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Abstract

This document reports the presentations and discussions that were held during the workshop
organized by WP2.5 in Villanova, Spain. The workshop had three objectives: 1) to analyse
the forest growth models available for each one of the Reference forests, in order to assess
how well the existing models predict the EFORWOOD sustainability indicators selected in
D2.5.2 that can be estimated, either directly or indirectly, with models; 2) to discuss
methodologies for the implementation of the selected models into regional simulators; 3) to
discuss the methodologies that are planned to improve the existing European simulator
EFISCEN and to analyse the possible links and contributions of the WP2.5 partners to
EFISCEN. The present document includes the minutes of the workshop and the presentations
made during the meeting which were the basis of our discussions.
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Executive summary

During this workshop, we clarified questions about the use of growth models in regional and
national simulators. First we reviewed terminology concerning forest modelling tools. We
agreed about some definitions and about the fact that description of available models should
be improved. It was decided that the models should be described in the IEFC database after
some modifications, proposed during the workshop, will be made on the database. Second,
every partner made a presentation about the selected reference region and the models
available.

To start the discussion about simulators, inputs for models were examined. They can be
constituted by NFI data; two examples were discussed, in Aquitaine region (France) and
Baden-Wirttemberg (Germany). These examples highlight problems linked to the use of this
type of data and possible solutions, as correctives functions, or plots aggregation to deal with
discrete information. Solutions for using NFI data as inputs for models and regional
simulators will probably be local as data and protocols are heterogeneous, depending on
country.

The discussion about regional simulators was centred around two demonstrations, the regional
simulators developed for Catalonian forests and the landscape simulator/decision support
system developed in Portugal for application at the management unit level. After some
discussions around the methodologies that must be used for the development of simulators it
was decided that it will be possible to have different simulators in EFORWOOD. It will be
good if partners using similar models will develop common systems, but there is no
requirement about the methodologies selected by each partner. The only requirement is
towards the main functionalities as outputs and links to ToSIA. They should also have
common capacities to simulate various scenarios and to produce values for indicators.
However all the indicators will be not predicted by every regional simulator, but these tools
will help us to identify the possible follows and improvements needed. Simulators should be
considered as a valuable method to evaluate the European simulator EFISCEN at the regional
level. In this way, the most important thing for EFISCEN is to develop for it volume growth
functions.

The present document is constituted by the minutes of the workshop and the presentations
made during the meeting which were the basis of our discussions.

Key words: growth models, regional simulators, EFISCEN, input data, NFI data,
improvement, scenarios, indicators’ values, volume growth functions.
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1 Introduction and background

The workshop on "methodologies to improve and extend models for forest sustainability
analysis” was organized in the sequence of previous work that identified the indicators of
sustainable forest management that can be estimated with the models (Tomé et al., 2006). The
objective of the workshop was the planning of the work to be undertaken in order to improve
the selected forest models to be able to provide estimates of the indicators selected in Tomé et
al. (2006).
The workshop had five sessions:
1. Discussion of terminology to be used under WP2.5
2. Presentation of the models and regional cases
3. Discussion on the development of simulators

a) Input data for simulators

b) Regional simulators

c) European simulator (EFISCEN)
4. Planning of future activities

The list of participants is included as annexe 1.

2 Discussion of terminology to be used under WP2.5

The subject was initiated with a presentation by MT (annexe 2).

Summary of the presentation and related discussions:

- Introduction and objectives of the workshop.

- Discussions about definitions and terminology related to the forest modelling tools:
state variables, driving, principal and derived variables; forest growth models, forest
growth models modules, sub-modules and components; stand, landscape and regional
simulators; decision support systems. Modifications made directly on the ppt file.

- Discussions about the framework for description of models that will be used in the
regional simulators: the excel sheet should be modified and resent to the WP partners
before the end of the current month (February). IEFC database is too flexible, we need
a more strict form to describe the models. Possibility to develop our own database?

Decisions:
= Corrections on definitions and terminology (already included in annexe 2)
= Framework for models description: modifications according to previous forms,
more strict forms needed, improved forms will be re-sent to all WP partners,
assumptions made for models building will be added as information in the
references
= Deliverable 2.5.2 should include all the details discussed.
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3 Presentation of the models and regional cases

The objective of the presentation made by each partner was to briefly describe the region, the
models that will be used in the regional simulators, identifying the need for improvement in
order to assess the indicators selected in PD2.5.2 as well as the planned improvements. The
implementation of the models into regional simulators should also be indicated.

3.1 Portuguese production forest region (MBC, SB and PS)

- Description of the Portuguese production forest region (presentation in annexe 3):
Main species are Eucalyptus globulus, Pinus pinaster, Quercus suber that occur
mainly as pure stands; mixed species stands are also present, eucalyptus and pine are
mainly even-aged but uneven-aged structures occur for the three species

- Forest growth models: Globulus 3.0 (whole stand model for eucalyptus), GLOB-3PG
(process-based model for eucalyptus); Modispinaster (whole stand model with
simulation of diameter distributions for maritime pine), Suber (individual tree model
for cork oak, also predicts cork yield)

- Planned improvements on models: development of a sub-model for biomass prediction
in maritime pine, as well as a sub-model for initialization after clearcut and/or in the
plantation of new areas. Development of economic models for eucalyptus and
maritime pine

- Weaknesses detected on models: For all models: non-wood goods (except cork) and
forest damage are not predicted.

- Problems anticipated for simulators: predicting growth of mixed stands as the models
available were developed for pure even-aged stands

- Simulators: stand and regional simulators are available but there is the need to
improve them, namely to add modules for the estimation of indicators that can be
indirectly estimated.

3.2 Maritime pine in Aquitaine-France (CM and MN)

- Description of the Aquitaine region (presentation in annexe 4):
Main species is maritime pine, even-aged stands, stands are more and more planted
compared to seedling and natural regeneration

- Forest growth models: 4 models for Maritime pine: 1) the whole stand growth model
PP1 for south-western of France except the coastal dune area, 2) the whole stand
growth model of Lemoine for coastal dunes, 3) the Afocel growth model and 4) the
individual tree growth model PP3 for south-western of France except the coastal dune
area with the Capsis 4 stand growth simulator. Some additional models exist: biomass
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model per compartment, carbon content, wind throw risk model, partly branch, fibre
and solid wood models.

Planned improvements on models: development of branch and wood quality models.
Weaknesses detected on models: not presented at the workshop

Problems anticipated for simulators: NFI data has been used: to calculate difference in
carbon balance between 2 national inventory dates; however the use of these data as
input for the simulators is not straightforward, needs corrective functions

Simulators: regional simulator must be developed under EFORWOOD

Baden-Wirttemberg in Germany (JZ, PD and KT)

Description of the Baden-Wirttemberg region (presentation in annexe 5):

Most stands are pluriespecific, even-aged and uneven-aged stands

Forest growth models: Extrapolation of NFI data with the WEHAM model (distance-
independent tree model, plot/stand level)

Planned improvements on models: The intended improvements on this model are
closely related to its weakness described below. At present the growth potential is
predicted according to yield tables developed for the region. However, diameter
increment is not directly related to stand density or other competition measures. Thus,
it is planned to include a diameter growth model sensitive to stand density in order to
model the impact of alternative forest management regimes.

Weaknesses detected: No dependency of diameter growth to competition or density
measures included in the model. The model is developed in order to predict the timber
flows coming from a region for a period of 30 years which is only about one third of
the common production period for Norway spruce and about one fourth for European
beech, respectively.

Problems anticipated for simulators: Available data for input are NFI data (Bitterlich
plots). There are problems due to differences in protocols between German regions,
particularly the size of the grid. The number of plots is high (ca. 13000) but each plot
contains few trees, corresponding to a discrete information. It is a problem to use these
data for models and optimization. A solution may be to aggregate plots to create an
“artificial stand”, but the method for aggregation is not yet defined.

Simulators: There is no regional simulator readily available. The presented model
might serve as the basis to develop a simulator within the EFORWOOD project. In
this matter it has important advantages since it is already linked to an assortment
model and thus allows for basic economic calculations. However, it is required that
the addressed weakness in regard to properly reflect alternative silvicultural operations
IS overcome.
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3.4 Westernbotten in Sweden (EV)

3.5

3.6

Description of the Vé&sterbotten region (presentation in annexe 6):

Main species are Pinus sylvestris, Picea Abies and Betula Pubescens, mostly in stands
dominated by one of the species; mixed species stands are also present in the region.
Detailed description of volume, area and wood production for main species in this
region is given on annexe 6.

