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Instituto Superior de Agronomia- Centro de Estudos Florestais
School of Agriculture - Forest Research Center

The largest and most qualified school of graduate and post-graduate degrees in the Agricultural Sciences,
in Portugal.

@ ° It has about 1900 students in graduate and undergraduate programmes, a faculty of 116 teachers and 70
Researchers.

g + Located in the heart of Lisbon, Tapada da Ajuda — an Environmental and Botanical Park with about 100 ha
« Amphitheatre of Stone, the Belvedere, the Garden of the Parada, the Rugby field, the Astronomical

Observatory, the Exhibition Pavilion, the Auditorium of Lagoa Branca, among others.

* Forest Research Centre (CEF) is a research unit of the ISA, and a FCT - funded member of the national R&D
system.

* CEF has g5 researchers, 43 doctoral students and 10 research assistants.

* Theresearch is organized in four Research Groups:

- Centro
‘ e de Estudos .
Florestais
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(Source: DGCI, 2006 in ENF, 2015)
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Multiple use of the forests and Ecosystem services




“Forest management involves the use of forests to meet the objectives of landowners and society. A
forest manager is the cathalist of this effort.” (Davis et al 2001)

"Forest management can involve the application of silvicultural practices so that a forest remains healthy

and vigorous. Choosing the timing and placement of activities is the main task of forest planning”
(Heiligmann, 2002)

“Forest management is identifying and selecting management alternatives for forested areas, large and
small, to best achieve the objectives of the landowner or landowners, given their resource constraints and

within the constraints of the law and the ethical obligations of the landowner and the forester to be
responsible stewards of the land” (McDill, 2012).

“"Forest management involves the integration of silvicultural practices and business concepts (e.g.,
analyzing economic alternatives) in such a way as to best achieve a landowner’s objectives. Management
of forests requires a plan (however developed), and an assessment of the activities necessary to meet the
objectives. In addition, a recognition of the important ecological and social concerns associated with a
forest may influence the character and depth of a plan.” (Bettinger et al 2009)
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Wildfires since 2012

About 43% of the total CSA area was burned (6 422 ha)

VALONGO

2012

2015

2016
2017

Total

421

322

11

1706
3963

6422




aFMM - Motivation

Stronger planting restrictions on eucalyptus, and thus the

. o R . Lei n.® 7772017
forest owners are looking for native alternative species for P
wood productlon Primeira alteragdo a0 Decreto-Lei n.° 9612013, de 19 de julho,

que estabeiece o regime juridico
aplicavel as agdes de arborizagao e rearborizagao
A Assembleia da Republica decreta, nos termos da

Forest mosaics diversification with natives species alinea c) do artigo 161.° da Constituicio, o seguinte:

broadleaves could be a positive contribution/help to reduce
fire and diseases risks.

Artigo 1.°
Objeto
A presente lei procede a primeira alteragdo ao Decreto-

-Lei n.° 96/2013, de 19 de julho, que estabelece o regime
juridico a sue estdo sujeitas, no temitorio continental, as

agdes de

Interested in the supporting and regulating forest cres forestais.

ecosystem services

n

do e rearborizagdo com recurso a espé-

Artigo2°
Ah&lﬁ.uDﬁrﬂ.—L&'l 96/2013, de 19 de julho

Os artigos 2.° a 15.°, 19.° e 22.° do Decreto-Lei
°96/2013, de 19de_]u1ho passam a ter a seguinte re-

dagdo:

«Artigo 2.°
[-]

The 2017 catastrophe prompted policy
decisions to address prevention




Actor analysis:
Face-to-face interviews

b 4

Preferences ranking: y ' . Cognitive mapping:
Final results analysis with 4 : actors' criteria and

actors & follow-upto DSS : h objectives
- : '

<

Online Survey: " Work "behind-the-scenes":
(Web-Delphi in 3 rounds) . Designing a value tree model
preferences elicitation X e 7 & preference surveys




There’s a little area in the case study that is occupied by
pure stand but there’s no management;

Large demand of maritime pine wood;

The CSA has excellent technical conditions and there a
lot of technical knowledge available;

(florestar.net, 2018)

Provides incomes resulting from thinnings.




N. of simulated MU’s: 1 176;
Area: 13 040 ha;

Growth model PINASTER
(even-aged and 1-year time
step) implemented in
StandsSIM-MD (Barreiro et
al. 2016)

Ecosystem services targets

Native species

Timber

Resin (non-wood product)
Biodiversity

cultural services
Recreational areas

O 07 @O F O Y0

Plantation

Pre-commercial
thinning

Commercial
thinning
(periodicity)

Tappin resin

Clearcut (age)

1111 trees/ ha (3 x 3)

15 years
(remove 30-40% of trees)

Each 10 years (25 — 45)
based on wilson factor =
0.27

dbh >20cm

35, 40, 45, 50 years



Pedunculate oak is a good alternative for abandoned
agricultural land, where the soils are fertile and deep with
good water availability;

Stronger planting restrictions on eucalyptus, and thus the
forest owners are looking for native alternative species
for wood production;

Forest mosaics diversification with pedunculate oak and
other broadleaves could be a positive contribution/help
to reduce fires and diseases risks.




