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Forests in Catalonia: overviewForests in Catalonia: overview

Catalonia (north – east Spain)

- Forest area: 2.055.000 ha (>64% of total area)

- Area covered by trees: 42% of total area

- 80% forest area, private owned (77% <25 ha)

- Great diversity of tree species, forest 
structures and silvicultural treatments 

- Great increase of forest surface and biomass 
accumulation in the forests, during last 
decades (rural exodus/abandonment)

- Increasing risk of forest fires

MCSC3, IFN2, IFN3, Eurostat
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ContextContext

Castellnou et al., 2009 GRAF

Forests in Catalonia: overview

Species Total (ha)
% pure 
stands

% mixed 
stands

Pinus halepensis 294.363   69% 31%

Quercus ilex 223.062   54% 46%

Pinus sylvestris 221.874   65% 35%

Pinus nigra 127.313   48% 52%

Pinus uncinata 66.076   88% 12%

Quercus suber 60.980   46% 54%

Quercus pubescens 41.756   45% 55%

Pinus pinea 33.573   34% 66%

Quercus faginea 31.400   51% 49%

Fagus sylvatica 27.475   56% 44%

Riparian forests 24.686

Productive 
plantations 42.230

Others 123.306        

Conifers: 61%

Quercus sp: 31%

Productive 
plantations: 3 %

Other broadleaves 
and riparian 
forests: 5 %
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Forests in Catalonia: overview

Young stands 

Forests in Catalonia: overview

High density, growth stagnation, 
poor regeneration in mature stands
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Forests in Catalonia: overview

Low management, low technification

Forests in Catalonia: overview

High fuel continuity (horizontal, vertical)
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Forests in Catalonia: overview

High vulnerability to large wildfires

40% of surface very high 
risk of large wildfires 
(red color)

(Castellnou et al. 2010,  Piqué et al. 2011)

Low risk
Medium risk
High risk
Very high risk

Forests in Catalonia: overview

Dry periods and global change
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Main characteristics

• Diverse forests with complex forest structure: 
 Mixed forests
 Different site conditions (climatology, geology, physiography)

• Multifunctional forests: timber and non timber production, 
biodiversity, landscape, environmental functions, etc. 

• Affected by perturbations (forest fires, mainly)

• Vulnerable to climate change and hydric stress 

• Long history of uses, harvesting and human activities

* COMPLEX FOREST MANAGEMENT

Wich is the challenge? How to manage this 
complexity? Some ideas ....

• “Adaptative forest management” and “ecosystemic forest 
management”, for the management of complex and diverse 
forest ecosystems.

• Forest management models and guidelines may vary, 
depending on the stand characteristics and objectives and 
they may vary, also, through time. 

• “Multifuntional forest management”, based on the 
identification of forest types and their vocations, as a basis 
for prioritizing objectives and make them compatible

• Integration of forest fire risk in forest management and 
planning (forest fires main perturbation in Mediterranean 
ecosystems)
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CPF, DAAM, DI, 

15 working groups 

ORGEST: Sustainable Forest Management Guidelines for 
Catalan Forests (2006-2015)

Project Funded by the Center of Forest Ownership of the Catalan Government

FMG aim of:

a) increasing growth, vitality 
and timber production, 

b) create forests more 
resistant and resilient to 
fores fires

c) integrating mixed forests.  
Objectives of FMG

- Bridging forest planning instruments at regional level with instruments at 
forest stand level

- Ensuring ecological and socioeconomical value of forests in actual 
context of global change 

-Giving technical information for an efficient achieving of management 
objectives and efficient resources allocation

We have worked in the development of tools for Fire risk

assessment at stand level (CFHC)

(to asses vulnerability of forest stands to generate crown fires)

As a basis for:

- Providing specific FMG with the 
objective to reduce crown fires hazard, in 
areas specially susceptible to large 
wildfires.

- FMG are required to be easy to 
implement, efficient in terms of Large 
forest fires (LFF) risk reduction and 

economically sustainable.

