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23.1

Introduction

In Spain the forest surface occupies 27.5 million ha (54% of the total surface of the country;
SECF 2010). However, only 36% of the total surface of the country is forested (i.e. with a
percentage of canopy cover >= 20%); the remaining 18% is treeless or just covered by few
trees. Forest ecosystems in the country can be classified according to the Atlantic and
Mediterranean climatic zones (see Fig.1). Forests in the Atlantic region are characterized by
its high wood productivity, which often relates to the practice of short rotation forestry (e.g.
Eucaliptus sp, P. radiata, P. pinaster, Populus sp). Forests in the Mediterranean region are
characterized by its complexity and average low productivity (long drought periods in
summer). These conditions, combined with other factors such as topographic contrasts,
often lead to no management (management is not profitable).

Figure 1. The Atlantic and Mediterranean climatic zones of the Iberian peninsula
approximately shown by annual precipitation (left) and mean annual temperature (right)
maps (Ninyerola et al. 2007a; Ninyerola et al. 2007b). The highly productive Atlantic zones
relate to N-NW regions close to the Atlantic coast where annual precipitation and annual
mean temperature range above 1000 mm and 5 °C, respectively.
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Due to its location and climatic conditions, Spain presents large diversity in forest
ecosystems. Around 20 dominant tree species can be identified, for example: Q. ilex
(dominates in 14% of the forested area), P. pinaster (12%), P. halepensis (11%), P. sylvestris
(9%), P. nigra (6%), F. sylvatica (4%), Q. suber , P. pinea, Q. faginea, Q. pyrenaica, Castanea
sativa, Juniperus thurifera, Q. robur/Q. petraea, P. uncinata, Pinus canariensis, etc. Much of
the forested area is also occupied by mixed forests. The growing stock (m3/ha) increased
19.7% during the period 1996-2009 (SECF 2010) due to the lack of management. In Spain
41.3% of the annual growth/cutting budget is harvested (the average in the EU27 is 59%;
SECF 2010). The majority of timber production is harvested in the Atlantic region (around
70% of the total production in the country).
Spanish forests (especially those in the Mediterranean region) are characterized by the
existence of multiple goods and services. A representative list may be: timber, grazing, firewood and biomass, carbon sequestration, cork, resins, aspart, berries, mushrooms, aromatic
and medicinal plants, hunting, fishing, biodiversity and protected areas (27.6% of the
country’s surface is protected by the National Network of Protected Natural Areas and the
Natura2000 Network; SECF 2010), protection-regulation (erosion), recreation and amenity.
The multiplicity of goods and services is also one of the main drivers in forest management
planning (Table 1).
Abiotic (forest fires, erosion, drought, storms, etc.) and biotic (insects, diseases) natural
hazards are also important drivers in forest management planning. Out of these, forest fires
have usually the strongest impact on the ecosystems and therefore require special attention.
Regarding this, it is remarkable that around half of the total investment in the forest sector
(at the country level) during the period 2002-2008 was allocated on forest fires prevention
and extinction (Foresdat, 2009). Forest fires are characteristic of Mediterranean forest
ecosystems (long summer drought periods, high temperatures, strong winds) and have had
significant negative impact in recent years, especially large fires (> 500 ha). In this context,
sustainable forest management is not feasible if forest fires are not kept within a normal
range. Extreme climatic conditions present a big challenge, but appropriate management
measures regulating the abundance and continuity of fuels (silviculture, establishment of
firebreaks) are crucial for prevention. Erosion is another relevant risk. Most forests in the
steepest alpine and subalpine slopes are public protection forests.
Another challenge for sustainable forest management and planning in Spain is coping with
climate change, especially in a Mediterranean context, where climatic conditions are already
harsh. For instance, improving the water balance or creating appropriate forest stand
structures that reduce vulnerability to increasing climate-driven risks (i.e. forest fires and
droughts, etc.) may appear to be the most relevant management objectives in certain
Mediterranean areas.
Forest ownership in Spain is characterized by a high degree of fragmentation (many
properties smaller than 5 ha). This is often a challenge for regional planning and needs to be
addressed by the establishment of forest associations. Approximately one-third of the
Spanish forest surface is public (mostly forests from the municipalities, only a small
proportion belongs to the state). In principle the legal framework allows free access to
properties, and urban communities often search for recreation in nature (in private
384