Number of simulated MUs: 701;
Area: 6784.86ha;

Selection of MU with fertile and deep soils;

Empirical growth and yield models integrated in SimGaIiza,
developed in Spain for Galicia (Gomez-Garcia et al. 2015, 2016)

Plantation 1600 trees/ ha (3 x2)
= Native vegetation Pruning 23 years
T pe .
ngh qualltlty timber Pre-commercial 18 - 22 years

biodiversity thinning
cultural services

Commercial 13 m (25 — 29 years)
= Resistance to wildfires thinning 16 m (35 — 39 years)
| 8 (periodicity) 18 m (43 — 47 years)

Clearcut (age) 40, 50, 60 years




FMM7 — Pure cork oak

Existence of several spots with spontaneous regeneration of
the two climax oak species (Q. robur and Q. suber), suggesting
that with proper guidance they could succeed and gradually
replace mixed stands with pine and eucalyptus;

Franga
3%

65.228 HA

Stronger planting restrictions on eucalyptus, and thus the
forest owners are looking for native alternative species for cork
production;

sete e o
e-?‘* Argélia

736 775?01 ‘%&9&? 1%

230.000 HA Fers
Tunisia

4%

Forest mosaics diversification with cork oak and other
broadleaves could be a positive contribution/help to reduce
these fire and diseases risks.

(florestar.net, 2018)




FMM7 — Pure cork oak

Number of simulated MUs: 693;
Area: 6597.46 ha;

Selection of MU with fertile and deep soils; t ¥

SR

Growth and yield model SUBER Vs5.o currently available in the

sIMfLOR Platform (Faias et al. 2012).

Plantation

Pre-commercial

= Native vegetation thinning

= Cork Commercial
= Biodiversity thinning

= cultural services 1+ debarking
= Resistance to 2" debarking

wildfires 31 debarking

1600 trees/ ha
(3x2)

15 years

30, 40, 58 and
76 years

30 years
40 years

each 9 years



FMMS8 — Riparian systems

Is not focused on the supply of wood but in:

alluvial ecosystems sustainability
nature conservation

watershed management
provides carbon stock storage —
assist water resources (filtration and purification in Waterlogged soils)
root system helps to control floods and stabilize riverbanks

= Mainly a lentic system located in

depressional areas of the Vale Sousa Number of simulated MUs: 60;
o CSA, Area: 100,29 ha;
- _ _ _ « dominated by :
Y ] v" on soils subject to frequent flooding v Alnus glutinosa
:“ T and saturation, v'Salix atrocinera
%Sd"imwk ,%ﬁmwwgwmmm . ‘/ or W|th markedly |mpeded dra|nage \\;SGIIX alba e
with different levels of connectivity Fraxinus angustifolia

with the fluvial network v'Populus nigra



aFMMs — IIASA scenarios CoHEDaH

Produtivity- NPP
FMMs 1. Challenge (8C m2 ano™)

= |t is not feasible to use a process-based model to project the growth of
Maritime pine and pedunculate oak

Productivity —
1. Approach AMA (m3 ha*
ano1)

=  Qur timber projections and pine-related products such as resin I:> empirica!
growth and yield models :

scenario REF = 10% productivity
scenario BIO =6,76%
scenario GLOB =4.75%

2. Challenge

= |tis not feasible to use a process-based model to project the growth of cork
oak, dominant production is based on cork extraction

2. Approach

= adjustments on cork projections by empirical growth and vyield
models. scenario REF = 19% productivity
scenario BIO =12,8%
scenario GLOB = 9%




Multiple use of the forests and Ecosystem services

How to quantify them?

- Growth andYield models
(eg. 3PG, Globulus,...)
- Indicators
(eg. Wildfire resistance, biodiversity)

- Indexes ( eg. RALF index)
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C-Components of the harvested wood

Carbon assessment
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A=R*K*LS*P*C

o Cfactorreaches its maximum value when the CCis equal to “o"” (no vegetation
protection, and high risk of erosion)

o its minimum value when the CCis equal to “1” (soil is fully covered by vegetation)




0.67 m"5=0, 0.3 = 1. linear

0% =1, 10% = 0, linear

0m*3tm=0,2m"3ha=1
Linear

R

T

Change in forest location {aforestation.
deforestafion)




Rit = (2 — Pburn * Psd * Pdead)

Most vulnerable
High to medium vulnerability

Medium vulnerability
Medium to low vulnerability
Least vulnerable

[0.394140452; 0.958784542]
[0. 958784542 0.977027132]
[0. 977027133; 0.989945805]
[0. 989945806; 0.998424741]
[0.998424741; 1]

0.394140452
1.000000000



After stand design and simulation of decision spaces

1.cFMM and aFMM (FMMs, 6, 7 and 8) simulation for all stands '

4 2018
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3. Mathematical model building

J-1
v i
Z pinewx; =Pinell, t=1..T
Ry
N M
> > eucalyptwyx; = Eucalyptlf, t=1.__,
PR

N oM
ZZchesmur%pcﬂ- =ChestmutTf] r=1...T
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—_—re 3

4

4. Ecosystem services tradeoffs analysis



M; .
Z}zilxq = ;1= 1‘Ilr ,N

Zi12fleucalypfwijtxij = EucalyptWy t=1,...,

12 r:hestnwtw”,tjl:”r = ChestnutWy t=1,.