Forest growth models: Models are available for all the species and forest types, both
stand models and distance-independent individual tree models

Planned improvements on models: Models for recreation, habitat suitability, climate
change, soil carbon and wood quality will be implemented in the new simulator
Heureka during 2008 and 2009.

Weaknesses detected: Risk and effects of forest damages are not implemented in the
simulators, i.e. models for storm, wind, insects and fungi.

Problems anticipated for simulators: All new models not completely tested and ready
to use in the simulator until 20009.

Simulators: the models for forest production have been implemented in simulators, the
HUGIN and the HEUREKA systems

Catalonia in Spain (JJG and MP)

Description of the Catalonia region (presentation in annexe 7)

Main species are Pinus sylvestris, Pinus halepensis and Quercus ilex. Wood is not the
main forest product, others services as hunting, mushrooms are very important.

Forest growth models: growth and yield models development was based on NFI data,
therefore all the forest types are covered. The approach is an individual tree and stand
level approach. Additional models exist: fire risk model (occurrence and damage),
mushroom yield model, biomass, scenic beauty.

Planned improvements: take into account fires to limit the overestimation of growth;
moment method to obtain diameter distribution.

Weaknesses detected: habitat suitability, timber quality, water quality...

Problems anticipated for simulators:

Simulators: forest growth models are implemented into the regional simulator ESCEN
that projects each individual tree plot. The decision support system RODAL, that uses
a distance-independent empirical tree growth model for pluriespecific forest, is also
available.

Scotland (MDL)

Description of the Scottish region — Craik forest (presentation in annexe 8)
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Main species is Sitka spruce, even-aged stands predominate in the area. The simulator
will also consider Scots pine, Lodgepole pine and Birch

Forest growth models: Forest Yield - a set of stand level models suitable for even-aged
stands and originally produced as ‘look-up’ tables

Planned improvement on models: adapted to allow greater flexibility in interpretation
Weaknesses detected: difficulty in modelling and/or irregular stands

Problems anticipated for simulators: Linking to GIS based landscape simulator. Also
weaknesses noted above

Simulators: a landscape simulator for the forest is available for the Craik forest, a GIS
based modelling tool that emphasises the relations between forest management and
indicators (economic, environment, social). The example presented shows a study of
the relations between forest management and presence of an endangered species, the
red squirrel, (environmental indicator), the recreation (social indicator) and the timber
value (economic indicator).The system allows the study of factors which allow the
scattering of the red squirrel, by mapping habitat suitability (connectivity), prediction
of potential density of animals. Recreation is studied by mapping intensity of
frequenting areas and roads by people. The tool also provides timber value: yield
classes, elevation, soils, forecast volume of Sitka spruce, diameter classes, minus by
costs, ...

Oak in Lorraine region (JPS and JFD)

Description of the Oak in Lorraine region (presentation in annexe 9)

Main species are Fir, Spruce, Beech and Oaks

Forest growth models: growth and yield models with stand growth and individual tree
growth models (Fagacées)

Planned improvement on models: growth data from both regions are being used to
improve existing models

Weaknesses detected: not yet defined

Problems anticipated for simulators: not yet known

Simulators: not existing at this time but a simulator for the Lorraine region will be
developed under EFORWOOD

4 Discussion on the development of simulators

After the presentations describing the reference regions as well as the models available, the
discussions were focused on the development of simulators. Several problems were discussed,
namely:

- How to use NFI data as input for the simulators

— Which variables should be used as drivers

- Methodologies to develop regional simulators

- Methodologies to improve the European simulator EFISCEN
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As a starting point to the discussions, two presentations/demonstrations were done by
Portuguese (JB) and Catalonian (AT) partners.

4.1 Presentation/Demonstration of the GEIS and SADFLOR simulators

(JB)

Presentation of the Generic Environment Impact Statement (GEIS): a DSS example used
for Minnesota. It uses Hoganson-Rose model (Lagrangian relaxation): breaking down of a
complex problem into sub component.

DSS SADFLOR (demonstration): it is a landscape simulator, each individual stand is
locally identified into a GIS system. Several management alternatives are simulated for
each stand and several optimization algorithms can be used to select the best alternative to
each stand in order to achieve pre-determined objectives (maximization of net present
value, for instance) while satisfying a certain number of restrictions (maximum and
minimum volume harvest, maximum area of harvest, etc). The processes are at stand level

4.2 Presentation/demonstration of the ESCEN simulator (AT)

Presentation of the ESCEN simulator, developed in collaboration with NFI services.
Permanents plots allow the development of individual tree models. For each plot, it can
visualize each tree.

Possibility to visualize the state at the inventory date and future state according to
silvicultural options.

Simulations can be performed according to scenarios at stand level.

Fire models also included.

This simulator is not able to propose scenarios according to target values as annual
volume to cut for instance (it is not an optimization approach): they have to test various
scenarios and compare them.

4.3 European simulator (EFISCEN)

Presentation by IW (presentation in annexe 10):

Input data for the new EFISCEN are country or regional level data. Data should be
spatialized through a 1 km x 1 km grid. Data sources are plot data all over Europe: NFI
plots and ICP level I plots. The grid is translated into maps of tree species based on plot
data and ancillary data as elevation, soil map, average rainfall. Regression and kriging are
being considered as a means to spatialize the data. Each species presence is predicted. In
each cell, presence/absence for species.

Demonstration: mapping per species with NFI and ICP data, presence/absence, randomly
remove 10% of the data for validation. The map showed contains some errors as Abies
species in Aquitaine! Locally in each cells, the results show some errors but globally the
distribution is ok. Prediction of tree number and mean diameter on each cell for even-aged
forests from inputs as age and volume is being explored.

10
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5 Conclusions

At the end of the workshop some conclusions, decisions for the future could be found:

- The models selected to be used in the regional simulators should be described in the IEFC
database that must be modified according to the conclusions of the workshop. Deliverable
D2.5.2 (Tomé et al., 2007), about to be finished, should include a detailed description of
the structure of the database.

- There is no need to standardize the regional simulators in what concerns methodologies.
But the development of common simulators between partners who use similar models is
highly desirable. The standardization among regional relates to outputs and links to
ToSIA and also with the possibility to simulate various scenarios and to produce values
for indicators.

- Concerning indicators there is not possible to cover all indicators with every regional
simulators. The idea is to include as many indicators as possible in the regional
simulators. However some indicators, more difficult to estimate, will be exemplified in
some cases such as Scotland and Catalonia. One objective for the development of regional
simulators is the identification of the indicators that are possible to estimate and plan the
research for the future.

- We consider the regional simulators as a valuable method to evaluate EFISCEN at the
regional level. The methodology to be used to improve EFISCEN is not yet definitive
therefore the contribution of the partners to it has not yet been defined. One idea will be to
use local data to develop volume growth functions that can be used for EFISCEN.

6 References
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the forest modelling tools
PROPOSAL

= Forest model

F A dynamic representation of the forest and its behawiour, at
whatever level of complexity, based on a set of (sub-)Jmodels or
modules that together determine the behaviour of the forest as
defined by the walues of a set of state variables as well as the
forest responses to changes in the control variables

16
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-»State variables
# Set of wariables [at stand andfor tree level] that characterize
the forest at a given maoment and whose evolution in time is the

result [output] of the model
* Principal variables if they are part of the growth modules

« Derived variables if thev are indirectly predicted bazed on the

valuez of the driving varables

=»Driving variables
k Wariables that are not part of the forest but that influence its

behaviour;
» Environmental variablez (.2, climate, soil)

= Human induced varablesfproceszes (e, silvicultural treatments)

= Risks [e.2. pests and dizeazes, storms, fire)

17
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= Model module

# Set of equations and/or procedures that led to the prediction
of the future value of a state variable

= Module component

® Equation or procedure that is part of a model module

=»Forest simulator
¥ Computer tool that, based on a set of forest models, makes
long term predictions of the status of a forest under a certain
scenario of climate, forest policy or management
F Forest simulators usually predict, at each point in time, wood
and non-wood products from the forest

e
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Forest
ecosystem
characterisation
at time t+1

i ISP Prediction of
Forest growth wood /non-wood
models to predict products
stand evolution fo essociated to the
different forest scenario

types
Status of the

Simulation of ¢ ¥
scenario for each [JY S forest over time
stand in the i as defined by the
Wil state variables

=>Forest management alternative (prescription)
¥ Sequence of silwicultural operations that are applied to a stand

during the projection period

=»5cenario
® Conditions [climate, forest policy measures, management
alternatives, etc] present during the projection period
+_.I" il : ‘-_ ..Mml“ ; .._h
A it
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= Stand simulater