properties, permission from the owner is required in some case). Some activities are
regulated (i.e. mushroom picking in some forests or provinces) or prohibited (e.g. camping,
off-road motor biking, etc.), but many other activities are not regulated. These activities may
cause damages, and forest owners often claim for the establishment of new forest policies
that regulate some activities and evaluate possible compensations (i.e. the evaluation of
forest externalities).
Similar to forest systems in the country, considerable variation in management planning
problems can be found (see classification of forest management planning problems in Spain
according to FORSYS dimensions, Table 1). Due to the common fragmentation of forest
ownership stand level planning is very common and mainly relates to small private
properties (<5ha, 1 or few stands). Typically the forest owner acts as a single decision-maker
and one or two objectives are considered. Concerning goods and services, timber or/and
biomass apply to problem S_2 in Table 1, timber and mushroom production can be an
example of problem type S_3, and the combination of timber with biodiversity or fire risk are
common cases of problem S_4. At this spatial level the temporal dimension of planning may
vary considerably. In small properties of the northern Atlantic regions (where short rotation
forestry takes place) less than 10-year planning periods (problem S_1) may occur, while in
many other cases strategic planning (10-20 years or longer) is usually considered.
Table 1. Classification of forest management planning problems in Spain according to the
FORSYS dimensions
Problem types
Dimensions

S_1

a

S_2

S_3

S_4

L_1

L_2

L_3

L_4

x

x

x

x

x

x

x

L_5

L_6

L_7

L_8

L_9

R_1

Temporal scale
Long-term (strategic, more
than 10y)
Medium-term (tactical, 2-10
years)

x

x
x

x

x

x

Short-term (operational, 1y )

x

Spatial context
Non-spatial

x

x

x

x

x

Spatial with no
neighbourhood interrelations

x

Spatial with neighbourhood
interrelations

x

x

x

x

x

x
x

x

x

x

x
x

Spatial Scale
Stand level

x

x

x

x

Forest/landscape level

x

x

x

x

x

Regional/national level

x

Parties involved
Single decision-maker

x

More than one decisionmaker / stakeholders

x

x

x

x
x

Objectives
Single

x
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x

x
x

x

x
x

x
x

Multiple

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Goods and services
Market non-wood products
Market wood products

x
x

x

x

x

Market services
Non market services

x

a

Problem types are named according to its spatial scale (Stand, Landscape, Regional). For a given spatial scale different problems are
numbered consecutively.

Landscape level planning is conducted on public and private forests (>5ha):
•

In the case of private forests it is important to distinguish between forests that belong to
the pulp and paper industry (the national company ENCE manages around 70,000 ha in
Spain, which implies a much smaller proportion of the total forest surface than in other
countries such as Portugal) and forests belonging to non-industrial private owners.
Private forests may relate to a single decision-maker (particular forest owner or industry,
problem L_2) or to multiple decision-makers (L_1, L_4), for example in the case of private
communal forests in Galicia where participatory planning between the owners takes
place. Communal forests, or Montes Veciñais en Man Común (MVMC) are a specific form
of communal land tenure and a singular legal category in Galicia (Northwest Spain).
MVMC extend over one third of the area of the region (Gómez-Vázques et al. 2009). In
other cases the administration is in charge of managing communal private forests (L_2,
L_3).
In properties where short rotation is used, the planning period may be less than 10 years
(tactical planning, problemsL_5, L_6, L_7, L_8) or one year (operational planning, type
L_9). Relevant examples of forest systems that require intensive yearly planning are the
forests of the pulp and paper industry, forests near a bioenergy plant, or the
agrosylvopastoral systems “Dehesas”. Dehesas occupy 2 million ha, mostly in the south
of the country (generally in plateaus and valleys) and originate from thinnings in Q. ilex,
Q. suber and Q. coccifera forests. Typically in arid summer conditions, the presence of
trees prevents excessive soil temperatures and reduces the transpiration of the
vegetation. Rainfed agriculture is usually practised in the uncovered surface, extensive
cattle are fed with grasses, and trees provide fruits, fire-wood, timber, and cork.

•

In landscape-level planning of public forests it is important to differentiate between
forests with a single decision-maker (e.g. municipality, problems L_2, L_3) and forests
with multiple decision-makers (L_1, L_4). Forests with multiple decision-makers are
represented by communal forests (e.g. belonging to several municipalities in the
Pyrenees) or by forests where some protected (nature conservation) area is included
(then multiple stakeholders are involved in decision-making). Planning periods longer
than 10 years are the most common in public forests.