Integration of wildfires in FMG
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Background
Types of fires in relation to the fuel involved in the 
propagation

Active crown fires

Passive crown fires

Surface fires
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BackgroundBackground
• Fire behaviour:

– Meteorology
– Topography
– Fuel

• Four basic principles to modify fuel and create fire 
resistant forests:
– Reducing surface fuel loads
– Increasing height to crown base
– Decreasing crown density
– Keeping bigger trees to increase forest resilience

Agee and Skinner, 2005
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Crown fire hazard chart (CFHC) for main forest species
in Catalonia

Expert opinion approach

Design and development
of CFHC

Definition of fuel types,
selection of silvicultural variables

and threshold values

Verification of CFHC in the field

(Piqué et al., 2011)

Methodology Integration of wildfires in FMG
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MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia

- Expert opinion approach

Definition of fuel types,
selection of silvicultural variables

and threshold values
Questionnaire

1. Indicate how you would design a CFHC with the limitations
and assumptions explained before. In order to help you,
dichotomic keys designed by Menning and Stephens (2007)
and Farnestock (1974) are shown.

2. Key variables for characterizing stand’s hazard to crown
fires. At the stand scale, and considering only fuel: In which
aspects you pay more attention to determine stand hazards
to crown fire?

3. Indicate for each of the variables you mentioned in
question 2, values or intervals associated with high,
moderate or low hazard to crown fire.

MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia

– Fuel type definitions

AERIAL FUELS
Aerial fuel layer containing crowns of the tallest 
trees (dominant and co-dominant).

LADDER FUELS
Low aerial fuels of height higher than 1.30 m 
which are not contained in the upper aerial fuel 
layer. Includes small trees, tall shrubs, fallen 
trees or lower parts of the tree canopy.

SURFACE FUELS
Stratum up to not more than 1.30 m. Includes 
shrub, saplings, herbaceous fuel, branches, 
fallen trees, slash or lower parts of tree canopy.

0-1,30 m

>1,30 m

Upper canopy of 
tallest trees 

(dominant and 
codominant)
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MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia
Structural/silvicultural variables selected by experts

Horizontal continuity:
Percentage of aerial cover (%)
Percentage of ladder cover (%)
Percentage of surface cover (%)

Vertical continuity:
Height of surface fuel (m)
Distance between surface

and ladder/aerial fuels (m)
Distance between ladder

and aerial fuels (m)

MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia
Expert opinion approach

Design and development
of CFHC

Definition of fuel types,
selection of silvicultural variables

and threshold values
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MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia
Expert opinion approach

Design and development
of CFHC

Definition of fuel types,
selection of silvicultural variables

and threshold values

Verification of CFHC in the field

 

MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia

– Verification in the field
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ResultsResults
• Crown fire hazard chart for Pinus halepensis

B1 Passive crown fire
Ladder fuel cover: >70%
Surface fuel heigh: 0-0,5m
Avg. distance surface-ladder: >3,5m
Avg. distance ladder-aerial: any
Aerial fuel cover: >70 %
Surface cover: >30%

A1 Active crown fire
Ladder fuel cover: >70%
Surface fuel heigh: 0-1,3m
Avg. distance surface-ladder: <4,5m
Avg. distance ladder-aerial: <5m
Aerial fuel cover: >70 %
Surface cover: any

C3 Surface fire

Ladder fuel cover: >70%
Surface fuel heigh: 0-0,5m
Avg. distance surface-
ladder: >3,5m
Avg. distance ladder-
aerial: any
Aerial fuel cover: >70 %
Surface cover: <30%

A

B
C

GRAF
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MethodologyMethodology
• Crown fire hazard chart for main forest species in Catalonia

– Expert opinion approach

Design and development
of CFHC

Definition of fuel types,
selection of silvicultural variables

and threshold values

Verification of CFHC in the field

Integration of results for
the elaboration of the
silvicultural models

ResultsResults
• Silvicultural models to reduce crown fire hazard
• TWO TYPES:

– Definition of punctual treatments
• Searching for C-structures

– Long-term treatment planning
• Keeping C-structures from establishment to regeneration
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ResultsResults
• Definition of punctual treatments

ResultsResults
• Long-term treatment planning
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-Tool for assessing 
vulnerability of forest stands 
to generate crown fires

Actual tools for forest managers and forest 
owners to support their decisions

14
a

14
b

14
c

14
e

14
d 15

14

B3

B4

B4
A6

C2

A3

B3

RESULTS: Crown fire hazard charts

Piqué, M.; Castellnou, M.; Valor, T.; Pagés, J.; 
Larrañaga, A.; Miralles, M.; Cervera, T. 2011. 