F Simulation of a stand
= Landscape simulator
® Simulation, on a stand basis, of all the stands included in a
certain well defined region in which the stands are spatially
described in a GIS
B It allows for the testing of the effect of spatial restrictions such
.

as maximum or minimum harvested areas or maximization of
edges

grid

# Simulation of all the stands inside a region, without
individualization of each stand, stands are not exactly located
but can be placed in relation to a grid

=»Regional/Natiocnal simulator - not spatialized
# Simulation of all the stands inside a region, without
individualizing of each stand, stands are not connected to a GIS
=>»Regional/National simulator - spatialized through a
e

20
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=»Decision support system

F Simulator that includes optimization algorithms that point out
for a solution - list of forest management alternatives for each
stand:

» Multi-cHteda decision models

» Artificial neural networks

» Knowledge based systems

Forest
ecosystem
characterisation

Forest growth
models to predict
stand evolation for

different forest

types

&

Models and methods
to select
management
options that may |

sustain conditions
and outcomes of
interest

Simufation of :
several forest | Prediction of
manogement
alternatives (MA)
for each stand

B A
i

'-.-1
i S Y

wood ./ pon-wood
products for eqch
combination of
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ANNEXE 3 — Portuguese production forest region
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Region Description Models Selected  Needs of Improvement

The Region is composed of a set of Muts [l

el ™

1=t Znd
The set should The set should
represent over B0% Drginate 3
of the Eucalyptus continuous study
area area

Based on these 2 conditions, as well as on the:

= Mean Sl value of Eucalyptus stands for the Mut |l
= Murmber of MF1 Eucalyptus plats in the Mut |l

= % of BEucalyptus in the Mut 11l farest area

Region Description Models Selected  Needs of Improvement
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Species representativensss per Mut [l
Mumber of plots per dominant species and per nut Il
morted the number of plots per nut 111, and checked how often
each species showed as 12, 2M and 3 most representative species o5
18t Species
21 5pecies
IMSpecies 1l | :T“I" 1] Il |
MFl plots | 4448 | = 3 760 | 207 52 25 |1342 Z
b
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Region Description Models Selected  Needs of Improvement

The distribution of
the three most

representative A
species per Mut [l ’ a1 A
in our region i AL
The

Pinuz pinaster '

Encalypins glowyus

Quercus suber

Region Description

Models Selected  MNeeds of Improvement

#

Area of Maritime Pine - Finus pinaster

(107 ha) E“;:ﬂ:d ““gtﬂf“ Total
Pure Stands 2302 1457 3750
Dominant Stands 592 553 127 4
Dominated Stands 517 522 104.0
Hew Stands 1s 79 194
Burnt Stands 134 93 227
Clear cuts 49 20 53
Total 709 25 4 6563
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Region Description Models Selected  Needs of Improvement

Area of Eucalyptus - Eucalyptus globulus

(107 ha) E“;:ﬂ:d ““gtﬂf“ Total
Pure Stands 3043 1585 4534
Dommnant Stands 46.2 360 g2z
Dominated Stands 481 488 95.9
Hew Stands 26 1 122 5.2
Burnt Stands 236 17.2 405
Clear cuts 13.0 43 173
Total 461 9 7770 7354

.
l.F- "

[}
| 1

i

A

Region Description Models Selected  Needs of Improvement

Area of Cork Qak - Quercus suber
(00 | et | s | T

Pure Stands 129.0 194 2 3232
Dominant Stands 239 4738 e
Dommnated Stands 2.2 43.3 G4.5
Hew Stands 4.0 1.7 57
Burnt Stands 0.4 0.4 or
Clear cuts 0. 0.1 0z
Total 1785 287 E 466 1
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Models Selected [Needs of Improvement

Eucalyptus globulus

B

Globulus 3.0 Modispinaster Suber

Glob-3FG FPEIRROL

sqion C Models Selected [Needs of Improvement
1. Model Identification

WE member name: |54 (Instituto Superior de Agronomia)

Country: Portugal

todel name: Globulus 3.0

Year of publication: 2006

Author: Tome, M., Soares, P, Oliveira, T.

2. Parameterization and calibration specifications
Seographical region: Portugal

oite specifications: all sites suitable for Eucalyptus globulus
opecies: Eucaliptus globulus

Forest composition: Monospecific

otand structure; Even aged stands
silvicultural System: Clear cutting+coppice
FHange of trees sizes: not applicable

Fange of stand variables: until 20 years

29



N

-

y

H

-

k

- Sustainability Impact Assessment

EFORWOOD

of the Forestry - Wood Chain

i)

Models Selected [Needs of Improvement

Globulus 3.0

3. Model Classification

2.1 Model type: Empirical growth and yield model

32 Model sub-type: Stand model +diameter distribution
4. Primary unit of simulation: Stand
5. Time step: Year

Models Selected [Needs of Improvement

Globulus 3.0

6. Sub-Models of the growth simulator
6.1Modules for state variables

Driving variahles Inicialization
Ane Mot relevant
Cutting cycle Mot relevant
Dominant height Yes
Stand baszal area fes
Murmber trees ha-1 fes
Murmber of stools ha-1 Mo
Yolume (Total and merchantakle) Yes
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Models Selected [Needs of Improvement

Globulus 3.0

6. Sub-Models of the growth simulator
6.1 Modules for state variables

Derived variables

Mumber of shoots before and after thinning

Total volume over bark

Merchantable volume under bark

Biomass itotal and per plant components)

Models Selected [Needs of Improvement

Globulus 3.0

6. Sub-Models of the growth simulator
6.2Modules for control variables

Hurman induced Environmment

Initial stand density (1#trotation Site index

Stand density after thinning {coppice) | Climate
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Models Selected [Needs of Improvement

Globulus 3.0
7. Inputs
Required:

»climate variables (precipitation days, altitude, mean annual
temperature, annual precipitation, number of frost days per year) or
plot coordinates

> site index

=age

*Initial stand density

» Stand density after thinning

> cutting cycle

Additional: all other state variables

Models Selected [Needs of Improvement

Globulus 3.0
8. Software

Stand simulator (excel)
Landscape simulator: GLOELAMD
FegionalMational Simulator — no spacialized:

GLOBCARB-agreg
GLOBCARB-plot

32
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9. References
9 1 Model references

Models Selected

Globulus 3.0

Meeds DF Improvement

References Tomé et al., 2006 — hiodelo Globulus 3.0
Publicagies GIMREF. 154
mModel eguations fes
Model modulesicomponents Yes
mModel development methodology | Yes
Methodologies used inwalidation es
Validation statistics Yes
Sensitivity analysis Mo

9. References

9 2 Software references

Globulus 3.0

Models Selected [lecds oFImprovement

Reference GLOBLAMD
Interactive use Yes
Batch-mode use Mo
Poszsibilities of changing contral variables Yes
Interactive changing of equations Mo
Interactive chanding of coefficients Mo
Saving of interim results with continuation Yes
Fotential for continuous updating of input data | Yes
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Models Selected [Needs of Improvement

1. Model Identification
WWE member name: [SA (Instituto Superior de Agronomia

Country: Partugal
Model name:  IModispinaster
Year of publication: 2004

Author Fongeca, T.

2. Parameterization and calibration specifications
Geographical region: Portugal - Wale do Tamega

Site specifications: sites appropriate for Maritime pine

Species: Finws pinaster

Forest cormposition: Monospecific
Stand structure: even aged stands
Silvicultural System: Clear cutting

Models Selected [Needs of Improvement

Modispinaster

3. Model Classification
2.1 Wodel type: Empinical growth and yield model
2.2 Wodel sub-type: Stand model +diameter distribution

4. Primary unit of simulation: Stand
6. Time step: Year




4 7 EFORWOOD

- ‘ l*ﬁ Sustainability Impact Assessment

-

L of the Forestry - Wood Chain

Models Selected [Needs of Improvement

1. Model Identification

WE member name: |54 (Instituto Superior de Agronomia)
Country: Portugal
Model name.  Suber

YWear of publication: 2007
Author Tomé, M.et al

2. Parameterization and calibration specifications
Seographical region: FPortugal

Site specifications: sites appropriate for cork oak
Species: uercws suber

Forest composition: Monospecific

otand structure: Even and uneven aged stands
silvicultural System: several

Models Heeds of
~selected Improvement
Suber

3. Model Classification
3.1 Model type: Empirical growth and yield model
3.2 Model sub-type: Distance-independent tree model

4. Primary unit of simulation: Tree
5. Time step: Year
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Meeds of Improvement

Modispinaster
»Does not have initialization functions for the driving variables -
essential to use the model after clear cutting or in new areas

*Does not have a module for biomass — essential to assess
Greenhouse gas balance indicators™

Modispinaster / Globulus

% Do not have an economic module- essential to assess economic
indicators™

> Designed for even aged stands. Models for uneven aged stands
for this region are needed.