Because forest systems in Spain are strongly characterized by its multi-functionality,
landscape level planning (also regional planning) in most cases addresses all types of goods
and services. Non-wood services/risks such as forest fires and biodiversity/habitat protection
are almost always relevant objectives and therefore neighbourhood interrelations between
stands (problem types L_3, L_4, L_7, L_8) need to be considered. However, there are cases
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in which neighbourhood interrelations are not crucial (e.g. if fire risk in the area is low etc.).
In those cases spatial criteria with no neighbourhood interrelations (i.e. location) are
implemented (problem types L_1, L_2, L_5, L_6).
The role of strategic regional planning was emphasized in the latest National Forest Plan
(DGCN 2002). In recent years the development of strategic forest plans at the county level
has been promoted by the autonomic governments, and it is expected to continue gaining
importance. Some of the main objectives of these plans are: ensuring the achievement of
pan-European sustainability criteria at different space-time levels, integrating forest
management with the management of protected areas and with land-use in general, and
addressing the common fragmentation of forest ownership by promoting forest owners
associations, communal forests and participatory planning. Planning periods for regional
strategic plans may range between 10-30 years, and usually a revision of objectives takes
places every 10 years (R_1 in table 1).
In 2006 only 12.7% of the forest surface (18.9% in terms of forested surface; SECF 2010) was
regulated by an updated forest management plan (68.5% of the planned/regulated surface
was public and 31.5% private). The main reason for this is the lack of profitability during the
last decades (since 80s, 90s), mainly in the Mediterranean regions. The current national
forest plan (DGCN 2002) aims to promote forest management planning at the national,
autonomic (main administrative regional entity; Spain is divided in 17 autonomies), county
and local levels (forest, stand), according to the current pan-European objectives of multifunctionality.
The largest part of the produced management plans is still based on classical approaches, i.e.
cutting budget regulation methods (sometimes with some variation, see e.g. Madrigal
Collazo 1995) usually based on poor/limited growth and yield models (yield tables that only
apply to fully-stocked even-aged forests that sometimes are too old and not representative;
simple models only based on tree size, etc.) that cannot be used in simulations. In fact
economic efficiency objectives (e.g. NPV) are often not considered for doing the plans. This
leads to a deficiency in formulating and evaluating alternative management regimes. Timber
is the main objective and other objectives are integrated qualitatively, but not explicitly in
the calculation/planning procedure. These methods are not goal-based methods, i.e.
management proposals are not derived from the management goals set for the particular
forest (Trasobares and Pukkala 2007). Modern multi-objective planning based on (1) the
identification of decision-makers and their management goals, (2) the simulation of
alternative treatment alternatives for stands, (3) the solution of a planning model (using
information from simulations and information on management goals) by using an
optimization tool, and (4) the use of sensitivity analysis tools for testing the solution, is
required for this.
Though still not established in forest planning practice, in the last 10-15 years numerous
tools for supporting modern planning have been actively developed in Spain. For example,
several stand-level dynamic simulation tools enable the simulation of alternative
management schedules for a broad range of stand types (see e.g. Sánchez-González 2007;
Río et al. 2005; Calama et al. 2007; González et al. 2009). Some stand simulation tools have
also been used in stand-level planning/optimization (Palahí and Pukkala 2003; Trasobares
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and Pukkala 2004; González et al. 2008, Palahí et al. 2009). At the forest/landscape level,
various research studies on multi-objective forest planning (mainly for even-aged
management systems) have been developed using real forest data (see e.g. Diaz-Balteiro and
Romero 1998; Diaz-Balteiro and Romero 2003; Diaz-Balteiro et al. 2006; Bertomeu et al.
2009; Diaz-Balteiro et al. 2009a). The resulting planning models used mathematical
programming (e.g. dynamic programming, heuristics) and multi-criteria analysis (e.g. Goal
programming; Analytical Hierarchy Process) for integrating the preferences of decisionmakers in the planning model. Besides, a method for aggregating expressed individual
preferences has been adapted and applied to elicit social weights in the context of a real
forest management problem (Diaz-Balteiro et al. 2009b). Finally, fully developed multiobjective decision support systems (integrating simulation, decision-making and sensitivity
analysis tools) have been developed and applied at different spatial scales focusing on key
issues such as fire risk prevention and habitat conservation (Palahí et al. 2004a; González et
al. 2005).
The main objectives of this report are:
•

To produce an inventory of computerized tools to support the forest management
problem types prevalent in Spain.

•

To include a summary description of the key features of these tools such as architecture,
use of models, methods, knowledge management, and participatory functionalities, with
a focus on how the tools came about (development and institutional context) and their
success in addressing the key planning problems in the country.

•

To evaluate the lessons learned in the assessment of decision support systems (DSS) in
the country and define a possible roadmap for a successful transfer of these tools to
practitioners in the coming years.

23.2

Materials and methods

The existing data and information on forest management planning and DSS in Spain were
classified (and afterwards evaluated and used) as follows:
•

Technical and scientific publications.

•

Text books and publications on traditional forest planning (e.g. Dubordieu et al. 1993;
Madrigal-Collazo 1995; González Molina et al. 2006).

•

National and autonomic forest plans (e.g. DGCN 2002; Gobierno de Cantabria 2006),
General instructions for forest management planning (e.g. Junta de Castilla y León
1999; Junta de Andalucía 2004).