http://ags.ctfc.cat/?p=649

Type1 Type 2 Type 2.1 Type 3

Pinus halepensis Pinus sylvestris
Pinus nigra
Pinus uncinata
Pinus pinea
Pinus pinaster

Pinus pinea y Pinus
pinaster with a
substrate of pine-
needle and leaf litter

Quercus suber
Quercus ilex ilex
Quercus ilex ballota
Quercus humilis
Quercus faginea
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Example for Pinus sylvestrisExample for Pinus sylvestris

– Ranked as:
• A (high vulnerability to 

active crown fire), 
5 types A

• B (moderate, passive 
crown fire), 
14 types B

• C (low, surface fire), 
12 types C

Crown fire hazard charts for P. sylvestris
– Total of 31 types of forest structures

Definition of treatments

• Information about the types of forest structures 
(A, B or C) serves us to:

1) Identify stand crown fire hazard

2) To orientate forest management to create fire 
resistant structures that facilitate fire extinction tasks

3) Provide managers with numerical data to help in 
fuel management decision making processes
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Integration of fire risk: promoting forest structures 
resistant to crown fires that facilitate fire fighting

To increase resistant of forest to LFF, we suggest following principles:

- Treatments to reduce forest fuel should be in strategic areas facing the
prevention and suppression of forest fires at the mountain scale.

- Treatments should cause changes in forest structure and
influence fire behaviour in the desired way.

- Treatments should take into account the natural dynamics and are based in
adaptive management.

- Minimal intervention treatments, low cost and its effect should last a
maximum time.

What are the target forest structures?
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Example of application Silvicultural guidelines 
and treatments to reduce forest stand 

vulnerability to crown fires

Example of application Silvicultural guidelines 
and treatments to reduce forest stand 

vulnerability to crown fires

• Basin of Rialb river (Prepirenees) 
– Baronia de Rialb (la Noguera)
– Pinus nigra forests

PEG (strategic point) GRAF, CPF

Strategic points of
Management:
- Create resistant forest 

structures to crown fires

- Create forest structures 
that can alter forest fire 
propagation, and facilitate 
extinction tasks

• Forest type

• Forest stand structure 
(variables N, G, Dm, 
Do, Hm, Ho)

• Crown fire hazard 
classification 
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Definition of final forest structuresDefinition of final forest structures

C10
Fcc 50-70%
Ds-a <4 m
RCS <30%

C9
Fcc >70%
Ds-a <4 m
RCS <30%

RCE <25%

B6
Fcc >70%
De-a <5 m
Ds-e <3 m
RCS <40%

B13
Fcc 50-70%
Ds-a <4 m
RCS >30%

RCE 25-70%

Inicial forest structures Final forest structures (goal)

B7
Fcc 50-70%
De-a <5 m
Ds-e <3 m
RCS <60%

RCE <25%

GRAF
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Definition of treatmentsDefinition of treatments

• Reduction of ladder fuels (<25%)
– Eliminate urderstory superior to 1,3 m
– Eliminate dominant trees with crowns in contact.
– Keep small trees (priority Quercus sp.), where there is 

no other trees around and no problem of vertical 
continuity

• Reduction of surface fuels (<30%)
– Selective clearings

• Management of slash originated in the treatments
– Cut the slash with diameter > 5 cm in pieces 0,8-1 m 

long. Distribute the slash on the floor 
– Prescribed burning

 

“Lesson learned”
Implication of forest sector (forest owners, forest 

managers, firefighters, administration, researchers, 
industry) in the process

“Challenges”

Implementation, Divulgation, Demonstration, 
Capacity Building  and specialization, Forest 

valorisation, Forest policy
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ORGEST Publications FMG for most 
important forest 
types in Catalonia, 
covering the 87% 
of the forest 
surface (pure and 
mixed forests):
13 books published  

http://ags.ctfc.cat/?p=649

Forest Management 
Guidelines  

+ 
Code of good practices

Tools for practical 
diagnosis 

of forest stands

Contact: 

miriam.pique@ctfc.cat

Thank you for your attention 
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