*Indicators as=igned to be predicted directly or ndirectly by growth models
according to D2.5.1 Report on Models Requrements and Ouriputs

Meeds of Improvement

All 3 models:

#Do not have modules to assess non-wood goods indicators™
{other than cork)

#Do not have modules to assess Forest damage indicators™
#Do not have Water use modules (for Water indicators™)
#Designed for pure stands. Mized stand models for this species
are needed.

*Indicators as=igned to be predicted directly or ndirectly by growth models
according to D2.5.1 Report on Models Requirements and Ouriputs
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Growth modelling and link with NFI data
for Maritime pine in South-West France

C. Meredieu (INEA, Research Unit Ephyse)
Y. Cucchi (INEA, Research Unit FBA)

T. Belouard {IFM)

b, Majar (AFOCEL)

Bordeaux - France

SEORRNO00, {3 Asveay 27 - Lo

Maritime pine in Aquitaine

Forest area in Aquitaine
1.735 millions ha
(416 % of the total area)

1 e /
n -i?\— 4 Sk PERIGUEYK
i W ;
: . e
e wracam:
g ] LTI

-h.llﬂ

o7 seeees Maritime pine  : 59.7 %
R e (1.037 millions ha)
O s Deciduous AT
S, He  Other coniferous ¢ 3.1 %
- P

T -l-_i
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Maritime pine forest

Gironde
23% of the forest area
Last inventony in 1993

...--‘~" Lot et Garonne
> v 47% of the forest area

\ Last inventory in 2000

7 Landes
O a7 %of the forest area
Last inventary in 1999

90 % of maritime pine forest in Aquitaine

Rl B Err wn| NE EH ERD wm|

:

Maritime pine forest

Timber stock = 165 millions m®
30 millions damaged by the storm of december 1999

Annual increment = 10.5 millions m#®

Annual volume harvested

(=L S L)

LELY B ""F'.I-w"':':':l EE NN EEEE NN NN NN NN AN EEEmEmEE AR CLRTELRLLL IR
e[ AW DR L o oo e e e e e

B

..} 8.5 Mm® harvested
: in 2005

B

12a0 1565
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Flantation
—  [irect seedlin i
T 8 Matural regeneration
w0 —]
ﬁﬁ . B m " = F'Is!nts prm:_iuced
eoce HH H = HH e with genetically
soooo HoH o improved seeds
amo HHHHHHHHHHHH 1980 : 1 million
iﬁ T E T e et e e e 2 1990 : B millions
i AR AR EERENRRAN 2004 : 19 millions
ol LN HHHOH NN NN
ZIZS3RIRTTLEE R 4
CESAHEESFEREERE
Area of even aged stands by age class
5

Even aged stands of Maritime pine
Reforestation mode

Rl N ESr x| RN EED

Different types of models
for Maritime Pine
Whole-stand growth model (ES)

Individual tree growth model (EDIT)
Whole-stand Process Based Models (P)

For different types of Maritime pine
stands

40
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- Whole-stand growth model : PP1
5 5|mu|a‘ror Capsis 2 (old simulator)

Prediction of stand yield m Southwestern of

France; exceptthe
coastal dune area

® Even aged high forest

Real stand

HFI stand o
's'll Gdorn, Gg: 1..n

® |Inputs
— Ferility (Hdam — Age)
Stand Growth Model | T ﬁdum;ﬂeg ;
— Mumber of trees
/ %X = FM alternatives

[ smE quaLTy | | siLvicuLTuge | — Age and N, criteria

%I

-Whale-stand gr*ow’rh model : Lemoine
e SII’I’ILIICITDI" L ql’} 215 4 (up to date simulatar)

Prediction of stand yield m Coastal dune area
m Even aged high forest

Real stand :
Coastal
dunes OHLY

® Inputs
— Fertility (Hdom — Age)
- Gdnm- Gg
— Murber of trees
m FM alternatives
— Age and Mg, criteria

|Lemuine Growth Model |

/N

| sime uaLity | | siLvicuLTuRE |

o -l-_i ) -l-_i
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The AFOCEL growth

based on data collected from
40 trials (created by plantation or direct
seedling)

Sub-muodels:

= Dominant height Ho = fiage, Ste Index)
= Individual basal area increment

lgi = fidoge, W, Cg, CiY

= Individual height

= Propartion of dead trees

= Stem profile (diameter over bark, bark
thickness)

The growth model is used for
stands and can be connected
to the NFI data, to simulate the
evolution of the regional
resources

model

i

Rl B Err wn| NN EH ERD wm|

- Individual tree growth model : PP3
= SimUIGTDP . r‘\’ g 4 lup to date =imulator)
Prediction of stand

yield and tree growth

Real stand:
For each tree p Inputs
defined by its
ﬂiﬂrlrnatelrnlIr — Ferility (Hdom - Age)
— Surface
THEE _ Age
i — Mumher oftrees per
diameter classes
|TrEE Growth Model |

Southwestern of France;
except the coastal dune
area

m Even aged high forest

= FM alternatives

QQ% — Age and thinning criteria

| sime uaLity | | siLvicuLTuRE |
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Different types of additional models
for Maritime Pine

< Carbon estimation —

“+*Biomass model ——
per compartment —_—

#Carbon content : il

P | Fa)

< Windthrow risk -

|

B
i |
==

|
1)

® Branch models ik
}g_grst}iim and characteristics of Ehet
— E=xisting data hase + i
new data in 2007 R
— Should be available at  *
the end of 2007
® Fiber models

— Fiber length and burst
index (Chanire, 2000) ; :
m Solid wood models T e e e omw

{wood basic density, stiffness,
grain angle, heartwood content)

— Existing data hase

Len sirmumrmene fom]

Rl B EEy wu| RE N EEN wn|
=
g
H
=
%
&
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Connection between NFI Data
and growth models

m Example between NFI Data and Carbon
estimation models

m Example between NFI Data and ES
models

Example : Calculating the carbon balance
of the maritime pine forest
and itz change over the period 1988 - 2000

s e
:.'ear*rﬁlﬂﬁ ] yeal Eﬂa‘a"
biomass Equ:ftlcun biomass tion

Caitan Wtoeh (KM
Carton sozk (1GhE)

=3 1=

r’fSTEICk 248 MTC\" ':'utlj = 2080 MTC
“\,____thU a2 tC.l'I"IEI:I &@CIHE} i
! f " 1999 windstorm
il oz " damages partially
~ included

Sihk = 3.2 MIC (+ 0.43 MtClyear) ,

Rl B Err wn| NN EH ERD wm|
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Regional simulator: Use NFI
data as input of growth model

m Test on a whole-stand growth model e

m Different types of problem

— Threshold of recensability of the trees
{Diameter = 7,5 cm)
+ Lge of corrective functions for N and G
+ Stands without any listed tree: contractual data

— Representativeness of NFI stand
description

A B BNy wn| NE R EER waE |

Regional simulator : Calibration
of corrective functions in the
growth model

m Whole-stand growth model PP1

— New calibration of the Basal Area
Increment G, et IG,

— New volume functions Vg,
(N ; Hdu:um ; Gdum ; Gg)
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Connection between NFI Data
and growth models

m Until november 2004,
— inventory by department
— every 12 years

m Since november 2004
— Mational systematic inventory
— Annual
— on a smaller number of points

‘ High consequences
on growth model inputs

Capsis: a regional/national
simulator
Sapint CaPSIS 4 Platform

USRS |Lem|:|ine gt mndel|

| PP3 arawth model |

| IFM increment mudell

platfonm which integrate many
MFI Data French forest growth and yield J dynamics
Bases madels

Rl B Err wn| NN EH ERD wm|

In construction by French NFI
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Conclusive remarks
= Available for Eforwood project
— Different growth models for Pinus pinaster
— A stand growth simulator  Capsis
— Methods to connect NFI Data and growth
models
m Still to be achieved
— A regional simulator {available )
= WWood quality models
— Branch models
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ANNEXE 5 - Baden-Wdrttenberg region in Germany
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Case Study Baden-Wirttemberg

Germany
Jiirgen Zell
Philipp Duncker
Karl Tojic
F ff‘::l;;%nﬂaﬁweth UE.IFPDZHELLI';IJgrEIEi-:p.Hamma 13. Febrvany 2007 F.;.r!::?g;,g \J,.M
Outline

+ Overview of currently available Data: the
National Forest Inventory in Germany

» Extrapolation of NFIl-Data with WEHAIM
(including Forest Growth, Harvesting and
Prognosis of Assortments)