•

Publications and forest management plans developed by the autonomic forest
services or private forest owners associations. See for example the various
publications and reports of the Forest Planning Centre for private properties in
Catalonia, CPF (www.gencat.cat/dmah/cpf), or several forest management planning
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manuals published in some Autonomous Communities (e.g. Martinez SánchezPalencia et al. 2011).
•

Web pages:
o Ministry of Environment: www.marm.es/es/biodiversidad/servicios/banco-dedatos-biodiversidad/informacion-disponible/default.aspx
o TRAGSA: www.tragsa.es/es/sus-empresas/Paginas/tragsatec.aspx
o INIA
(forest
species
maps):
http://sites.google.com/site/sigforestspecies/home/mapas-de-especies
o Foreco Technologies SL: www.forecotech.com/
o Universidad Santiago de Compostela: http://solar.usc.es/saddriade
o Spanish
Global
Biodiversity
Information
Facility
(GBIF)
Node:
www.gbif.es/index_in.php
o Digital
climatic
atlas
of
the
Iberian
Peninsula:
www.opengis.uab.es/wms/iberia/espanol/es_presentacio.htm
o The use of spatial web services based on ISO and OGC standards (based on the EU
directive INSPIRE, http://inspire.jrc.ec.europa.eu/) deserves special attention
here. The Ministry of Environment publishes broad cartography related to forest
systems
and
management
through
Web
Map
services
(see
www.marm.es/es/cartografia-y-sig/servicios/servicios-wms/default.aspx#para2).
In addition, the administrative organization of the country in 17 autonomies also
led to the establishment of specific regional servers (see e.g.
http://cma.gva.es/web/indice.aspx?nodo=69939&idioma=V for Valencia)

In addition, a questionnaire (via email) was sent to the main forest management planning
experts and DSS developers in the country (universities, research and technology institutes,
regional forest services, public and private companies). The main objectives of the
questionnaire were: (1) to identify the main planning problems in the country (according to
the FORSYS dimensions); (2) to identify the main decision support tools and systems and
relate them to the planning problems; (3) to collect information about the involvement of
potential users and stakeholders in the development of the systems; and (4) to collect
information about the use of the systems in practical applications.
The obtained results are assumed to be a good representation of the current situation,
prevalent forest management planning problems (already presented in the introduction),
and the available tools for supporting management planning in Spain, because the main
experts and representatives from most of the requested institutions replied to the
questionnaire.
The objective (supported by all tool developers) is that all selected tools will be included in
the
FORSYS
Wiki
page
for
Decision
Support
Systems
(DSS)
(www.fp0804.emu.ee/wiki/index.php/Main_Page).

23.3

Results

In this report we distinguish between decision support systems (DSS) and computerized
tools (CT). We consider decision support systems to be those tools that integrate the main
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processes of decision-making (i.e. enable: 1. Selection of management objectives and its
relative importance; 2. Simulation of a decision space based on a set of management
alternatives; 3. Planning problem definition and solving; and 4. Evaluation of the solution
using a sensitivity analysis). For those tools that only support some of the processes (e.g. a
stand-level simulator of management schedules) we will use the term computerized tool
(CT).
Because stand-level planning (i.e. find an optimal management schedule for a given stand
and planning period according to the objectives of the decision-maker/s) on small private
properties (<5ha, 1 or few stands) is the most common planning case in many regions of the
country (e.g. Galicia, Catalonia), it is not surprising that many of the existing CT and DSS
address this spatial level (Table 2). Management problems (already described in section 1)
S_1 and S_2 (one or two wood products objectives, strategic and tactical temporal scales)
are addressed by various tools. Often they are stand-alone CTs for the simulation of
alternative management schedules, based on growth and yield model (G&YM),
volume/assortment functions, and biomass functions. Examples of this type of tools are
GesMO© simulator (Castedo-Dorado 2004; Diéguez-Aranda 2004; González et al. 2009
available in Diéguez-Aranda et al. 2009 and www.usc.es/uxfs/), PINASTER (Rodríguez
Soalleiro et al. 1994), SILVES (Río et al. 2005), and ALCORNOQUE 1.0 (for cork production;
Sánchez-González et al. 2007). Web-based support tools such as SIMANFOR (Bravo et al.
2010; www.simanfor.org) and SAD_DRIADE (http://solar.usc.es/saddriade) may also be used
for problems S_1 and S_2. SIMANFOR allows simulating management schedules from any
forest inventory source. SAD_DRIADE is based on a set of pre-defined management
models/schedules that the user may select and includes GIS/maps and visualization tools. A
more detailed description of stand-level support tools in Spain is also available in Bravo et al.
(2011).
Some stand-level simulation tools also integrate models for predicting non-wood forest
values and therefore dealing with problem S_3. PINEA2 (Calama et al. 2007) includes the
prediction of pine nuts yield, while RODAL-ARBOREX (Trasobares and Pukkala 2004;
González et al. 2008; Palahí et al. 2009; and www.forecotech.com/), a full DSS at the stand
level (selection of objectives, simulation, optimization, sensitivity analysis tools; Table 2)
integrates the prediction of mushroom yield and fire risk. Problem S_4, focusing on wood
and non-market forest values can be evaluated by RODAL-ARBOREX (fire risk) and
GOTILWA+ (Growth of Trees Is Limited by Water; Gracia et al. 1999,
www.creaf.uab.es/gotilwa+/). GOTILWA+ is a climate sensitive process-based model that
enables simulating alternative management regimes. This tool permits selecting
environmental objectives such as stand water use efficiency or fire risk, and nowadays is
evolving to the DSS level (the simulation module has been linked to an optimization
algorithm, Table 2).
Table 2. CT/DSS, KM techniques and participatory planning methods used/developed for
each Forest planning problem types
Problem
type