N M;

> 2, corkAyx;= CORKA, t=1, ...

i=1j=1

[ ZN M _jcarbijexij = Carby t=1,.., T ]

i=1
N ZMI’
E j=12i=1 npvf}-xf}- = NPV

N
3—' i1 lcs,}x” =C

E:;lpineWg = PineSawlogs
ETzlEucalyptWt = Eucalypt Pul pwdod

Z;r ChestnutW; = ChestnutSawlogs
[ T Carbt

B2

N M;

z 2 conesyxy; = Cones, t =1, . ..
i=1j=1




and reduce

risks by modified FMM?

= What can we do to meet demand,
safeguard biodiversity,

After stand design and simulation of decision spaces

0

Source: DGT (2015); ICNF (2017); APA (2016)
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Our DSS - WebSADfLOR
| saDfLOR

N —— A Web-B3
ral sed Fo
RESO Urces Dectsioﬁzzgﬂn System

Bem-vindo ao SADFLOR

LI ?‘ 1 I T—L J-T ) » Foi incorporada uma nova
( SUPERIOR B o sSADFLOR & um sistema de apoio 3 decisSo e gestio vers3o de anslise grifica.

:‘\GRON?HI#& Florestal baseade na Web. Maore... b B e
: de gestZo: Vale do Sousa.

Utilizador: | | » Foi incorporada uma
= ferramenta para mostrar

ﬂ Palavra-passe: | | fronkeiras de Pareto.
| Entrar || Registar | | Seleccionar idioma v |

Centro - =
‘ e Eatucdos Tecnologia do Google Tradutor

7S https://sadflor.isa.ulisboa.pt/ISA3/PHP/inicio.php

-1

-

b o 1B



The DSS architecture

/ Management \

information module
(GIS + Databases)

Inventory, climatic,
spatial data

Costs and Prices

Simulation outputs

e

Input data for
simulations

E—
——

Simulation
outputs

User

g

Interfaces

[ Graphical User

( Prescription \

generator module

Prescription

writer

Growth and
yield model

N

Simulation
outputs :

——>

Production
and
Economic
indicators

J
a\\ @
Z\\ B
o\
—“\\ 0
®,
>,
B

/ Decision module \

Management

model
generator

Management
model

\ 4

Optimised
results

Gesults visualisation\

and reporting module

Report

Graphs
Tables

\

Process-based models

= Wood Quality models
= Risk and damage models...

I

¢ Different mathematical
techniques are implemented

38



Preferences ranking:
Final results analysis with

actors & follow-upto DSS 4

Online Survey:
(Web-Delphi in 3 rounds)
preferences elicitation

Actor analysis:
Face-to-face interviews

=T

Cognitive mapping:
actors' criteria and
objectives

~ Work "behind-the-scenes":
Designing a value tree model
& preference surveys
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Multicriteria
Decision
Analysis

1
J

Decision makers

intervention
level

A priori

Progressive
articulation of
preferences

Number of
decisions

A posteriori

s

Preferences
Modeling

2
Uncertainty in

criteria
definition

N. of entries
and/or results
obtianed

GQUANTITY OF ITEM 2

Vilfredo
Pareto

QUANTITY OF ITEM 1

Retorm Esparads
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=  Trade-offs between wildfire risk
and the supply of provisioning
(timber) as well as regulatory
(carbon) ES

Marques, S.; Marto, M., Bushenkov. V., McDill , M. Borges . J.G. (2017) Addressing Wildfire Risk in Forest Management Planning with Multiple Criteria Decision Making Method.
Sustainability, 9, 298; doi:10.3390/5U9020298



BAU _aFMM

REF _aFMM

Assessment of ES — After selecting a management plan

BIO _aFMM
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aFMM Soil Erosion

Moderate

oordinate system: ETRS89 PT TMOG
Source: DGT (2015): APA (2016)
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Legend

aFMM Fire Vulnerability

Il - Most vulnerable

B 2 - High to medium vulnerability
[0 3 - Medium vulnerability

i 4 - Medium to low vulnerability
[ 5 - Low vulnerability
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Legend
aFMM Fire Vulnerability
1- Most vulnerable
2- High to medium vulnerability
[0 3- Medium vulnerability
I 4- Medium to low vulnerability
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I 5 Low vulnerability
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aFMM Fire Vulnerability
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B 2- High to medium vulnerability ROUCH
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landscape-level




Methods and tools to
support forest management
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