» Problems and further ideas/options

™,

Abkllveg Blometrke  EFORINCOD e br O &
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts M
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NFI

National Forest Inventory
(‘‘Bundeswaldinventur”)

« QOverview on large scale forest condition
and forest productivity

» Consistent procedures
+ Permanent design: re-measurement

—y,
Abdeliveg Blometrk  EFCRUUCOD st e Br 't,. o
id Itom 3tk P 25 Njarks bop, Barceora 13, Febraan DM Forstic owth M

Dresign ‘ Tracts

Mote: the grid covers
the total areal

Abdeliveg Blometrk  EFCRUUCOD e br o o
id Itom 3tk P 25 Njarks bop, Barceora 13, Febraan DM Forstic owth M

50



% 7 EFORWOOD

[

4 -

) "4 Sustainability Impact Assessment
of the Forestry - Wood Chain

ME Federal States

| Baden-Mlrttembery

Freiburg

Abdellveg Blometrk  EFCRUUCOD stk br O
id Itom 3tk P 25 Njarks bop, Barceora 13, Febraan DM Forstic owth M

Design | Different Grid-Widths

5000

D ENOO00 DO FROO00N  MEOo P00 M s i)

Abdeliveg Blometrk  EFCRUUCOD e br o
id Itom 3tk P 25 Njarks bop, Barceora 13, Febraan DM Forstic owth M
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Dresign Permanent Sample: one FPlot
_|r =25 m: Site characteristics |

Angle-count sampling (Factor
4) trees with D.B.H. == ¥ cm

r =10 m: trees up to
4 m height, shrub layer
and ground vegetation

[”r.ﬁ-ﬁ':'m;.ﬁéaﬂwum:- : /8"]

r=175m r=1m:
trees =50 cm and trees of 20to 50 cmin
D.B.H. = ¥ cm height
nEtve br .
F ':f‘::ll;;?rnﬂagwwh UE.IFFDERELU?EEE bop, Barc:iona 13. Febrnany 207 F-:-r::tGrc-u.rtlr M
Dresign ‘ Permanent Sample

Permanent plots = retrievable plots

+ Permanent marking of the plot centre (by metal rod
in the ground, invisible)

* Recording of tree positions (polar coordinates)
— assessment of growth and drain at consecutive

survey
-~
Abkllveg Blometrke  EFORINCOD etk or O
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts M
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Results Baden-Wiirttemberg

Total Forest Area: 1,3 Mio. Ha
13.228 Permanent sample plots

~ 11 Trees/Plot

~ 150.000 Measured trees

360 m3/ha Growing Stock
Increment: (1987-2002): 14 m3/ha/a
Drain:13 m3Mha/a (Cut and Mortality)

™,

Abkllveg Blometrke  EFORINCOD e br O &
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts M

WEHAM

Extrapolation of NFl-Data with
WEHAM

» Model for
— Growth
— Harvesting
» Based on Szenarios
» Comparison of Szenarios

™,

Abkllveg Blometrke  EFORINCOD e Br O
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts M
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| b -

WYEH AN Simulationmodell WEHAM

» Prognosis of Forest Development and
Potential Quantity of Harvest based on NFlI

* Timeframe of 40 years
» Distantance-Independent Growth-Model

* Problem:
« Stand =-> Plot

™,

EFCRLIOD hette Br
13.Febraany MM ForestGrowth M

Abkleg Blometrk
1id Ivtom ik WP 25 Ndorks bop, Barclora

WWEHA M ‘ Wachstum
Construction of ﬁuitm
Height-cunes
[

im 1

Abkllveg Blometrke  EFORINCOD e br o
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts M
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WWEHARM

Construction of
Height-cunes

Abkleg Blometrk
1id Ivtom ik

WWEHARM

—_—
; )
_— =
S— d—-—
— -
g
Wachstum
Helght ]
0
[ 8
o
o+—+ - -
| «0 a1 apr H0 1m 1@
s
EFCIRMIOOD hitne w0 &
FOmeatis rowth M

P 25 Nlaks bop, Barcziora 13. Febraary 2007

Height-Growth

Construction of
Height-cunes

Helght ]
=

Abkleg Blometrk
1id Ivtom ik

EFQROOD

P 25 Nlaks bop, Barcziora 13. Febraary 2007

e br o
FOmeatis rowth M
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Harvesting

WWEHARM

Mominal
Easal-Ares

o

Current
Basal-Ares

Harvesting
F e i ey S T PRt LM
WWEH AN H Definition of Szenarios

Szenarios are defined by:

+ Growth
—Depends on Tree-Species (Heigth

and DBH differently)

+ Harvesting
—Type of Harvesting
—Intensity of Harvesting (time steps)

—Target Diameter-Harvest
—Rotation Age

-

lste vr
13.Febraany MM ForestGrowth ‘:M

Abkllneg Blometrke  EFORNOOD
nid Ivfom ik WP 2.5 Nlorks bop, Barc:lora
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WEHARN Output: Standard-Szenario

Norway Spruce

Growing Stock
+ DBH =40 ¢m Decline of Growing Stock

» DBH =50 cm Increase of Growing Stock

Harvesting
» DBH <50 c¢cm: Drastic decrease
+ DBH =50 cm: Increase
» altogether: decrease
» change of assortments -> bigger

™,

Abkllveg Blometrke  EFORINCOD e br O &
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts /M

FProblems

+ Srenarios in YWEHAM need assumptions

+ (Can be far away from a ,optimal’ treatment with
respect to a given target (mass, volume, value) -= link

to WWE 2.1

+ WEHAM needs input from Yield-Tables to define
Thinning-Intensities

+ 512 treesiplot are very discrete Information

™,

Abkllveg Blometrke  EFORINCOD e br O &
aud vt atik WP 25 nlorks bop, Barce ona 13.Febrary MM Fomstis owts /M
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forests (between 40% and 60% broadleaved trees)

= F
of the Forestry - Wood Chain = 7
Basic data for case study
Vasterbotten, Sweden
Erik Valinger
Areas
Foresttype  Prportion  Inland,ha  Proportion  Coastal, Total Total,
inland, % coastal, % ha proportion, ha
%
Pine’ 39.3 730799 493 649 523 434 1380 323
Spruce1 276 514170 134 176 761 1.7 690 930
Birch1' 438 89533 3.5 46182 43 135715
Other* 221 411046 271.3 360 722 24.3 771768
Lodqepole 3.9 72798 2.3 30017 3.2 102 815
pine
Bare ground 23 42738 42 55203 31 97 941
Total, ha 1861083 1318 408 3179491
Pine, spruce, birch and contorta dominated forests (>70% of basal area)
2Mixed conifer forests (No conifer species >70% of basal area) + Mixed

60



EFORWOOD

Sustainability Impact Assessment
of the Forestry - Wood Chain

dOOMYHO41d

!

!lll

Cutting classes + definitions

Cutting class Proportion of Area, Growing stack,
area, % ha m’ha
A 42 133130 15
B1 79 251617 10
B2+B3 202 642490 19
C+E 3.2 1149856 107
D1+D2 N5 1002398 154
Al 100 3179491 9
Definitions:

A (Regeneration, bare ground)

B1 (Regeneration, plant forest. Mean height < 1.3 m)

B2 (Young forest. Mean height between 1.3 m and 3 m)

B3 (Young forest. Mean height > 3 m. Dominating and co-dominating trees smaller
than 10 cm at 1.3 m)

C  (Medium forest. Most dominating and co-dominating of trees larger than 10 cm at
1.3 m)

D1 (Adult forest. Age is lower than recommended clear-cut age)

D2 (Adult forest. Age above recommended clear-cut age)

E (suitable for single tree selection)

Cutting class, Proportion of Area, Growing stock,
Pine pine area, % ha m%ha

A 3.1 99366 8

B1 54 172350 6

B2 + B3 15.9 505262 8

C+E 26.4 838662 57

D1+ D2 13.4 427569 58

All pine 64.3 2043209 41
Spruce _g;rt:llgg class, Prc;;;::ic;/r: of A'r_leaa, Growr:]r}/ghsa(ock,

A 1.1 33764 3

B1 25 79268 1

B2 +B3 4.3 137228 3

C+E 9.8 311195 27

D1+ D2 18.1 574828 7

All spruce 35.7 1136283 35

Definitions:

A (Regeneration, bare ground)

B1 (Regeneration, plant forest. Mean height < 1.3 m)

B2 (Young forest. Mean height between 1.3 m and 3 m)

B3 (Young forest. Mean height > 3 m. Dominating and co-dominating trees smaller
than 10 cm at 1.3 m)