Computerized
tool/DSS

Models and methods

KM techniques
(if applicable)
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Methods for participatory
planning (if applicable)

Problem
type

Computerized
tool/DSS

Models and methods

S_1, S_2

RODALARBOREX

Multi-objective (G&Y_M,
biomass, CO2, mushrooms, fire
risk) stand simulator Selection of
objectives, Optimisation (nonlinear programming) of stand
management

GesMO©

G&Y_M, simulation of stand
management

PINEA2

G&Y_M, simulation of stand
management

-

-

ALCORNOQUE
1.0

G&Y_M, simulation of stand
management

-

-

PINASTER

G&Y_M, simulation of stand
management

-

-

SILVES

G&Y_M, evaluation of thinnings

-

-

SAD_DRIADE

Management models based on
growth, management costs,
economic models

GIS, Database,
Visualization

-

SIMANFOR

Web platform, G&Y_M,
simulation of stand management

Database

-

RODALARBOREX

Same as previous description of
the tool

Same as
previous

-

PINEA2

Multi-objective (timber, biomass,
CO2, cone production) stand
simulator

-

-

GOTILWA+

Climate sensitive multi-objective
(timber, biomass, CO2, water use
efficiency, fire risk) simulationoptimisation (Particle Swarm alg.)
of stand management

Database, data
mining

-

RODALARBOREX

Same as previous

Same as
previous

L_1, L_2,
L_2, L_5,
L_6, L_7,
L_8

MONTE

Multi-objective stand simulation
models (wood products,
mushrooms, fire risk, etc.);
prescription writer;
objectives/preferences selection
module; planning module: model
writer + optimization tool
(including spatial objectives);
sensitivity analysis tools

Database, data
mining,
Visualization
tools, thematic
maps,
interactive
dialogs

Multi-attribute utility
function in
objectives/preferences
selection module enables
group decision-making

L_4

SILVANET

Multi-objective and group
decision-making model, G&Y_M

Visualization
and interactive

Group decision-making
techniques

S_3

S_4

KM techniques
(if applicable)
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Database,
Visualization

Methods for participatory
planning (if applicable)
-

-

Problem
type

Computerized
tool/DSS

Models and methods

KM techniques
(if applicable)

Methods for participatory
planning (if applicable)

dialogs

R_1

L_9

MONTE

Same as previous

Same as
previous

Same as previous

ESCEN

Reads regional forest inventory
sample (e.g. NFI grid); Multiobjective stand simulation
models of various goods and
services (timber, biomass, CO2,
fire risk, diversity, etc.)

Database,
Visualization
tools

-

SIMANFOR

Allows simulation of
management alternatives using a
regional forest inventory sample

