forest ecosystems management with the growing incidence
of fires impacting the forest areas over the past decades is a complex task. The current framework was driven
taking into account several decision support tools of the United States Wildfire Modeling System for wildfire
risk management, which focuses on a three-tiered approach strategy calibrated and applied in Portugal. In
addition, contains spatial and temporal dimensions to integrate landscape-scale properties required to meet fire
management goals, without encroaching budget constraints, while meeting demands for timber values.
Explicitly : i) Developing and applying a Forest System Dynamic Model for identifying temporal stand-scale
and understory fuel dynamics, including a site and regional percentage of burnt probability; ii) Building for
each landscapes fuel population distribution the expected fire behaviour curve trends, i.e. the corresponding
spread rate and flame length using EXRATE tool and FlamMap simulator, respectively, thereby allowing the
calculation of changes in the annual expected wood loss; iii) Spatially optimize in the Landscape Treatment
Designer tool (LTD) the location of fuel treatments distribution. For testing and demonstration purposes, the
research considered an application encompassing three properties of pulp mill’s from the Grupo Portucel
Soporcel (gPS) in the North, Central and South of Portugal, where eucalypt (E. globulus) is predominant (extent
~ 3665 ha). A sensitivity analysis was performed by measuring trade-offs among specific treatment scenarios:
“treated” vs “untreated” or “treated considering neighbors”. The effect of each scenario was changed by a set
percentage of optimal parameters and a series of LTD runs was recorded as a project. The protection of the
eucalyptus trees from potential wildfires loss was assumed as a key primary goal, following by a set of
quantitative target stand structures, budgets and policies constraints in proportion of area treated, and fire
behaviour thresholds for each farm. Parameters decisions were assessed to address the identification of
thresholds for radical change in fire behavior, and further insight to support hazard-reduction fuel practices. The
accuracy of the results demonstrates the usefulness and relevance of the pursued to calculate the potential effect
of treatments strategies on improving fire resiliency. Further, the approach provided an overview of
management guidelines for fuel modifications to make the gPS eucalyptus farms in Portuguese conditions more
resistant to fire, selecting priority intervention areas and designing effective strategies.

Keywords: Forest System dynamic Model; Fire behavior; Spread rate; budget constraints; Landscape
Treatment Designer; Fuel management strategies.
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Chapter 6 — Forest Management

1. Introduction

About 35.4% of the area of Portugal is covered by forest. Nonetheless in the Mediterranean and in
Portugal the forest composition is strongly determined by wildfires. Indeed, is the smallest country in
southern Europe but has the highest fire incidence in the region. The management of such ecosystems
sustaining the forest ecological base, in a changing physical, socio-economic, cultural, demographic
and political context is a challenge. Thus, fires should be taken into account when developing forest
management plans. We have little or no control over most factors in the fire behavior triangles.
However, one element we can control is the common denominator - fuel. Indeed, fire risk and wildfire
damage can be reduced by removing or reducing fuels in strategic locations. Fuel structure and
flammability are primary conditions for fire spread (Pausas and Paula 2012) and fuel treatments have
been found to decrease wildfire size (e.g. Baeza and Vallejo 2008; Rideout et al. 2008; Boer et al.
2009). Fuel treatment positively affects suppression efforts by reducing fire spread and fire intensity
(Rideout et al. 2008). Thus, the emphasis today in forest management is on forest restoration and fuels
reduction. Nevertheless, there is an urgent need for decision support tools to enable effective fire
management.

Where to treat? How much? Shape and size? In this sense, for handling with the complexity of such
forest management problems that wildfire risk implies for forest owners and policy-makers, the present
research try to answer the above-mentioned questions focusing on techniques for address the problem
of spatially optimize treatments to prioritize fuel management activities, aimed at disrupt fire spread
and protect eucalyptus areas from burning without have loss of important ecological and commercial
timber values. For that purpose, a Forest System Dynamic Model have been developed and coupled
with spatial optimization software (Landscape Treatment Designer - LTD, Ager et al. 2012) to design
efficient landscape fuel treatment plans.