C  (Medium forest. Most dominating and co-dominating of trees larger than 10 cm at
1.3m)

D1 (Adult forest. Age is lower than recommended clear-cut age)

D2 (Adult forest. Age above recommended clear-cut age)

E (suitable for single tree selection)
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Year classes
Year class Proportion of Area, Growing stock,

area, % ha m’ha
0- 40 127 160 1
3- 84 267 036 10
11- 10.6 336 974 14
21- 10.1 321079 33
31- 6.8 216172 64
41- 14.6 464 134 102
61- 10.3 327 437 141
81- 9.7 308 363 140
101- 85 270215 154
121- 8.6 273 3% 168
141 84 267 036 164

The proportion and area within

m
=M . .
- Site index classes (m3ha, year)
-~
E Productivity, Proportion, Area, Groving stock,
(@) m’ha, yr % ha m3fha
@) 0- 6.2 196 787 74

2 N3 996 412 83
O 3 399 1270021 98

4 181 574 052 99

5 41 129 164 102

6- 03 8886 154

T- 0.1 4169 184
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Growing stock per ha for each
species within diameter classes

Species Diameter at breast height,
cm
0-9 10-14 1519 20-24 25-29 30-34 35-44 45- Total Proportion
milj. m® %
Pine 7.7 178 308 303 213 141 84 09 1314 43.6
Spruce 9.4 174 240 216 159 113 7.6 29 1101 36.5
Contorta 1.1 0.7 0.1 0.0 2.0 0.7
Betula 125 136 105 55 24 0.6 0.3 454 15.1
Populus 0.1 0.3 0.4 0.3 0.2 0.2 0.3 0.1 1.9 0.6
Alnus 0.3 0.2 0.1 0.0 0.7 0.2
Salix 0.2 0.3 0.3 0.3 0.2 0.1 0.2 0.0 16 0.5
Sorbus 0.1 0.0 0.0 0.0 0.2 0.1
Dry + 12 17 14 1.2 0.7 0.5 0.8 0.5 8.0 27
wind-
thrown
All 32.7 52.0 67.7 59.3 40.8 26.9 176 44 301.5 100

Annual cutting area on forest
land and volume/ha

dOOMYHO41d

Cutting Inland, Volume/ha, Coastal, Volume/ha, Total,ha Volume/ha,
ha m*ha ha m°ha m’ha
Clear felling 11000 180 18 000 184 29000 183
Thinning 8000 43 26000 70 34 000 63
Cleaning 16 000 4 21000 6 38000 5
Others 5000 44 7000 33 12000 39
Total, ha 41000 61 71000 75 112 000 70

o
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Annual cutting volume

Cutting Inland, Volume/yr, Coastal, Volumelyr, Total volumelyr,
myr myr m? yr
Clear felling Pine 527531 1634972 2162503
Spruce 1281446 1570850 2852297
Birch 105772 101774 207545
Thinning Pine 228344 677324 905668
Spruce 120208 821049 941256
Birch 16586 301638 318224
Cleaning Pine 16644 35075 51719
Spruce 17194 12288 29482
Birch 32547 78319 110865
Others Pine 36246 74974 111220
Spruce 71094 22823 93917
Birch 16103 9017 25120
Total, m3/yr 2469714 5340102 7809817
4000000 [ Other
I Cleaning
3500000 [ Thinning
I Clearcut
3000000
»_ 2500000
€
€ 2000000
3
£ 1500000
1000000
500000
o

spruce

Species

64



<

y

-

b

EFORWOOD

Sustainability Impact Assessment
of the Forestry - Wood Chain

dOOMY 041

ll.i

'|||||I|
\

Potential areas for single tree selection of spruce are when the following

AWON -~

Area possible to use for single
tree cutting (spruce)

criteria are met:

. Ground vegetation myrtillus or better.

. Thinning- and Clear-cut forests (Cutting classes C and D).

. More than 70% of basal area should be spruce.

. Stand structure. From the diameter of the largest tree in diameter, four
diameter classes are created by the construction of the quota dmax/4.
The shares of the number of trees (n) within each diameter class are the
basics in defining the stand structure classes. Suitable stands are
stands with quotas n,/n,, n,/n;, ng/n, > 1.0, all other are not acceptable.

. Growing stock > 150 m3/ha.

Single tree cutting (spruce)
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Area possible to use for single
tree cutting (spruce), ha

Area Single tree selection, ha

Not suitable Suitable Total
Infand 97331 2182 119513
Coast 68650 11025 79675
Total 165981 33207 199189

1% - 6% of the forest land is suitable

Area possible to use for natural
regeneration (pine), ha

Potential areas for natural regeneration of pine are when
the following criteria are met:

1.Ground vegetation myrtillus or worse.
2.Cutting class D.

3.More than 50% of basal area should be pine.
4 Sites should be situated < 300 m a.s.l.
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Area possible to use for natural
regeneration (pine), ha

Potential areas for natural regeneration of pine are when
the following criteria are met:

1.Ground vegetation myrtillus or worse.
2.Cutting class D.

3.More than 50% of basal area should be pine.
4 .Sites should be situated < 300 m a.s.l.

Area possible to use for natural
regeneration (pine), ha

Potential areas for natural regeneration of pine are when
the following criteria are met:

1.Ground vegetation myrtillus or worse.
2.Cutting class D.

3.More than 50% of basal area should be pine.
4 Sites should be situated < 300 m a.s.l.
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Natural regeneration (pine)

Area possible to use for natural
regeneration (pine), ha

dOOMYO43

Cutting
Area Ground vegetation class
D1 D2 D1+ D2
Inland < Myrtillus 24778 28445 53223
Other . 1903 1903
Total 24778 30348 55126
Coast < Myrtillus 79235 101170 180406
Other 1242 3245 4487
Total 80477 104415 184892
Total < Myrtillus 104013 129615 233628
Other 1242 5148 6390
Total 105255 134763 240018

7.5% of the forest land is suitable
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"Methodologies to improve existing models for forest
sustainahility analysis at different temporal and spatial scales”

Regional case: Catalonia

Marc Palahi
José Ramon Gonzalez

Catalonian forests

=
& FACTS

F ey f T 32 000 km2 in the north-East of
i Iberian peninsula

S " From O to over 3000 meters a.s.|

T

£ ¢ Mediterranean climate with high
influence of the altitude

Aprox, 619 forest land

Multifunctional forestry and big
Problems of forest fires

70



" EFORWOOD

) 4 Sustainability Impact Assessment
of the Forestry - Wood Chain

Catalonian forests

dpprox, 379% forested area

(=20% tree cover)

i,

Dominated by pines and quercus lex. {“ .
More than 22% bushland and grassland i

[

Y 2o 2

“

Main species in Catalonia

Species Fresenc=[ha] Dominance [ha)] Homogeneus(ha]  Bdstences [ma]
Fouss sl estrs ERER 23009 170051 26262735
Pouws Bdspensis 312407 230092 193 425 14477 318
P wmera 233081 140,627 or.110 12.206 250
[l on il 440 244 184654 125 310 Q136 284
Fouw iy BT.606 4615 4 808 0426346
Foge spivaiica 61,149 2872 na6e 5180403
Alnss ol 26.775 13346 2019 4575302
P piea 107.927 36.204 1802 3511416
[l L sy 116.118 62937 R 3E06 435

Great abundance of mixed and uneven-aged forest

2. sylvestris as the reagional case species
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Property distribution and protection regimes

Froperty Distribution Profe ction Re girme
9.0 %
175 %
225 %
21.0 %
O Privae Enprotect ed
mPublic W Protected

Frivate propetties mean size 20 ha, and only 20,7% of private
forests have a management plan

Public properties mean size 350 ha

The importance of timber

Forest growth in Catalonia is estimated in 3.600.000 m3/year

Cuttings only reach 621.600 m3/vear (Declared 1994-1998)
B Real cuthings estimated to be 30-50%: higher

-Timber contribute with less than the 30% of the forest income
(=70% hunting, fishing, mushrooms, cork, others)

1334 1335 133F 1337 133@ 1333 JOD@ RO 1534-2000
TimEsr 13, 1891 1p11 E4E 1011 T RIR RN 1100

Otharpraguets 1| 18T 1131 1LAT il 1311 1411 131l 310

Inctmr ST 4001 1107 4031 ¢HEE 000 404R 40TH 210

In milliohs of Euros
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Growth and yield models available

O Individual tree models:
B Diameter growth
B Height
B Mortality
B Ingrowth

O Available for the most important coniferous
and broadleaves forests:
B Any-aged
B Pure or mixed
B Based on NFI data

Growth and yield models available

O Diameter distribution models
B Farameter prediction
B Truncated weibull function
B Using simple predictors
O &vailable for the 10th most important tree
species
O Based on MNFI data
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Other types of models available
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N

O A fire risk model for Catalonian forests
B Fire occurrence model
B Fire damage model

O & mushroom vield model
B Cnly available for Pinus syluestris
B ‘Work in progress for other tree species

O Biomass expansion factors

O Coming soon;
B Scenic beauty models

Most models are available in publications

Need for improvyements

e g
O Timber guality

O ‘Water-forest interactions
O Habitat suitability models
[
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Decision support systems

I

""“"l

The models presented above have been
programmed by Timo Pukkala (foreco
technologies) into different systems:

O RODAL
O MONTE
O

ESCEN {utilizes fire risk model to avoid
overestimation)

O Possibility of adapting ESCEM to other regions
by Timo Pukkala.