Database

-

SAD_DRIADE

Management models can be
applied at the regional level

GIS, Database

-

Not covered

As described in section 1, the prevalent landscape level planning problems in Spain
encompass variation in terms of temporal scale, spatial context, parties involved and
objectives (Table 1). To date, MONTE (Palahí et al. 2004b; www.forecotech.com) is the main
tool available for landscape/forest problems (i.e. determine a specific management schedule
for each stand in the forest so that a global objective is maximized). MONTE is a
forest/landscape-level DSS designed to optimise forest resources and maximise forest owner
benefit. MONTE is organized into various subsystems: 1) database management system; 2)
multi-objective simulation system (timber, biomass, carbon, fire risk, mushroom yield, fire
risk; All landscape planning problems); 3) planning system that formulates and solves
problems using an optimisation tool (mathematical programming or heuristics; Pukkala
2002); and 4) sensitivity analysis system (visualization of forested landscapes based on the
DTM of the forest, tree symbols or Virtual reality modelling). MONTE permits considering
spatial objectives (i.e. neighbourhood interrelations: Problems L_1, L_2, L_5, L_6), for
example the impact of forest management on the habitat of indicator species (Palahí et al.
2004a) or forest fires (González et al. 2005).The system may be adjusted to interpret the
spatial context of stands with no neighbourhood interrelations (L_3, L_4, L_7, L_8) and also
to tactical (L_5-L_8) and strategic (L_1-L_4) temporal scales.
MONTE can be used for solving problems with one or multiple decision-makers (module with
multi- attribute utility function for participatory planning; L_1, L_4, L_5, L_7). Participatory
planning may also be conducted using SILVANET (Martinez Falero et al. 2010). This software
can be used for problem L_4 and provides a tool to aggregate different preferences in order
to choose the best management planning. The application requires a LIDAR-based inventory
of the stands studied and yield tables. No other CT or DSS allows the integration
participatory processes in management planning (Table 2). It is important to remark that to
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date no tools are available for addressing Problem L_9 (operational planning landscape-level
problems).
Strategic Regional planning (problem R_1) can be supported using simulators that project
regional forest inventory samples according to optional management alternatives (e.g. NFI).
ESCEN (www.forecotech.com/), SIMANFOR, and to some extent SAD_DRIADE (not simulating
but assuming a given set of management models) can be used for this purpose. For example
ESCEN, that uses multi-objective stand simulation models of various goods and services
(timber, biomass, CO2, fire risk, diversity, etc.), has been used for simulating alternative
regional management scenarios in Catalonia. This gives the planner the possibility to analyse
the overall development of the forest resource (biomass, carbon sequestration, biodiversity,
etc.) and the long-term consequences of policy alternatives.
Although it is not really a tool for forest management planning, but a support tool for soil
evaluation and protection, we believe it is relevant to mention the MicroLEIS DSS
(http://.evenor-tech.com) here. The system incorporates a set of information tools grouped
into the following main modules: i) basic data warehousing, ii) land evaluation modelling,
and iii) model application software. Custom applications can be carried out on a wide range
of problems related to sustainable use, optimum biomass productivity, minimum
environmental vulnerability and maximum CO2 sequestration (Anaya-Romero et al. 2011).
Additionally, climate change scenarios may be considered together with other important
global change elements (e.g. land use change, Muñoz et al. 2011; desertification; and
agriculture intensification, Shahbazi et al. 2008), in order to develop and implement
territorial strategies. MicroLEIS has more than 5,000 users worldwide (although most belong
to academia).
Databases, GIS, and in some cases visualization tools (e.g. MONTE DSS), are Knowledge
Management techniques commonly used in the reviewed support tools. In general,
knowledge management doesn’t play a central role in the available tools. However, its role is
significant in the above described MicroLEIS DSS, and to some extent in MONTE and
SAD_DRIADE.
It is of relevance for the purpose of this review report to go through the type of users,
development context, and use in practical management problems of the presented support
tools. Table 3 shows some of the main results obtained from the questionnaires sent to the
main forest management planning experts and DSS developers in the country. In most cases
the education of the users is graduate or higher level, although some tools are also
used/conceived for users that are not graduates but have a minimum IT knowledge. Many of
the tools resulted from research projects during the last 10-15 years (e.g. PhD thesis). In
some cases the projects were also related to the public administration, industries, or
consulting companies. Consequently, the tools are often used in education and most of the
users belong to universities and research centres (followed by the administration and some
consulting company). In many cases a rather short training time is assumed (few hours or
one day),but some tools may require one week or more. The number of forest management
practical applications ranges from 0 to >100. Practical applications seem to be more
common in stand-level tools. It seems that users participate often in the development of the
tools (at least to a preliminary identification of needs). However, in most occasions the
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interaction is based on possible modifications of an existing tool rather than collecting
guidelines for building a new tool from scratch.
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Table 3. Description of the users, development context, and practical application of the presented support tools.
Computerized
tool/DSS

Education of users

Organization of
users (to date)

Required training
time

Number of
practical
applications

Project origin

Use in education

Participation of users
in development

RODAL-ARBOREX

Any, provided min.
IT knowledge

Administration,
Industry,
Consulting
company,
University/ Res.
Centre

1 hour

>50

Research/
Consultancy (2004)

Direct use by
students

Tool already existing

Any, provided min.
IT knowledge

Administration,
Industry,
Consulting
company,
University/ Res.
Centre

1 hour

PhD thesis (2003)

Direct use by
students

Tool already existing

Graduate/
Postgraduate

Administration,
University/ Res.
Centre

1 day

Administration/Ph
D thesis (2001)

Demo/direct use
by students

Tool already existing

GOTILWA+

Graduate/
Postgraduate

University/ Res.
Centre

1 week

0

Research (1999)