The current framework includes a three-tiered approach strategy such as i) developing a Forest System
Dynamic Model; ii) Characterizing the expected fire behaviour characteristics (e.g. spread rate and
flame length); iii) Explore the optimal levels of fuel landscape treatment configurations in the LTD
tool. The pursued are tested and results are discussed for a large-scale application encompassing over
3365 ha of eucalyptus in North, Centre and Southern Portugal.

2. Methods

The framework presented here was based on an extensive literature review (e.g. Finney 2003; Alan et
al. 2013), field work to assign fuel model distribution, and analysis of a database within three
Eucalyptus farms located in the North (1471, 48 ha), Centre (173, 34 ha) and South region (2020, 34
ha) from the Grupo Portucel Soporcel (gPS), a European company dedicated to produce and market
high quality paper for office and offset uses (Figure 1). Inventory data represent conditions of the year
2013 in the study area.
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Figure 1. Portugal: location and cover types of the three farms from the Grupo Portucel Soporcel

2.1. Developing a Forest System Dynamic Model
In order to identify temporal trends for guiding LTD, a Forest System Dynamic Model (FSDM) was
developed to examine stand-scale and fuel dynamics. The model incorporates both well-defined,
quantitative field data and qualitative expert gPS opinion. Note that all the spatial fuel types under
eucalyptus cover were collected “in loco” and assessed by the field guide-fuel from Project Vesta
(Cheney et al. 1998; Gould et al. 2007). Further, enumerated using a set of customized fuel models
developed for eucalyptus stands in Portugal (Fernandes et al. 2009). Such dynamic model was used to
classify fuel over time due to planting operations, harvesting, and vegetation regrowth.
In addition, an estimate of total burnt probabilities (TBP, %) on each eucalyptus farm was also
integrated in the model as a “burnt factor” based on landscape and site scale wildfire modelling
information available in Portugal. In the former, each stand burns considering an adjusted burnt
probability based on the regional fire frequency analysis (Oliveira et al. 2012) and the fire regimes at
the municipality-level obtained by multiple correspondence analysis and spatial clustering (Pereira et
al. submitted). For the site-scale the probability of wildfire occurrence in Eucalyptus stands was
calculated by Botequim et al. (2013). Furthermore, wildfire impacts and resulting damage over time
at stand and tree level across the eucalyptus farms was include using Marques et al. (2012) post- fire
mortality equations. Thus, landscape data were generated for random mixtures of several fuel types in
various proportions over time and replicated because of expected variation in weather scenarios
(increase the number of additional fuel configurations).

2.2. Characterizing the expected fire behaviour characteristics
Current fire behavior characteristics for each stand, i.e. spread rate (SR, m/min) and flame length (FL,
m) for randomness of the fuel arrangements was calculated on the program EX-RATE (Finney 2003)
and FlamMap simulator (Finney 2006), respectively. Each fuel configuration has a well-defined
maximum spread rate (minimum travel time algorithm, Finney 2003). Different spread rate ratios show
a sigmoid trend over the range of proportions of fuel populations. These outputs can be used to estimate
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the change in the annual expected timber loss (TL), as well to demonstrate reductions in the ASR and
AFL from the effect of fuel treatments, to further aid in spatial allocation of fuel strategies across the
eucalypt farms.

2.3. Explore the optimal levels of fuel landscape treatments
Spatial data for each farm indicating: (i) potential fire behavior as represented by SR and FL, (i)
expected TL in the stand for both treat and untreated conditions (iii) stand area (ha), (iv) biometric
patterns such as crown base height (CBH), crown bulk density (CBD), type of fuel model (shrub or
litter) for predicting fire activity (Botequim et al. in preparation); and (v) annual budget capacity for
gPS fire management, was created to explore in LTD tool (Ager et al. 2012) the optimal levels of fuel
landscape treatment configurations.
The protection of the eucalyptus trees from potential wildfires loss was assumed as primary goal, i.e.
minimize the total predicted expected TL and maximize delta SR. Activity constraints on policy and
annual budget restrictions to represent the total treatment allowance (area, ha) for fire management
were considered. Thresholds were measured by potential FL, and a set of biometric patterns for each
eucalypt stands.
In addition, to better understand how expected loss was affected by the above treatment parameters a
sensitivity analysis using several LTD simulations was performed across all the stands in response to
different investment levels, treatment intensity. The trade-offs associated with these divergent
management strategies including percentage of treated and untreated areas to calculate potential
mortality to eucalyptus trees were quantified to examine change in risk on improving fire resiliency.