Adapting ESCEN to other regions

Requirements
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Requirements, Individual tree approach
e g
O Ewven-aged

B Hdom=f{SL,T)

B oid=fl..)

B h = fid,Ddom,Hdom...}

B =survival = f{d,competition,. .}
O Uneven-aged

B id=f{GdBaL,..., NOSI

B h = f{d,BAL,... NO HDOM)

B survival = f{d,BAL,G...)

B ingrowth M{in = f{G,MN,..)

Requirements, Stand-level approach

e g
Hdom = fi(SI,T)

NZ = fiMNL,SILTL, T2, Hdom, ...
G2=HG1TET2 Hdomy =)

model for aritmetic mean diameter

Then YWeibull distribution can be derived with
the method of moments to get individual trees
(parameter recovery technigue) or parameter
prediction models can be used.

OooOoon
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In all cases it is required

e g
O Tree-level volume functions or taper functions

O Biomass estimates can be obtained with the
following species-specifc parameters
B proportion of bark of stem volume
B basic density of wood
B cxpansion factors for: bark, branches, leaves, {roots)

O Mo programming needed, just parameter files
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ANNEXE 8 — Craik forest in Scotland
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GIS based modelling tools (GISMT) are
used to assess the relationship between

» Economic
 Envirocnmental
« Social

Aspects of the forestry wood-chain and how
these relate to the Eforwood indicators

B A 1

Using Craik Forestin the Scottish Borders
these relationships are explored and then
applied as an aid to management decisions

Economic f
Environmental &%

Social e

i 1 ; 4 .:: -_:I' I.z - s kﬁ
EMuI R L FOREETS :
wood-chain Efonsood indicators

é;* Forest Research W
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Craik Forest
: ... .'.'..T ., 5 S |

P Ao
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This aliows for the spatial
prioritisation of

*Biodiversity
*Production

*Recreation
At the forest scale

B A 1

Sustainable forest wood-chain modelling
Indicators*

Economic; Timber
Social: Recreation

Environmental: Red Squirre!

zelected for modelling imulation in GISMT

P Ao
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Environmental Indicator;
Rad Scpnrrol

Landcover data

(SCDB, Design Plan)

1. landscape layer reflecting
the wariation in the ahility for
disperzal Red Squirref

Environmental Indicator: Rod Scarrrof

2. Potential Red Squirrel densities
used to identify areas of Habitat
fresults based on fieldwark study)

Red squirrel
habhitats Map

3. Score values for cost distance

friction analysis in (GISMT)

: : Ried Squirrel density [ha™]
Red Sguirrel Habitats Lo High
Pine ouer 15 years 4 0
Sitha spruca ouer 30 years #ae Bood-crep ] 4 i
Fine under 15 years 20 0 ot gl
ot
Sitha spruce under 30 wyears £gekadep 20 20 Euml{:ﬂ_:dﬁi'lﬂﬂ
Cther Species ] )
Felled -Open Areas - Others 50 A0
4. GIS-Modelling tool (beetle)l]:> Networks

areas of habitat that are
functiondly connected

P Ao
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Elzboraifon of nebwork
Analyse whether red squirrel can disperse from one patch of
habitat to other patches through the lands cape

METW'CRES
- Hetl_Low Den ity SKm disperial

- Netd_High Denalty Skm dliparial

- Un iultabls habltt

/]

fanagenmnt
Adjoéning areas llow dispersal -

Feaid isol Ftor
Fd conrechvity

{;‘* Forest Research W

Social Indicator: Recreation

People
visitors of the forest

Wisitor 1 Wisitor & Visitor 3
Low Intermediate High
Dispersal Ability ey Dispersal ability

P Ao

83



EFORWOOD é

Sustainability Impact Assessment
of the Forestry - Wood Chain

Social hdicator:
Recrestion

Visitors
hahitats
and
landscape
layer

Social hdicator:
Recrestion

2. Potential winttors In ditferent Hab iats
(Pes s b ed b T KWOTK Stach

Crparinl | Parcanige
Viiiter Tven | Outanca et wlilarn
pem ) numbar
Incianiary 1 759
namedaty H 0%
Az 1w ] 5%

3. Score values for cost
distance friction analysis in
(GISMT)

IfHT2T At e
A WOt 925 Ao di50 AS -
FHcel  ENFET -
F COYHTE EEWT i = T
Actrw
&
4.GI5-Modelling tool (beetle) 1:“ R
| S E—
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Social hdicator:
Recreation Quality of Recreation PathyVisitor network

Visitors Networks

Management
iraraETRa
of guality of
recreathan
Paths -

—

Bl Focreation Patn
B interdiate <bad pam

@ B intermediate good path
L L

] 530 1,000 ety
N ]

N () o o T

Timber valuefHa
(proportion of Pulp, Green and red
logs) derived from:

leld class
oElenvation
+=0ils

Less
*Harvesting
«Extraction
*Haulage
«Hestocking
Costs

R Y
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Econornic indicator:
Tinmer value

Derived Timber values of
Management Units

v -l Hizh Value
Bl Mediom value

B argiva

.Y P

Economic Indicator s Social Indicator:
Timber value Recraation

L o '*-.l"J
Bl Hizh Value Tiber
b Bl Gedentary visitor
Intermediate visitor

é:* Forest Research -
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Economic Indicator s Environmental Indicator:
Timber value Red Squirrel

Il Hizh Value Tivber

|

\|||||'

Wy

Bl Fed Squirrel Hetwork

L T —
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ANNEXE 9 — Oak in Lorraine region

..|||||'

I

88



% .~ . EFORWOOD

“  Sustainability Impact Assessment
of the Forestry - Wood Chain

'||_|||ll'1 \
!

i b

Jens Peter Skovsgaard and Jean-Frangois Dhéte
University of Copenhagen / INRA

Danish growth models for
forest management alternatives
for oak in France

EFORWOOD meetings at Vilanova/Barcelona
13-15 Feb. 2007

Major tree species in Denmark

* Norway spruce — 135,000 ha

 Beech — 80,000 ha
 Oak — more than 45,000 ha
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Danish forest growth models

« All of our models are calibrated on long-
term silvicultural experiments covering
most classical thinning practices as well as
an even wider range of stand treaments,
including extremely heavy thinnings

Model concept

« Dynamic state-space approach
(a so-called adaptive model)

« System of simultaneous difference equa-
tions incorporating site productivity, tree
growth, stand dynamics, management ef-
fects and possible interactions directly in
model parameters (one-year time steps)

 Stand or plot-specific calibration
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Key variables and parameters

Stand height (H,y,, m)
Stand basal area (G, m?/ha)
Stem number (N, 100/ha)
Tree diameter (d, m)

Tree height (h, m)

Site rate constant (a)
A set of additional, global parameters

France/Lorraine

Lightly thinned Heavily thinned
sessile oak g ¥ pedunculate oak
(and ped. oak) -
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Stand growth model for oak

AH,, =a,H.,* exp(-a,H,, +a,G)
AG = b10( )bllez exp(— b3G _b4H50)+ FV [G]
AN = —¢,N° exp(c; /N Hy, )+ FV[N]

Stand growth model for oak

AH,, =a,H.,” exp(-a,H,, +a,G)
AG = blo(al)bnsz eXp(_ bsG - b4Hso)+ FV [G]
AN = —¢,N° exp(c; /N Hy, )+ FV[N]
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Stand growth model for oak

AH,, =a,H.,” exp(-a,H,, +a,G)
AG = b10( )bllez exp(— b3G _b4H50)+ FV [G]
AN = —¢,N° exp(c; /N Hy, )+ FV[N]

Stand growth model for oak

AHg, = a,Hy, " exp(-a,Hg, +a,G) /
AG = blo(al )blle2 eXp(_ bsG - b4Hso)+ FV [G]
AN = —¢,N° exp(c;v/N Hy, )+ FV[N]
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Individual tree growth for oak

Ad = aga; 1d 2 exp(— ar3d )exp(— a,GHN> _1)

Ah = Boaq P1hP2 exp(— ﬂ3h)exp(— BGON 03¢

S~—

Site parameter a
vs. soil texture

&

04

0.3;

02

0.1

00 ‘ ‘
0 25 50 75
Fine sand + silt (%)
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If you don’t trust us
— then please trust our models,
their quality is (almost) unbeatable

At best, reality is only an approximation
to our models

Main scenarios

« Max. dendromass
 Max. timber volume
 Max. timber value

- and what about exogenous factors such
as the oil price?