Demo/direct use
by students

Tool already existing

ALCORNOQUE 1.0

Graduate/
Postgraduate

University/ Res.
Centre

<= 1 day

0

PhD thesis (2006)

Seminar

Tool already existing

Graduate/
Postgraduate

Administration

-

<=3

PhD thesis (2001)

-

No

Graduate/
Postgraduate

Administration,
Consulting
company,

1 day

<=10

Research/
Consultancy (2004)

Direct use by
students

Tool already existing

GesMO©

PINEA2

SILVES

MONTE

>100

<=10

Needs identification,
development,
evaluation

Evaluation phase

Needs identification

Needs identification

University/ Res.
Centre
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Needs identification,
development,

Computerized
tool/DSS

Education of users

Organization of
users (to date)

Required training
time

Number of
practical
applications

Project origin

Use in education

University/ Res.
Centre

Participation of users
in development
evaluation

SILVANET

Graduate/
Postgraduate

University/ Res.
Centre

-

1

Research (2010)

-

-

SAD_DRIADE

Graduate/
Postgraduate

Administration,
Industry,
Consulting
company,
University/ Res.
Centre

1 day

<=10

Research/
Consultancy (2009)

Direct use by
students

Needs identification,
design, development,
evaluation

SIMANFOR

Graduate/
Postgraduate

University/ Res.
Centre

2-3 hours

0

Ministry of science
and innovation
(2006)

Direct use by
students

Needs identification,
design, development,
evaluation

ESCEN

Graduate/
Postgraduate

Administration,
University/ Res.
Centre

2-3 hours

<=3

Research/
Consultancy (2004)

Seminar

Tool already existing

Graduate/
Postgraduate

University/ Res.
Centre
Administration,
Consulting
company,

<= 1 week

Research (2009)

Demo/direct use
students

MicroLEIS

>100
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Needs identification
Yes, but most belong
to academia

23.4

Discussion and conclusions

The regular use of CT and DSS in forest management planning is still limited to a small group
of users, most of them working in universities and research institutions. However, some
practical use is starting to arise in public administrations and consulting companies. In most
cases this relates to stand-level simulation tools, because they are simple (a few hours of
training required, Table 3) and close to the basic skills/knowledge from practitioners.
However, the transfer of fully developed DSS systems (e.g. landscape-level systems or standlevel simulation-optimization tools) is more challenging. These tools are more complex and
rely on modern information technologies which often are unknown by practitioners,
especially by those that graduated some years ago.
The survey on computerized tools developed to support forest management planning in
Spain revealed the existence of a wide range of tools to support stand-level planning.
Examples of the increasing relevance of these tools in practice are the use of RODALARBOREX by the Forest Planning Centre for private properties in Catalonia (CPF, Public
institution in charge of promoting and regulating forest management planning in private
properties of Catalonia), the use of GesMO© by the public administration and industries in
Galicia, or the use of PINEA2 by the administration.
The interaction with practitioners in the development of the tools has been identified as a
key aspect for promoting practical use. The example of RODAL-ARBOREX illustrates this.
Initially a preliminary version of the tool was not very successful in meeting the daily
requirements of the planners in CPF. For example, the calculated variables by the tool were
not exactly the same as those considered in local management plans, and some dialogs and
results tables were not meeting daily work requirements. Consequently, quite intensive
interaction was needed to meet the needs of the users. Up to now only the simulation
module of the tool has been transferred. Dealing with the solution of an optimization
problem, even when proposing an easy-to-use interface, may require longer interaction and
training.
If interaction with users is promoted (seems to start taking place in most cases, see Table 3)
and training is sufficient we believe that many of the already existing tools for solving
problems S_1, S_2, S_3 could be successfully transferred to practice. In addition, in the case
of recently developed tools, it may be more efficient to interact with the users/stakeholders
since the initial design phase of the tool. This seems to be the path adopted by some
recently developed tools such as SIMANFOR (Table 3). In the case of problem S_4 and
similarly to the use of optimization tools, the integration of risk (e.g. fire, drought) and
climate scenarios in the predictions may require more specific consideration. Even though a
process-based tool such as GOTILWA+ already provides good self-explanatory and intuitive
interfaces, special emphasis should be placed on both the design of an effective/simple user
interface and training. The success of stand-level support tools may also be improved by the
integration of multiple objective techniques (i.e. integrating missing models for relevant
non-wood and non-market values, adding an explicit dialog for objective selection and
ranking) and expert knowledge (expert recommendations displayed as metadata, i.e.
knowledge management).
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Few tools are available for modern landscape-level strategic and tactical planning (Table 2).
Basically only MONTE is a full DSS and has been used in various pilot projects, while
SILVANET appears to be a more specific tool for group decision-making. In principle this may
look surprising because large variation in forest/landscape management problems (L_1-L_9)
has been identified. However there are several reasons for this. For instance, DSS for
landscape-level planning are conceptually more complex than stand-level tools, and require
more training and knowledge on modern information technologies. This is often hard to
achieve with technicians who are used to applying traditional cutting budget methods. In
addition, the common high fragmentation of the forest ownership often prevents the
use/establishment of a more complex planning approach.
The example of the adaptation of MONTE to various practical problems (public and private
forests representative of management problems L1-L8) is also illustrative (and also required
significant interaction with practitioners). The baseline version of the system, originally
developed in a research framework, was attractive (e.g. interactive dialogues, visualization)
but difficult to understand/use by the average user. In general some user interfaces were
not intuitive enough for beginners and the main steps to follow were not adequately
presented. To solve this, several dialogues were simplified and the main steps in planning
(i.e. calculation of current state, simulation of alternatives, selection of objectives,
optimization, and sensitivity analyses) were clearly introduced along the planning process.
The integration of non-wood (mushroom yield) and non-market objectives (fire risk, scenic
beauty, biodiversity) as well as the use of thematic maps in problems considering
neighbourhood interrelations was also important in the practical adaptation of the tool.
Nowadays, the current version of the tool is more accessible and for most users.
Nevertheless the required training effort is still a challenge. Until DSS are regularly used in all
education centres it is more realistic to expect that in each institution or group one person
could learn how to use the tool in detail rather than hoping that most members will reach
that level.
The lack of tools for operational management planning (optimizing time/space relationships
for harvesting and transportation of products; problem L_9) may be explained by the small
relative presence of the industry compared to other countries such as Portugal. Still, the
application of this type of system could also be useful for the emerging management
problems focusing on potential biomass supply for bioenergy plants (perhaps also to the
agrosylvopastoral systems “Dehesas”). Therefore the development or adaptation of such
tools should be considered in the near future.
Simulating regional scenarios is probably simpler than landscape-level planning. However,
very few applications in regional strategic planning have been reported so far. Some initial
exercises, for example projecting the NFI grid for a given region, have been developed but
the required structure of the tools for this type of management problem is still not clear. To
develop the recently promoted strategic regional plans one may need to combine regional
simulations (e.g. using ESCEN or SIMANFOR) with analyses at more detailed spatial
resolution (landscape or even representative stands). For this purpose using a GIS module
and/or a link with Google Earth may supply a good basis for analyses. SAD_DRIADE provides
a good example of this approach.
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The following points may be of relevance for improving the existing tools and achieving
significant transfer to practical use in the coming years:
•