3. Results

The current work expands the application in fuel spatial optimization for eucalyptus stands, and
demonstrates a decision support approach computationally feasible to address the most fire-prone areas
in each region and prioritize fuel management efforts based on respective management goals. The
model seeks to locate project areas to most efficiently reduce potential wildfire loss of fire resilient
eucalyptus trees while creating contiguous areas within which managed fire can be effectively used to
maintain low-hazard conditions. Indeed, the approach identifies the aggregate of polygons that
minimize the expected timber loss E(TL), and maximize the delta Spread rate (ASR) objectives, and
the polygons that require treatment, i.e. the percentage of stand - treatment densities optimal in terms
of the overall reduction in the potential wildfire mortality. Furthermore, the sensitivity analyses based
on a series of test landscapes allows the identification of investment trade-offs with easily interpretable
results. Finally, this research have real implications for spatial strategies of fuel treatments on gPS
farms, and can contribute to enhance the coordination of seasonal budget for fire prevention, directing
their actions to the most susceptible areas in case of extreme, and uncontrollable, weather events.
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Abstract

The Iberian peninsula has suffered for many years from large scale forest fires, which in the past decades have
been devastating for all components of the environment: destruction of biological systems, loss of organic
matter from soils and alteration of atmospheric and climatic processes.

In this study we analyse the variation in number and burnt areas in the Iberian Peninsula (Portugal and Spain),
using mathematical functions. The results obtained are compared with other European Mediterranean countries
such as France, Italy and Greece. More than 1.5 million fires were recorded in the Mediterranean countries
between 1980 and 2011, involving a burnt area of approximately 15 million hectares, where 67% of the fires
and 60% of the burnt area lay in the Iberian Peninsula. Upon using the adjustment functions, the evolution of
the number of fires in the Iberian Peninsula shows a growth rate between 1980 and 2000, while a decline in
fires was observed after 2001. There is a continuous decrease in burnt area throughout these years.

The evolution of the number of fires in Spain and Portugal presents a behaviour that is quite similar to that in
the Mediterranean countries. However, this is not true for the burnt areas, where an increase in Spain from 1980
101985 was observed, and this decreased after 1986. Portugal on the other hand presents an increase in burnt
areas from 1985 to 2003.

Keywords: Iberian peninsula, burnt areas, number of forest fire, mathematical function

1. Introduction

Spain like Portugal and other Mediterranean countries are suffering the dramatic consequences of the
forest fires, which in the last years have produced a big deforestation that provokes degradation of the
environment and important socio-economical losses. Their direct destructive effects are manifested in
all components of the environment: the vast forest area burnt (forest and scrub); the destruction of the
fauna; the loss of soil organic matter, with the consequent variation of all its properties and the loss of
soil quality; and altering atmospheric and climatic processes due to particles and smoke released by
the fire, which also contains hydrocarbons, greenhouse gases and toxic substances for humans and
animals In addition, there are indirect effects caused by the destruction of the vegetation cover, which
leaves the soil unprotected against the impact of the rain, and subsequent post-fire erosion, producing
the drag of the finest components of topsoil (seeds, organic and inorganic substances) necessary for
normal development of the vegetation, and in extreme conditions, the irreversible loss of soil and even
the rock outcrop. The drag of water and sediments caused by the erosion and deposition away from
the fire epicenter will alter aquatic and marine ecosystems and habitat for fish, shellfish, etc. This has
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