- or alternative ’exogenous’, management
objectives?
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Optimizing timber volume and value

OBA

Volume growth (%)

80+

70+
100 50

Residual basal area (%)

Classical management scenarios

N (100/ha)

i1l
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Other, 'exogenous’ factors?

During more than 1000 years

forest management or forest exploitation
in Denmark was ’optimized’ for

naval oak timber
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Other, 'exogenous’ factors?

It's not my fault - it's the lumberjacks’
DETER IKKE MIN SKYLD - OET ER SKOVHUGGERNES
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Regional Case :
Oak - Lorraine

France = a land of Oak and broadleaves, OK'!

High present productivity, esp. in North-East

A challenge : resource use, opportunities/tensions

Oak-Lorraine as an example

Using model Fagacées under CAPSIS
Work planned (2007)

Lorraine is there !

Main species :
Fir, Spruce, Beech, Oaks

Beech Site Index mapping :
Use of NFI data bases (ecological, mensurational)
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French NFI :
2005 figures
Whole country

700
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French NFI : 30 1
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Typical height growth in Lorraine (model Fagacées) :
for young stands (40 to 80 years)

Dominant height (m)

45 -
40 -
35 -
30 -

251 ——Rich site

20 1 ——— Medium site

15 7

10 4----

0o 20 40 60 80 100 120 140 160 180 200
Stand age (yrs)

Stand Density (/ha)

100000 -

10000

== Traditional
1000 -+

Intensive

Basal area (m2/ha)

0O 20 40 60 80 100 120 140 160 180
Stand age (yrs)

T T T T T T T T
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Stand age (yrs)
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Dominant & mean diameters (cm)

Traditional oak

0 20 40 60 80 100 120 140 160 180
Stand age (yrs)
Dominant & mean diameters (cm)
Intensive management
Stand age (yrs)
Volume increment (m3/ha/yr)
stem & branches, @] 7cm P
Traditional oak
20,00 7
18,00 |- --
16,00 |- --
14,00 1---
12,00
Current
10,00 t---
Mean
8,00 +---
6,00 1---
4,00 A
2,00 +---
0,00 : ; ; ; ; ; ; ; i
0 20 40 60 80 100 120 140 160 180
Stand age (yrs) Volume increment (m3/ha/yr)
stem & branches, @) 7cm
18,00 7---
16,00 t---
14,00
12,00 +
10,00 + Current
8,00 +--- Mean
6,00 1---
4,00 1
. 2,00 1
Intensive management /oy
0o 20 40 60 80 100 120 140 160
Stand age (yrs)
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Average carbon stock / one rotation :
sensitivity to silvicultural strategies

JStock : 265 tC/ha

Iso-C-store curves

Final
harvest...

v ¢
5

soon 3
&

o

0.7 0.8 0.9

RDI objectif

Nery low Very high
: Stand

@
=}
8 density...

Use of model Fagacées, under plat-form CAPSIS, batch-mode
Source : PhD thesis of Patrick Vallet (2005)

Work 2007

On stand growth models : test JP’s
model on French sessile Oak data

Enlarge range of scenarios

Together with AFoCel : create a
regional model

That’s all !
Thank you...
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ANNEXE 10 — Improvement of the EFISCEN model
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D

N
Developing
EFISCEN-SPACE

Eforwood WP 2.5 workshop

13 February 2007 ﬁ

What is EFISCEN ?

+ European Forest Information Scenario
Model

+ Is a forest resource model

+ Under assumptions for demand and forest
management, it shows how the resource
will develop up to 60 years in future

» ‘What if’ scenarios

+ Projections in terms of NAI, GS, age
classes, fellings per province; biodiv
aspects as dead wood, carbon etc.
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Level of detail in input
data

Number of
forest types

per country:
total 5579

Europe Countrie
IxiZolmy H

What are the main
improvements?
- spatially explicit coverage of Europe

on a grid basis (1 km x 1 km)

- simulate forest development for
anticipated types of / changes in
management & environment

» (make possible to) calculate forest
sustainability indicators (wood

@ quality, biodiversity,..)

107



4% 7 EFORWOOD P
- { . i - Sustainability Impact Assessment ésg_?

L of the Forestry - Wood Chain

Data sources: plot data over Europe

+ NFI plot data * ICP level I plots

General approach

* Put 1 km?grid over Europe (9.5 10°
grids)

+ Develop tree species maps based
on plot & ancillary data
(regression, kriging)

+ Assign tree species to each grid

+ Assign initial stand age and volume
to each grid

<
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Ancillary data: overlays
Biogeographic region=z

Elevation ]
Soil map

Forest cover map
Average rainfall Fhery y i =
Average temperature : JJ': /
Average radiation . i: i
Court iy I .
(x¥-Coordinates) g ‘_."-. :

o

| G i

Mapping per species

Combine NFI & ICP data

Unique locations: presence/absence
Randomly remave 10% for validation

+ Binary logistic regression on ancillary
variables (continuous & categorical)

Calculate chance per grid cell

P(xy)=Bo + By Var(xy)+ Bz Vara(xy)+ ..
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» France

les spp.

. Pile

EFI maps
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Requirements

Tree species map

1 2 3
B E =
4 : )
E E
Stand age a Bl po3
1 3
5§
Iri ] 18
Rae hae pa| |us 13

o heteh

o
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Eadl Wit

TR0
16300
11000
1 4500
L]
L5300
- 350
000

Contents of database

Nonh Seuk app age ey Mk aH ‘mean O men D mee D gemar BAGE el dead A hafreited wob, ses
GABREN0 Pinus syb 171990 1.5 Ta  BE DA 22 21 o 0.3 a
BARSEND Pnus sybe 571999 125 2 B4 I 1600 35 4815 0| 1668 a
BAT XA Fua dybs 79 oo 16 B 139 &7 416 440 17 a0 o 253 a
BATr0 Batids app 6420003 135 129 K] 128 1Tl 21 133 05 385 1]
BATTEN) Terrporandy i 05 [i] [i]
GAB0G00 Betuls spp. 62 005 10 82 &1 156 1800 12 552 ia 18 a
EASSEL) Betuls d4pp. &7 oz 9 in3 & 153 1240 12 &7.2 [ [ . - 1]
292500 Batuls spp. &7 e E2.9 LES ] L] 45 140 10 g5 3B 28 a

Slight differences in
reported variables

One harmonised dbs has
been made

of g

6311
s
G E
anE
a0E
e
=08
aE

D

Use data to fit other stand
characteristics...
4 free species in
The Netherlands

\/\/\/ﬁ
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Simulation of forest
development

di/dt = Growth + Regeneration - Mortality - Harvest

unevenaged and mi<ed forests

anticipated (changes in) management regimes
anticipated (changes in) growth conditions
changes in forest area and free species

applicable to large areas
data available (NFL plot data)

desired output: (input to calculate) sustainability indicators

AVERAGES @  (BISTRIBUTIONS

Combining SDMD & diameter
distributions

prediction equations M o)
into modelling -4
Pl
framework £ o
I:I:: *-“a-’: (]
¥l _
bl 1! e
o L INE I 2P FP U TR R -
G 4 B 12 16 20 M M 3 3 &
DEH jm)
MNewton et al

* Parametrize Weibull ; = - .07
PDF for diameter 2o/ A Ny
distributions AR AR B e
+ Develop parameter e i
rediction equations ;= -
ased on stand § sl
characteristics g :

+ Incorporate parameter o 4=iei-teiedeisido]

., 2005
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Relation with other models

+ Diameter (and height ?) distribution
parameter prediction equations

» Physiological responses to climate
change: effects on parameters

+ Responses to new management

- Competition indices - mixture
effects

<

Output to ToSIA

+ Response functions (e.q. forest
characteristics versus wood demand)

» Indicators:

- carbon sequestration in live & dead wood
biomass, harvested products and forest soils

+ Input to other modules (indicators):

- Amount & quality harvested products

- Management applied (cost calculation)
= o

<
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