Multi-objective (spatial considerations such as fires risk or biodiversity or the
development of missing models for non-wood and non-market goods and services)
and group decision-making approaches for landscape and regional planning should
be developed and integrated in the tools.

•

The integration of GIS and visualization technologies (Google Earth) combined with
knowledge management (databases on previous periods, expert knowledge)
approaches may ease the solution of regional and spatial landscape problems and
improve usability and attractiveness of the tools (for the users).

•

The use of the tools by and through the administration (i.e. the administration
prescribes the use of a given tool/set of tools for developing, for example, regional
and landscape-level management plans in a given region) should be strongly
promoted.

•

Modern planning and information technologies concepts as well as the use of
representative CT and DSS tools should become an essential item in the study plans
of all universities and education institutions related to forest and natural resources
management planning in the country.

Finally, another challenge for forest management and planning in Spain is coping with
climate change, especially in a Mediterranean context. In such a context, forest
management objectives, decision-making tools and strategies will need to adapt to potential
new conditions and new demands for goods and services. There are several ways to respond
to this increased uncertainty. The first option is to convert current static periodical planning
into a dynamic continuous process which allows updating or re-planning when something
makes the plan obsolete (a fire, a change in the management objectives, etc) or no longer
justified. Another way to address risk and uncertainty is to accommodate them explicitly in
the forestry decision-making process (see González et al. 2005 and GOTILWA+). This can be
done by analysing the outcome of different management plans under different scenarios
with known or unknown probabilities. Such approach converts deterministic planning into
stochastic analysis, providing information about the alternative plans through the probability
distributions of the objective variables (Gonzílez et al. 2005). Stochastic planning allows for
considering the attitude of decision-makers towards risk and uncertainty.
Adaptive planning is another approach to react to risk and uncertainty. In adaptive planning,
decision-makers may adapt their plan according to the changing situations because adaptive
planning produces instructions on how to react to different changes; in growth predictions,
management objectives, sudden droughts or forest damages from fires, etc. Relevant
examples of the development of methods and DSS for copying with climate uncertainty and
adaptation are being developed within the framework of the MOTIVE project (Models for
Adaptive Management; http://motive-project.net/).
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